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AMERICAN    PUBLISHER'S 

ADVERTISEMENT. 


SO  recent  and  so  thorough  has  been  the  revision  which  this  work 
has  enjoyed  at  the  hands  of  the  English  Editors,  that  but 
little  has  remained  to  be  done  in  preparing  the  present  reprint ; 
while  the  enlargement  which  the  volume  has  necessarily  under- 
gone, in  the  introduction  of  the  most  modern  views  and  discov- 
eries, has  rendered  it  advisable  to  confine  the  additions  to  as 
moderate  a  compass  as  possible.  The  American  Editor  has  there- 
fore added  but  few  notes,  together  with  a  number  of  illustrations, 
and  has  directed  his  attention  rather  to  secure  the  accuracy  so 
essential  to  a  treatise  of  this  nature.  Especial  care  has  been 
devoted  to  the  formulae,  and  errors  have  been  corrected  wherever 
a  minute  supervision  has  been  able  to  detect  them. 

In  its  present  enlarged  and  improved  form,  it  is  hoped  that 
the  work  fairly  represents  the  existing  condition  of  the  science, 
and  that  it  may  be  found  worthy  a  continuance  of  the  very 
remarkable  favor  which  it  has  so  long  enjoyed. 

Philadelphia,  ifay,  1869. 
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ADVERTISEMENT 

TO 

THE    TENTH    EDITION. 


THE  rapid  progress  of  chemical  discovery  during  the  last  few  years 
has  rendered  it  necessary  to  make  considerable  alterations  and 
additions  in  almost  every  part  of  the  present  Edition. 

The  chapter  on  the  General  Principles  of  Chemical  Philosophy  has 
been  re-written. 

Some  considerable  additions  have  been  made  to  the  descriptions  of 
the  metalsy  especially  those  of  rarer  occurrence,  several  of  which  have 
acquired  greatly  increased  importance  by  the  more  exact  investigations 
of  late  years.  The  distinguishing  reactions  of  the  several  metals  are 
also  given  more  fully  than  in  former  editions. 

The  greater  part  of  the  Organic  Chemistry  has  been  re-written,  espe- 
cially the  sections  relating  to  the  Hydrocarbons,  Alcohols,  and  Acids, 
upon  w^hich  great  light  has  been  thrown  by  recent  investigations. 
The  section  on  Animal  Chemistry  has  been  entirely  revised. 
The  Atomic  Weights  used  in  this  Edition  are  those  which  are  now 
almost  universally  received  among  Chemists,  and  the  Notation  has 
been  altered  in  accordance  with  them. 

The  Nomenclature  has  been  simplified  by  discarding  the  word  "  of  " 
in  the  names  of  salts,  &c.,  using,  for  example,  the  term  "silver  nitrate" 
instead  of  "  nitrate  of  silver." 

The  Weights  and  Measures  used  are  those  of  the  French  decimal 
system ;  and  Temperatures  are  expressed  on  the  Centigrade  scale,  ex- 
cepting where  the  contrary  is  expressly  stated.  A  comparative  Table 
of  the  two  scales  is  given  at  the  end  of  the  volume. 


London,  October,  1868. 


H.  Bence  Jones. 
Henry  Watts. 


ADVERTISEMENT 

TO 

THE    THIRD    EDITION. 


THE  correction  of  this  Edition  for  the  Press  was  the  daily 
occupation  of  Professor  Fownes,  until  a  few  hours  pre- 
vious to  his  death  in  January,  1849. 

His  wish  and  his  endeavor,  as  seen  in  his  manuscript,  were  to 
render  it  as  perfect  and  as  minutely  accurate  as  possible. 

When  he  had  finished  the  most  important  part  of  the  Organic 
Chemistry,  where  the  most  additions  were  required,  he  told  me 
he  should  "  do  no  more,"  —  he  had  "  finished  his  work." 

At  his  request  I  have  corrected  the  Press  throughout,  and  made 
a  few  alterations  that  appeared  desirable  in  the  only  part  which 
he  had  left  unaltered,  the  Animal  Chemistry. 

The  Index  and  the  Press  have  also  been  corrected  throughout 
by  his  friend  Mr.  Robert  Murray. 

H.  Bence  Jones,  M.  D. 

30  GROflVENOR  Street,  Jan,f  1850.  * 

▼i 


PREFACE 

TO 

THE    FIRST    EDITION. 


THE  design  of  the  present  volume  is  to  offer  to  the  student 
commencing  the  subject  of  Chemistry,  in  a  compact  and 
inexpensive  form,  an  outline  of  the  general  principles  of  that 
science,  and  a  history  of  the  more  important  among  the  very 
numerous  bodies  which  Chemical  Investigations  have  made  known 
to  us.  The  work  has  no  pretensions  to  be  considered  a  complete 
treatise  on  the  subject,  but  is  intended  to  serve  as  an  introduction 
to  the  larger  and  more  comprehensive  systematic  works  in  our 
own  language  and  in  those  of  the  Continent ;  and  especially  to 
prepare  the  student  for  the  perusal  of  original  memoirs,  which,  in 
conjunction  with  practical  instruction  in  the  laboratory,  can  alone 
afford  a  real  acquaintance  with  the  spirit  of  research  and  the 
resources  of  Chemical  Science. 

It  has  been  my  aim  throughout  to  render  the  book  as  practical 
as  possible,  by  detailing,  at  as  great  length  as  the  general  plan 
permitted,  many  of  the  working  processes  of  the  scientific  labora- 
tory, and  by  exhibiting,  by  the  aid  of  numerous  wood-engrav- 
ings, the  most  useful  forms  of  apparatus,  with  their  adjustments 
and  methods  of  use. 

As  one  principal  object  was  the  production  of  a  convenient  and 
useful  class-book  for  pupils  attending  my  own  lectures,  I  have 
been  induced  to  adopt  in  the  book  the  plan  of  arrangement  fol- 
lowed in  the  lectures  themselves,  and  to  describe  the  non-metallic 
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VIU  PREFACE. 

elements  and  some  of  their  most  important  compounds  before 
discussing  the  subject  of  the  general  philosophy  of  Chemical 
Science,  and  even  before  describing  the  principle  of  the  equiva- 
lent quantities,  or  explaining  the  use  of  the  written  symbolical 
language  now  universal  among  Chemists.  For  the  benefit  of 
those  to  whom  these  matters  are  already  familiar,  and  to  render 
the  history  of  the  compound  bodies  described  in  the  earlier  part 
of  the  work  more  complete,  I  have  added  in  foot-notes  the  view 
adopted  of  their  Chemical  Constitution,  expressed  in  symbols. 

I  have  devoted  as  much  space  .as  could  be  afforded  to  the  very 
important  subject  of  Organic  Chemistry ;  and  it  will,  I  believe, 
be  found  that  there  are  but  few  substances  of  any  general  interest 
which  have  been  altogether  omitted,  although  the  very  great 
number  of  bodies  to  be  described  in  a  limited  number  of  pages 
rendered  it  necessary  to  use  as  much  brevity  as  possible. 

Geo.  Fownes. 

University  College,  Loitdon. 
October  5,  1847. 
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MANUAL  OF  CHEMISTRY. 


INTRODUCTION. 

THE  Science  of  Chemistry  has  for  its  object  the  study  of  the  nature  and 
properties  of  all  the  materials  which  enter  into  the  composition  or  struc- 
ture of  the  earth,  the  sea,  and  the  air,  and  of  the  various  organixed  or  liv- 
ing beings  which  inhabit  these  latter.  Every  object  accessible  to  man,  or 
which  may  be  handled  and  examined,  is  thus  embraced  by  the  wide  circle 
of  Chemical  Science. 

The  highest  efforts  of  Chemistry  are  constantly  directed  to  the  discovery 
of  the  general  laws  or  rules  which  regulate  the  formation  of  chemical  com- 
pounds, and  determine  the  action  of  one  substance  upon  another.  These 
laws  are  deduced  from  careful  observation  and  comparison  of  the  proper- 
ties and  relations  of  vast  numbers  of  individual  substances ;  —  and  by  this 
method  alone.  The  science  is  entirely  experimental,  and  all  its  conclusions 
the  results  of  skilful  and  systematic  experimental  investigation. 

The  applications  of  the  discoveries  of  Chemistry  to  the  arts  of  life,  and 
to  the  relief  of  human  suffering  in  disease,  are,  in  the  present  state  of  the 
science,  both  very  numerous  and  very  important,  and  encourage  the  hope 
of  still  greater  benefits  from  more  extended  knowledge  than  that  now 
enjoyed. 

In  ordinary  scientific  speech,  the  term  chemical  is  applied  to  changes 
which  permanently  affect  the  properties  or  characters  of  bodies,  in  oppo- 
sition to  effects  termed  phytical,  which  are  not  attended  by  such  conse- 
quences. Changes  of  decomposition  or  combination  are  thus  easily  distin- 
guished ftrom  those  temporarily  brought  about  by  heat,  electricity,  mag- 
netism, and  the  attractive  forces,  whose  laws  and  effects  lie  within  the 
province  of  Physics  or  Natural  Philosophy. 

Nearly  all  the  objects  presented  by  the  visible  world  are  of  a  compound 
nature,  being  chemical  compounds,  or  variously  disposed  mixtures  of  chemi- 
<•»!  compounds,  capable  of  being  resolved  into  simpler  forms  of  matter. 
Thus,  a  piece  of  limestone  or  marble,  by  the  application  of  a  red-heat,  is 
dtfcomposed  into  quicklime  and  a  gaseous  body,  carbon  dioxide.  Both  lime 
3  26 
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and  carbon  dioxide  are  in  their  turn  susceptible  of  decomposition,  tbe  for- 
mer into  a  metal,  calcium,  and  oxygen,  and  the  latter  into  carbon  and 
oxygen.  For  this  purpose,  however,  simple  heat  does  not  suffice,  the  reso- 
lution of  these  substances  into  their  components  demanding  the  exertion 
of  a  high  degree  of  chemical  energy.  Beyond  this  second  step  of  decom- 
position the  efforts  of  Chemistry  have  hitherto  been  found  to  fail;  and  tbe 
three  bodies,  calcium,  carbon,  and  oxygen,  having  resisted  all  attempts  to 
resolve  them  into  simpler  forms  of  matter,  are  accordingly  admitted  into 
the  list  of  elements ;  —  not  from  any  belief  in  their  real  oneness  of  nature, 
but  from  the  absence  of  any  eyidence  that  they  contain  more  than  one 
description  of  matter. 

The  partial  study  of  certain  branches  of  Physical  Science,  as  the  physi- 
cal constitution  of  gases,  the  chief  phenomena  of  heat  and  electricity,  and  a 
few  other  subjects,  forms  so  indispensable  an  introduction  to  Chemistry 
itself,  that  it  is  rarely  omitted  in  the  usual  courses  of  oral  instruction.  A 
sketch  of  these  subjects  is,  in  accordance  with  these  yiews,  placed  at  the 
commencement  of  the  present  Tolume. 


PAET  I. -PHYSICS. 


OF  DENSITY  AND  SPECIFIC  GRAVITY. 

IT  is  of  great  importance  at  the  outset  to  understand  clearly  what  is  meant 
by  the  terms  dtntity  and  tpeeifie  gravity.  By  the  density  of  a  body  is  meant 
its  0M1M,  or  quantity  of  matter,  compared  with  the  mass  or  quantity  of  matter 
of  an  eqtuil  volume  of  some  standard  body  arbitrarily  chosen.  Specific  yrav- 
iiy  denotes  the  weight  of  a  body,  as  compared  with  the  weight  of  an  equal 
bulk,  or  Tolume,  of  the  standard  body,  which  is  reckoned  as  unity.*  In 
all  cases  of  solids  and  liquids,  the  standard  of  unity  adopted  in  this  country 
is  pure  water  at  the  temperature  of  ld'&^  G.  (60^  Fnhr.)  Anything  else 
might  have  been  chosen  ;  there  is  nothing  in  water  to  render  its  adoption 
for  the  purpose  mentioned  indispensable:  it  is  simply  taken  for  the  sake  of 
couTenience,  being  always  at  hand,  and  easily  obtained  in  a  state  of  perfect 
purity.  An  ordinary  expression  of  specific  weight,  therefore,  is  a  number 
explaining  how  many  times  the  weight  of  an  equal  bulk  of  water  is  con- 
tained in  the  weight  of  the  substance  spoken  of.  If,  for  example,  we  say, 
that  concentrated  oil  of  vitriol  has  a  specific  gravity  equal  to  1-85,  or  that 
perfectly  pure  alcohol  has  a  density  of  0*794  at  15*5°  C,  we  mean  that 
equal  bulks  of  these  two  liquids  and  of  distilled  water  possess  weights  in 
the  proportion  of  the  numbers  1-85,  0-794,  and  1;  or  1850,  794,  and  1000. 
It  is  necessary  to  be  particular  about  the  temperature,  for,  as  will  be  here- 
after shown,  liquids  are  extremely  expansible  by  heat;  otherwise  a  constant 
bulk  of  the  same  liquid  will  not  retain  a  constant  weight.  It  will  be  pro- 
per in  begin  with  the  description  of  the  mode  in  which  the  specific  gravity 
of  liquids  is  determined :  this  is  the  simplest  case,  and  the  one  which  best 
illustrates  the  general  principle. 

In  order  to  obtain  at  pleasure  the  specific  gravity  of  any  particular  liquid 
compared  with  that  of  water,  it  is  only  requisite  to  weigh  equal  bulks  at 
the  standard  temperature,  and  then  divide  the  weight  of  the  liquid  by  the 
weight  of  the  water ;  the  quotient  will  of  course  be  greater  or  less  than 
unity,  as  the  liquid  experimented  on  is  heavier  or  lighter  than  water.  Now, 
to  weigh  equal  bulks  of  two  fluids,  the  simplest  and  best  method  is  clearly 
to  weigh  them  in  succession  in  the  same  vessel,  taking  care  that  it  is  equally 
fall  on  both  occasions,  a  condition  very  easy  of  fulfilment. 

A  thin  glass  bottle,  or  flask,  with  a  narrow  neck,  is  procured,  of  the 
form  represented  below  (fig.  1),  and  of  such  capacity  as  to  contain,  when 
filled  to  about  half-way  up  the  neck,  exactly  1000  grains  of  distilled  water 
at  Id'&^C.     Such  a  flask  is  readily  procured  from  any  one  of  the  Italian 

•In  other  words,  d<»nrity  meani  comparfttire  maxs.  nnd  specific  gravity  comparative  weight 
Thcfin  expri'Mionii,  althungh  roally  relating  to  distinct  tliingM,  are  otlcn  um^  quite  indifferiMitly 
in  chemical  writings,  and  without  practical  inconvenieuce,  ainco  maaa  aud  weight  are  directly 


28  DKNSITT   AND   SPECIFIC   QBAVITT. 

fcrlifieers,  lo  be  toaniX  in  eiery  Urge  lown,  who  mnaufaclure  cheap  thtr- 
momelcrs  for  sale.  A  counlerpaiBC  of  the  emcl  weight  of  the  emplj  Ijolilt 
is  mndo  from  a  bil  of  brass,  an  old  weight,  or  eomclhing  of  the  kiod,  anJ 
MrefuUy  adjusted  by  filing.  The  bolile  is  Ihcn  graduated,  by  JEtroducing 
water  at  T5-C°,  until  il  eiaolly  balances  the  lOOO-grain  wpight  and  counter- 
poise in  the  opposite  scale;  (he  height  at  which  the  water  Btaads  in  the 
neck  is  marked  by  a  scratch,  and  the  iuBlrument  is  complete  for  use.  Tie 
liquid  (o  be  emmined  is  brouglit  to  the  temperature  of  ]6'6°,  und  with  ii 
tlie  bottle  is  filled  up  to  the  mark  before  menlioned;  it  is  then  weig'W, 
the  counterpoise  being  uaed  as  before,  and  tb«  speoific  graTity  dlt-xulf 
ascertalDed. 


nf.1. 


A  witerj  liquid  in  a  narrow  glsie  lube  alwajs  presents  a  curved  sur^e, 
from  the  molecular  action  of  the  glass,  the  concavity  being  upwards.  Il  is 
better,  on  this  account,  in  graduating  the  bottle,  to  make  two  scratches,  aa 
represealed  in  the  Rgure,  one  at  the  top  and  the  other  at  the  bottoni  of  lbs 
curve:  this  prevents  atiy  future  mistake.  The  marks  are  eaiiily  made  by 
a  fine,  sharp  triangular  file,  <lie  hard  point  of  which,  also,  il  may  bo 
observed,  answers  perfectly  well  for  writing  upon  glass,  in  the  absence  of 
n  proper  diamond  pencil. 

Il  will  be  quite  obvious  that  the  adoption  of  n  Hnsk  holding  exactly  lOIW 
prains  of  water  has  no  other  object  than  to  save  the  trouble  of  a  very  tri- 
lling calculation;  any  other  quantity  would  answer  just  as  well,  and.  in 
fact,  the  experimental  chemist  is  oflen  compelled  to  use  a  bottle  of  much 
■mailer  dimensions,  from  scarcity  of  (he  liquid  lo  be  exumined. 

When  Ihe  speciflc  gravity  of  a  liquid  ia  to  be  determined  with  great  accn- 
racy,  a  case  which  frequently  occurs  in  chemical  inquiries,  a  little  glass 
bottle  is  used,  of  Ihe  form  showed  in  flg.  2.  This  botlle  is  provided  with  a 
perforated  conical  gtass  stopper,  mosl  accurately  fitted  by  grinding.  By 
complelely  lilting  the  little  bottle  with  liquid,  and  carefully  removing  (ha 
portion  of  liquid  which  is  displaced  when  Ihe  stopper  is  inserted,  an  unal- 
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terable  meaf^ure  is  obtained.     The  least  possible  quantity  of  grease  applied 
to  the  stopper  greutly  promotes  the  exact  fitting. 

When  the  chemist  has  only  a  small  quantity  of  a  fluid  at  his  /'<>3. 
disposal,  and  wishes  not  to  lose  it,  the  little  glass  Tessel  (fig.  3) 
is  particularly  useful.  It  is  formed  by  blowing  a  bubble  on  a 
glass  tube.  On  that  portion  of  the  tube  which  is  narrowed  by 
drawing  the  tube  out  orer  a  lamp,  a  fine  scratch  is  made  with  a 
diamond.  The  bubble  is  filled  up  to  this  mark  with  a  liquid 
whilst  it  stands  in  water  the  temperature  of  which  is  exactly 
known.  A  very  fine  funnel  is  used  for  filling  the  bubble,  the 
stem  of  the  funnel  being  drawn  out  so  as  to  enter  the  tube,  and 
the  upper  opening  of  the  funnel  being  small  enough  to  be  closed 
by  the  finger.  The  glass  stopper  is  only  wanted  as  a  guard, 
and  does  not  require  to  fit  perfectly. 

The  determination  of  the  specific  gravity  of  a  solid  body  is 
made  according  to  the  same  principles,  and  may  be  performed 
with  the  specific-gravity  bottle  (fig.  2).  The  bottle  is  first 
weighed  full  of  water ;  the  solid  is  then  placed  in  the  same  pan 
of  the  balance,  and  its  weight  determined;  finally,  the  solid 
is  put  into  the  bottle,  displacing  an  equal  bulk  of  water,  the 
weight  of  which  is  determined  by  the  loss  on  again  weighing.  Thus  the 
weights  of  the  solid  and  that  of  an  equal  bulk  of  water  are  obtained.  The 
former  divided  by  the  latter  gives  the  specific  gravity. 

For  example,  the  weight  of  a  small  piece  of  silver  wire 

was  found  to  be 98*18  grains. 

Glass  bottle  filled  with  water 294-69 


t< 


892-87       «* 
After  an  equal  volume  of  water  was  displaced  by  the  sil- 
ver, the  weight  was 383*54       *' 


Kence  the  displaced  water  weighed 
From   this,  the   specific   gravity  of  the   silver )  98'18 
wire >  "9T33 

Another  highly  ingenious,  but  less  exact  method  of 
determining  the  specific  gravity  of  solids,  is  based  on 
the  well-known  theorem  of  Archimedes. 

This  theorem  may  be  thus  expressed : 

When  a  solid  is  immersed  in  a  fluid,  it  loses  a  por- 
tion of  its  weight ;  and  this  portion  is  equal  to 
the  weight  of  the  fluid  which  it  displaces;  that 
is,  to  the  weight  of  its  own  bulk  of  that  fluid. 

It  is  easy  to  give  experimental  proof  of  this  very  im- 
portant proposition,  as  well  ns  to  establish  it  by  reason- 
ing. Figure  4  represents  a  little  apparatus  for  the 
former  purpose.  This  consists  of  a  thin  cylindrical 
vessel  of  brass,  into  the  interior  of  which  fits  very  accu- 
rately a  solid  cylinder  of  the  same  metal,  thus  exactly 
filling  it.  When  the  cylinder  is  suspended  beneath  the 
bucket,  as  seen  in  the  sketch,  the  whole  hung  from  the 
arm  of  a  balance  and  counterpoised,  and  then  the 
cylinder  itself  immersed  in  water,  it  will  be  found  to 
have  lost  a  certain  weight;  and  thnt  this  loss  is  pre- 
cisely equal  to  the  weight  of  an  equal  bulk  of  water, 
may  then  be  proved  by  filling  the  bucket  to  the  brim, 
vhereupon  the  equilibrium  will  be  restored. 

8« 


9-33 
=  10  623 


«t 


r=^ 
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Fig.  6. 


...a 


The  coneideration  of  the  great  hydrostatic  law  of  fluid  pressure  easily 
proves  the  truth  of  the  principle  laid  down.  Let  the  reader  figure  to 
himself  a  vessel  of  virater,  having  immersed  in  it  a  solid  cylindrical  or  rec- 
tangular body,  and  i<o  adjusted  with  respect  to  density,  that  it  shall  float 
indifferently  in  any  part  beneath  the  surface  (fig.  6.) 
Now  the  law  of  fluid  pressure  is  to  this  effect: 

The  pressure  exerted  by  a  fluid  on  any  point  of  the  containing  Tessel,  or 
on  any  point  of  a  body  immersed  beneath  its  surface,  is  dependent,  firstly, 
upon  the  density  of  the  fluid,  and,  secondly,  upon  the  vertical  depth  of  the 

point  in  question  below  the  surface.  It  is  independent 
of  the  form  and  lateral  dimen;*ion8  of  the  vessel  or 
immersed  body.  Moreover,  owing  to  the  peculiar 
physical  constitution  of  fluids,  this  pressure  is  exerted 
in  every  direction,  upward,  downward,  and  laterally, 
with  equal  force. 

The  floating  body  is  in  a  state  of  equilibrium ;  there- 
fore the  pressure  downward  caused  by  its  gravitation 
must  be  exactly  compensated  by  the  upward  trans- 
mitted pressure  of  the  column  of  water  a,  b.  But  this 
pressure  downward  is  obviously  equal  to  the  weight 
of  an  equal  quantity  of  water,  since  the  body  of  neces- 
sity displaces  its  own  bulk.  Hence  the  weight  which 
a  body  loses  when  immersed  in,  or  floated  on  water,  is  equal  to  the  weight 
of  the  Tolume  of  water  displaced  by  that  body. 

Whatever  be  the  density  of  the  substance,  it  will  be  buoyed  up  to  this 
amount :  in  the  case  supposed,  the  buoyancy  is  equal  to  the  whole  weight 
of  the  body,  which  is  thus,  while  in  the  water,  reduced  to  nothing. 

A  little  reflection  will  show  that  the  same  reasoning 
may  be  applied  to  a  body  of  irregular  form ;  besides,  a 
solid  of  any  figure  may  be  divided  by  the  imagination 
into  a  multitude  of  little  perpendicular  prisms  or  cylin- 
ders, to  each  of  which  the  argument  may  be  applied. 
What  is  true  of  each  individually  must  necessarily  be  true 
of  the  whole  together. 

This  is  the  fundamental  principle;  its  application  is 
made  in  the  following  manner: — Let  it  be  required,  for 
example,  to  know  the  specific  gravity  of  a  body  of 
extremely  irregular  form,  as  a  small  group  of  rock  crys- 
tals: the  first  part  of  the  operation  consists  in  determining 
its  absolute  weight,  or,  more  correctly  speaking,  its  weight 
in  air;  it  is  next  suspended  from  the  balance-pan  by  a 
fine  horsehair,  immersed  completely  in  pure  water  at 
15-5°,  and  again  weighed.  It  now  weighs  less,  the  dif- 
ference being  the  weight  of  the  water  it  displaces,  that 
is,  the  weight  of  an  equal  bulk.  This  being  known, 
nothing  more  is  required  than  to  find,  by  division,  how 
many  times  the  latter  number  is  contained  in  the  former; 
the  quotient  will  be  the  density,  water,  at  the  tempera- 
ture of  15-5°,  being  taken  =  1.     For  example : 


The  quartz-crystals  weigh  in  air 
When  immersed  in  water,  they  weigh 


293*7  grains. 
180-1 


it 


Difference,  being  the  weight  of  an  equal  volume  of  water     113-6       ^ 

293-7 

==2-59,  the  specific  gravity  required. 

113-6 


DENSITY   AND  SPECIFIC   GRAVITY. 


31 


The  rule  is  generally  thus  written :   "  Diride  the  weight  in  air  by  the 
1o<*s  nT  weight  in  water,  and  the  quotient  will  be  the  specific  j^  ^ 

gravity."  In  reality  it  is  not  the  weight  in  air  which  is 
required,  but  the  weight  the  body  would  have  in  empty 
space:  the  error  introduced,  namely,  the  weight  of  an 
equal  bulk  of  air  is  so  trifling,  that  it  is  usually  neglected. 

Sometimes  the  body  to  be  examined  is  lighter  than  water, 
and  floats.  In  this  case,  it  is  first  weighed,  and  afterwards 
attached  to  a  piece  of  metal  heavy  enough  to  sink  it,  and 
suspended  from  the  balance.  The  whole  is  then  exactly 
weighed,  immersed  in  water,  and  again  weighed.  The  dif- 
ference between  the  two  weighings  gives  the  weight  of  a 
quantity  of  water  equal  in  bulk  to  both  together.  The 
light  substance  is  then  detached,  and  the  same  operation  of 
weighing  in  air,  and  again  in  wnter,  repeated  on  the  piece 
of  metal.  These  data  give  the  means  of  finding  the  specific  gravity,  as 
will  be  at  once  seen  by  the  following  example : 


Light  substance  (a  piece  of  wax)  weighs  in  air 

Attached  to  a  piece  of  brass,  the  whole  now  weighs 
Immersed  in  water,  the  system  weighs 

Weight  of  water  equal  in  bulk  to  brass  and  wax 


188*7  grains. 


Weight  of  brass  in  air 
Weight  of  brass  in  water  . 


Weight  of  equal  bulk  of  water  . 

Bulk  of  water  equal  to  wax  and  brass 
Bulk  of  water  equal  to  brass  alone   . 

Bulk  of  water  equal  to  wax  alone 

138-7 

=  0-9698 

1893 


188-7 
88-8 


«4 


144-9       " 


60-0       " 
44-4       " 


6-6      " 


144-9       " 
6-6 


tt 


189-8       ** 


In  all  sncb  experiments  it  is  necessary  to  pay  attention  to  the  tempera- 
ture and  purity  of  the  water,  and  to  remove  with  great  care  all  adhering 
air-bubbles,*  otherwise  a  false  result  will  be  obtained. 

Other  cases  require  mention  in  which  these  operations  must  be  modified 
to  meet  particular  difficulties.  One  of  these  happens  when  the  substance 
is  dissolved  or  acted  upon  by  water.  The  difficulty  is  easily  overcome  by 
substituting  some  other  liquid  of  known  density  which  experience  shows  is 
without  action.  Alcohol  or  oil  of  turpentine  mny  generally  be  used  when 
water  is  inadmissible.  Suppose,  for  instance,  the  specific  gravity  of  crys- 
tallised sugar  is  required,  we  proceed  in  the  following  way:  The  specific 
gravity  of  the  oil  of  turpentine  is  first  carefully  determined ;  let  it  be  0*87 ; 
the  sugar  is  next  weighed  in  the  air,  then  suspended  by  a  horsehair,  and 
weighed  in  the  oil ;  the  difference  is  the  weight  of  an  equal  bulk  of  the  lat- 
ter; a  simple  calculation  gives  the  weight  of  a  corresponding  volume  of 
water :  — 


*A  fimplo  plnn  of  nvoldinic  altogether  the  ftdhmion  of  nir-bnhblefl,  which  often  aro  imt  easily 
pereelTed.  consiHtH  In  hmlinsc  tlu>  water  to  ebnilition,  introducing  tlie  body  wldtli  han  Ix'i'U 
w<»ighed  in  the  air  iiiio  ttie  (ttill  boiling  tirater,  which  in  Uien  allowed  to  cool  tu  15-5°,  whcu  tho 
ncoJMl  weii^ung  !•  pvrformed. 


82 


DENSITY   AND   SPBCIPIC    GRAVITY. 


Weight  of  sugar  in  air 400     grains. 

Weight  of  sugar  in  oil  of  turpentine      ....     182*5      ** 

Weight  of  equal  bulk  of  oil  of  turpentine    .         .         .     217*5       " 

87  :  100=217-6  :  250, 
the  weight  of  an  equal  bulk  of  water;  hence  the  specific  graTity  of  the 
sugar,— 

400 

=1*6. 

250 


If  the  substance  to  be  examined  consists  of  small  pieces,  or  of  powder, 
then  the  method  first  described,  namely,  that  of  the  specific-gravity  bottle, 
can  alone  be  used. 

By  this  method  the  specific  gravities  of  metals  in  powder,  metallic  oxides, 
and  other  compounds,  and  salts  of  all  descriptions,  may  be  determined  with 
great  ease.  Oil  of  turpentine  may  be  used  with  most  soluble  salts.  The 
crystals  should  be  crushed  or  roughly  powdered  to  avoid  errors  arising 
from  cavities  in  their  substance. 

The  specific  gravity  of  a  solid  can  also  be  readily  found  by  immersing 
it  in  a  transparent  liquid,  the  density  of  which  has  been  so  adjusted  that 
the  solid  body  remains  indifferently  at  whatever  depth  it  may  be  placed. 
The  specific  gravity  of  the  liquid  must  now  be  determined,  and  it  will,  of 
course,  be  the  same  as  that  of  the  solid.  It  is  necessary  that  the  liquid 
chosen  for  this  experiment  do  not  dissolve  or  in  any  wny  act  upon  the  solid. 
Solutions  of  mercuric  nitrate,  or  corrosive  sublimate,  can  be  used  for 
bodies  heavier  than  water,  while  certain  oils,  and  essences,  and  mixtures 
of  alcohol  and  water,  can  be  conveniently  employed  for  such  substances  as 
have  a  lower  specific  g^ravity  than  water.  This  method  is  not  only  adapted 
to  the  exact  determination  of  specific  gravities,  but  al^o  serves  in  many 
cases  as  a  means  of  readily  distinguishing  substances  much  resembling  one 
another.  Suppose,  for  instance,  a  solution  of  mercuric  nitrate  to  have  a 
specific  gravity  8;  a  red  amethyst  (2*67)  will  then  float  upon,  and  a  topax 
of  the  same  color  (3-55)  will  sink  in  this  liquid. 

The  theorem  of  Archimedes  affords  the 
key  to  the  general  doctrine  of  the  equili- 
brium of  floating  bodies,  of  which  an 
application  is  made  in  the  common  hydro- 
meter,—  an  instrument  for  finding  the 
specific  gravities  of  liquids  in  a  very  easy 
and  expeditious  manner. 

When  a  solid  body  is  placed  upon  the 
surface  of  a  liquicT  specifically  heavier 
than  itself,  it  sinks  down  until  it  displaces  a  quan- 
tity of  liquid  equal  to  its  own  weight,  at  which  point 
it  floats.  Thus,  in  the  case  of  a  substance  floating 
in  water,  whose  specific  weight  is  one  half  that  of 
the  liquid,  the  position  of  equilibrium  will  involve 
the  immersion  of  one  half  of  the  body,  inasmuch  as 
its  whole  weight  is  counterpoised  by  a  quantity  of 
water  equal  to  half  its  volume.  If  the  same  body 
were  put  into  a  liquid  of  one  half  the  specific  gravity 
of  water,  if  such  could  be  found,  it  would  then  sink 
beneath  the  surface,  and  remain  indifferently  in  any 
part.  A  floating  body  of  known  specific  gravity  may 
thus  be  used  as  an  indicator  of  the  specific  gravity  of  a  liquid.  In  this 
manner  little  glass  beads  (fig.  8)  of  known  spooific  gravities  are  some- 
times employed   in  the  arts  to   ascertain   in  a  rude  manner  the   specific 


ng.S, 


Fig.  9, 
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fraritj  of  liquids ;  Ihe  oq«  lh»t  floats  indifFerenll;  benekth  the  surface, 
withaul  eilber  sinking  or  rising,  has  of  course  Ihe  same  speoiRc  gTarily  ■■ 
Ihe  liquid  ilself :   this  is  pointed  out  by  the  number  marked  upon  the  bvad. 

The  hydrometer  (fig.  9)  in  general  use  connisls  of  ■  floaling  Tessel  of 
Ibin  metal  or  gloss.  haiiDg  a  weight  beneath  to  maiDlain  it  in  an  upright 
position,  and  n  stem  nboTe  bearing  a  divided  scale  The  UK*  of  the  instru- 
ment is  Terj  simple.  The  liquid  to  ba  tried  is  put  into  a  small  narrow 
jar,  and  the  instrument  floated  in  it.  It  is  abtious  (bat,  the  denaer  tha 
liquid,  (he  higher  will  the  hjdrometer  float, because  a  smaller  displacement 
of  liquid  vill  counterbalance  its  weight.  For  Ihe  game  reason,  in  ■  liquid 
of  less  density,  il  ginks  deeper.  Tbe  hydrometer  comes  to  rest  almost  im- 
mediately, and  tben  the  mark  on  the  sl«m  at  (he  fluid-leyel  may  be  read  ofF. 

Very  ezteasiie  use  is  made  of  instruments  of  this  kind  in  Ihs  arts;  they 
sometimes  bear  different  names,  according  (o  the  kind  of  liquid  for  which 
they  are  intended ;  but  (he  principle  is  (he  same  in  all.  The  graduation 
19  tery  commonly  arbitrary,  two  or  three  different  scales  being  unforlu- 
nalelj  used.  These  may  be  sometimes  reduced,  however,  to  the  true  num- 
bers ezpreasing  the  specific  gravity  by  the  aid  of  tables  of  oompariMD 
drawn  up  for  the  purpose.     (Sn  ArpiNDix.) 

Tables  are  likewise  used  to  reduce  Ihe  readings  of  the  hydrometer  at 
any  temperature  to  those  of  the  normal  temperature. 

The  division  of  Ihe  instrument  from  below,  upward,  into  100  parts,  is 
mach  (0  be  preferred  lo  these  arbitrary  scales.  Half  of  (hese  divisions  must 
be  made  upon  the  stem.  The  lOOth  division  indicates  the  point  of  immer- 
sion in  distilled  water  at  16-6°  C.  (fX)"  Fahr.)  If  in  another  liquid  Ihe 
inalrumenl  sinks  less  deeply,  for  eiample  to  60.  then  60  volumes  of  this 
liquid  weigh  as  much  as  IIMJ  volumes  of  water.  Hence  tbe  weight  of  100 
•clumes,  that  is,  the  specific  gravily,  is  t,<y>  =  1  '67.  By  this  arrangement 
or  the  scale,  it  is  evident  tbst  the  reduction  of  the  specifio  gravity  is  so 
linipte  that  no  tables  are  required. 

A  very  oonvenient  and  useful  instrument  in  the  shape  of  a  small  hydro- 
meter, for  taking  the  specific  gravity  of  urine,  has  been  put  into  the  hands 
of  (he  physician;*  it  may  be  packed  into  a  pocket-case,  with  ■  little  jar 
and  A  tbertnometer,  and  is  always  ready  for  use.-f- 


[*Tbfl  ^ndiutkm  of  Ihr  qrihomrter  In  rnch  Ihat  otch  itpirree  rf|irWDtH  1-lOOn.  (hm  gittnc 
tb-vLiul  Bp^lflr  EFnrltj  virb'pqt  I'ntrntnllnii,  tiff  th«'  nuiiiUTof  ili^Ti^v  on  the  Bcnle  ml  by 
tbi' ■nrfkc*  of  l]i«  li'llHi]  wIk^h  IIiIv  Invtriimi'iit  ittmt  mt.  milled  tu  IIHIO,  will  rrprfAenl  Iho  dm- 
"IJ  -r  Ibx  liqnlil.  it.  Ihr  i-Mmpli-.  Ih»  iiirRiH  or  tlie  liquid  iwinclili'  wllb  IK  nn  th>  K*]«,  IhB 
tfAlk  xniitr  will  hr  \tm  ■!""«  Ihi-  htp™!!-  itrn-itr  nt  i.milll.v  urin..  —  "    B-l  ,,,^ 
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The  determination  of  the  specific  grayity  of  gases  and  vapors  of  Tolatile 
liquids  is  a  problem  of  very  great  practical  importance  to  the  chemist:  the 
theory  of  the  operation  is  as  simple  as  when  liquids  themselves  are  con> 
cerned,  but  the  processes  are  much  more  delicate,  and  inToWe  besides  cer- 
tain corrections  for  differences  of  temperature  and  pressure,  founded  on 
principles  yet  to  be  discussed.  It  will  be  proper  to  defer  the  considerations 
of  these  matters  for  the  present.  The  method  of  determining  the  specific 
gravity  of  a  gas  will  be  found  described  under  the  head  of  Oxygen,  and 
that  of  the  vapor  of  a  volatile  liquid  in  the  Introduction  to  Organic 
Chemistry. 

in  the  text.  It  resnlts  ftx>m  the  theorem  of  Archf medeii,  that  if  iiiiy  notld  be  ImmerMd  in  water 
and  then  in  any  other  liquid,  the  loea  of  weight  sutitninMl  in  ench  CHse  will  give  the  relative 
weifrhts  of  equal  bulks  of  the  liquids,  and  on  dividing  th«*  weigiit  of  the  liquid  hj  the  weight 
of  tho  water,  the  quotient  will  lie  the  epeciflc  gravity  of  the  liquid  experimented  on.  For  in- 
stance, let  a  piece  of  glaw  rod  (fig.  10)  l>e  Bunpeuded  from  the  balance  pan  and  exactly  oonnter- 
poised,  then  Imroente  it  in  water  and  restore  the  equipoise  by  weights  addini  to  thr  pan  to  which 
the  glHSS  is  suspended,  the  amount  will  give  the  loss  of  weight  by  inimorslon  or  the  weight  of  a 
bulk  of  water  equal  to  that  of  the  stopper.  Now  wipe  the  glass  dry,  and  having  removed 
the  additional  weights,  immerse  it  in  the  other  liquid,  and  restore  the  equipoise  as  before;  this 
latter  wnight  is  the  weight  of  a  bulk  of  the  liquid  equsl  to  that  of  the  water.  The  latter  divided 
by  the  former  gives  the  specific  gravity.    For  example  :— 

The  glass  stopper  loses  by  immersion  in  water 171  grains. 

The  glass  stopper  loses  by  immersion  in  alcohol         ....••       143       ** 

^^  =  JSfi,  the  •pedllc  gravity  required.— B.  B.] 


OP  THE  PHYSICAL  CONSTTTOTIOlf  OP  THE  ATMOS- 
PHERE AND  OF  GASES  IN  GENERAL. 

IT  requires  Bome  little  kbatrsction  of  mind  to  realiie  completely  llie  coo- 
dittoD  in  which  all  things  Bt  the  BnrTtce  of  the  earth  ^xist.  We  IWe  at 
the  boliom  of  an  immense  ocean  of  gaseous  matter,  vbich  eovelopa  every- 
thing, aiiii  presses  upon  eierything  with  a  force  which  appears,  at  first 
sight,  perfectly  incredible,  but  whose  actual  amount  admits  of  easy  proof. 

Qravitj  being,  so  far  as  is  known,  common  to  all  matter,  it  is  natural  to 
expect  that  gases,  being  material  substancea^  should  be  acted  upon  by  the 
earth's  attraction,  as  well  as  solids  and  liquids.  This  is  really  the  case, 
and  the  result  is  the  weight  or  pressure  of  the  atmosphere,  which  is  noth- 
ing more  than  the  effect  of  the  attraction  of  (he  earth  on  the  particles  of  air. 

Before  describing  the  leading  pheuomena  of  the  atmospheric  pressure,  it 
is  necessary  to  notice  one  very  remarkable  feature  iu  the  physical  consti- 
Intion  of  gases,  upon  which  depends  the  principle  of  an  extremely  Tsluable 
instrument,  the  air-pump. 

Gases  are  in  the  highest  degree  elastic:  the  volume  or  space  which  a  gas 
occupies  dependa  upon  the  pressure  exerted  upon  iL  Let  the  reader  imagine 
a  cylinder,  a,  closed  at  the  bottom,  in  which  rvt,  13. 

■light,  1    ■■    - 


B  called,  of  the  included  tiir  or  g 
will  immediately  force  up  the  piston  until  it  i 
rivGB  at  its  first  position. 

Again,  take  Sg.  12.  b,  and  suppose  the  pisi 
to  stand  about  the  middle  of  the  cylinder.baii 
air  beneath  in  its  usual  state.  If  the  piston  be 
now  drawn  upward,  the  air  below  will  expand, 
so  as  to  fill  completely  the  increased  space,  and  ' 
this  to  an  apparently  unlimited  eilenl.  A  volume  of  air,  which,  under 
ordinary  circumslances,  occupies  the  bulk  of  a  cubic  inch,  might,  by  the 
removal  of  the  pressure  upon  it.  be  made  to  expand  to  the  capacity  of  a 
whole  room,  white  a  renewal  of  the  former  pressure  would  be  attended  by 
a  shrinking  down  of  the  air  to  its  former  bulk.  The  smallest  portion  of 
gas  introduced  into  a  larjce  exhausted  vessel  bocomes  at  once  diffused 
through  the  whole  spaoe,  an  equal  qnanlily  being  present  in  e»ery  part; 
Ihe  vessel  it/iill,  although  the  gas  is  in  a  state  of  extreme  tenuity.  This 
power  of  expansion  which  air  possesses  may  have,  and  probably  has,  in 
reality,  a  limit;  but  the  limit  is  never  reached  in  practice.  We  are  quite 
safe  in  the  assumption  that  for  all  purposes  of  experiment,  however  refined, 
ur  is  perfectly  elastic. 

It  is  nsunl  to  assign  a  reason  for  this  indefinite  expansibility  by  ascribing 


36  PHTBICAL   CONSTITUTION 

to  the  pftrticlea  of  materi&l  bodicB.  when  a  in  gaaeous  atftte,  s  setf-repalaiTi 

■geno;.     Tbia  atstemcDt  is  commonl;  made  aomcwhat  in  Utis  inuiikcri 

Fiff.ia. 


matter  ia  onder  the  influtace  of  two  opposite  foroea,  one  of  which  tends  to 
draw  the  pnrticles  together,  the  other  lo  sep&rHte  them.  By  the  prepon- 
derance of  one  or  other  of  these  farces,  we  have  the  three  atatea  called 
solid,  liquid,  and  gaeeoua.  When  the  particlei  of  trailer,  in  congequence 
of  the  direction  and  atrenjilh  of  their  mutual  attractiona.  poaseaa  oul;  a 
ver;  slight  power  of  motion,  a  solid  substance  reaulta;  when  the  forcea 
are  nearly  balanced,  we  hare  a  liquid,  the  purticles  of  which  in  the  interior 
of  the  mass  are  free  to  move,  but  yet  to  a  certain  extent  are  held  together ; 
■nd  Uslly,  when  the  atlraclWe  power  seems  to  be  completelj  OTercome  by 
ita  antagonist,  we  haye  a  gaa  or  vapor. 

Tuioui  names  are  appUed  to  these  forces,  and  TarionB  ideae  entertained 
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coDcemiDg  them :  Ibe  AtlracliTe  forces  bear  tbe  name  of  cohesion  nhen  thrj 
are  exerled  betveen  psrticiee  oT  matter  eepsrated  bj  an  immeBBurall; 
small  inlerial.  anii  grftviiatlon  when  the  dietBDce  is  great.  The  repulBive 
principle  is  often  thought  to  be  identical  witb  the  principle  of  heut.  He 
ihall  return  to  this  BUbjeet  in  diacussiag  the  nature  of  heat.      [Ste  page  77  ) 

The  orJinarj  air-pump,  shown  in  nection  in  6g.  13,  ooDsisIs  eRSenllally 
of  a  metnllio  cylinder,  in  which  moTes  a  tightly  fitting  pislon,  by  the  aid 
of  its  rod.  The  bottom  of  the  cylinder  communicates  with  the  Teasel  lo  be 
exhausted,  and  is  furnished  with  a  TaWe  opening  upward.  A  similar 
TaWe.  also  opening  upward,  is  fitted  lo  the  piston ;  these  vsItcb  are  made 
with  slipa  of  oiled  silk.  When  the  piston  is  raised  from  Ihe  bottom  of  the 
cylinder,  the  space  left  beneath  it  must  be  void  of  air.  since  the  pialon- 
Talte  opens  only  in  one  direction;  the  air  within  Ihe  receiver  having  on 
thai  side  nolhing  to  oppose  its  elastic  power  but  the  weight  of  llie  little 
valve,  lifts  the  latter,  and  escapes  into  the  cylinder.  So  soon  as  Ihe  piston 
begina  to  descend,  ihc  lower  valve  closes,  by  its  own  weight,  or  by  the 
transmitted  pressure  from  above,  and  communication  with  the  receiver  is 
cut  off.  As  the  descent  of  the  piston  continues,  the  air  inclosed  in  the 
cylinder  becomes  compressed,  its  elasticity  is  increased,  and  at  length  it 
forces  open  the  upper  valve,  and  escapes  into  the  atmo-'phere.  In  this 
manner,  a  cylinder  full  of  air  is  at  every  stroke  of  the  pump  removed  from 
the  receiver.  During  the  descent  of  tbe  piaton.  the  upper  valve  remains 
open,  and  tbe  lower  closed,  and  Ihe  reverse  during  the  opposite  movement. 

Id  practice,  it  is  very  conveaient  lo  have  two  such  barrels  or  cylinders, 
arranged  side  by  side.  Ihe  pistnn-rods  of  which  are  formed  into  racks, 
havinn  a  pinion,  or  small-tonthed  wheel,  between  them,  moved  by  a  winch. 
By  this  contrivance  the  operation  of  exUausIion  is  much  fBcilitated  and 
the  labor  lessened.  The  arrangement  is  shown  in  lig,  14,  on  the  preceding 
page. 

A  simpler  form  of  air-pump    is   thus    constructed:    Ihe  cylinder,  which 
may  be  of  large  ditnensioas.   is   furnished  witb  nn  accurately  titled  solid 
piston,  tbe  rod  of  which  moves,  air-tight,  through  a  contrivance  called  a 
aluffing'boi.  at  the  top  of  tbe  cylinder,  where  also  the  only  valve  tttntint 
lo  the  apparatus  ia  to  be  found  :   the  latter  is  n  solid  conieal  plug  of  metitl, 
shown  at  a  in  the  tigure.  kept  tight  by  tbe  oil  contained  in 
the  chamber  into  which  it  opens.      The   communication  with         Fif.  It, 
tbe  vessel  to  be  exhausted  is  made  by  a  tube  which  enters 
the  ejlinder  a  little  above  the   bottom.     Tbe  action  ia  the 
following;   let  the  piston   be    supposed  in  the  act  of  rising 
from  the  bottom  of  the  cylinder;   ns  soon  as  it  passes  the 
mouth  of  the  tube  t,  all  communicalinn  is  stopped  between 
the  air  above  the  piston  and  the  vessel  I o  be  exhausted ;  the 
inclosed  air  suffers  compression  until  il  acquires  sufficienl 
elaeiieily  lo  lift  the  metal  valve  and  escape  by  bubbling 
through  the  oil.      When   the   piston    makes  its  descenl.  and  c 
this  valve  closes,  a  vacuum  is  left  in  Ihe  upper  part  of  the 
cylinder,  into  which  the  air  in   the  receiver  rushes  BO  soon 
OS  the  piston  has  passed  below  the  orifice  of  the  connecting 

In  the  silk-vnlved  air-pump,  eihauslion  ceases  when  the 
elasticity  of  the  air  in  ihe  receiver  becomes  loo  feeble  to 
raise  the  valve:  in  that  last  described  the  exhau-lion  may, 
on  tbe  contrnry.  be  carried  to  an  indefinite  extent,  without, 
however,  under  tbe  moat  favorable  circumstances,  be- 
coming complete.  The  conical  valve  is  made  lo  project 
a  little  below  the  cover  of  the  cylinder,  so  as  to  be  forced 
up  by  the  piston  when  Ihe  latter  reaches   the  top  of  the 
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ejlinder;  the  oil  then  eotan  and  diaplacei  any  air  Ihat  maj  b«  lurking  in 
the  caTity. 

to  the  DiachiDe  to   supply  the  piston  n-iih    > 
this  may  alno  be  of  roeinl,  and   coDUined 
wilhiD  the  body  of  the  piBtoD.     Ila  use   i^ 
^■l*-  to  «Toid  the  momenUry   condfUMlion    of 

the  air  in  the  receiTer  when  [he  pisloo  ile- 
■oenda.  The  pump  is  worked  by  a  leTer  iu 
the  m»naer  repreBeoled  in  figure  16. 

The  air-puDip  may  be  used  for  condeoa- 
iog  iDBlend  of  for  rarefying  the  air.  If  the 
cylinder  (fig.  15)  is  filled  with  air  from  tfa« 
opening  {Ij,  it  may  be  forced  by  the  rise  of 
the  piston  through  the  TaNe  (a)  into  a 
eomuiunicating  chamber,  and  this  operation 
may  be  frequently  repealed. 

teBses  weight:  a  light  fla^k  or  globe  of 
glaaa,  furniebed  with  ■  stopcock  and  ez- 
hauBled  by  the  air-pump,  weighs  eonaider- 
ably  less  than  when  full  of  air.  If  th« 
oapKcity  of  the  Teesel  be  equal  to  300 
cubic  inches,  this  differeuoe  may  amount 
to  nearly  30  grains. 

The  mere  fact  of  th«  pressure  of  the  at- 
mosphere may  be  demonstrated  by  securely 
tying  a  piece  of  bladder  OTsr  the  mouth  of 
an  open  glass  Teceiver,  and  then  eibauatiog 
the  air  from  beneath  it;   the  bladder  will 
become  more  and  more  concave,  until   it 
suddenly  brenks.     A  thin  square  glass  bot- 
tle,  or  a  large  Hir-tight   tin  box,  may  be 
crushed  by  withdrawing  the  support  of  the 
air  in  the  inside.     Steam-boilers  hare  been 
j    often  destroyed  in  this  matiner  by  collapse, 
in  consequence  of  the  accidental  formation 
I    of  a  pBrtial  laouum  within. 
:        After  what  has  been  said  on  the  sul^ject  of 
I    fluid  pressure,  it  will  scarcely  be  necessary 
to  obserre  that  the  law  of  equality  of  pres- 
I    sure  in  all  directions  also  holds  good  in  the 
y  case  of  the  ataiosphere.     The  perfect  mo- 
bility of  the   particles  of   air  permits  the 
transmission   of    the   force    geue rated   hy 
their  gravity.     The  sides  and  bottom  nf 
an  eihausled  Tessel  are  pressed  upon  u.iu 
aa  much  force  as  ilie  top. 
If  a  glnfis  tube  of  considerable  length 
eoold  be  perfectly  exhausted  of  air,  and  Iben  held  in  nn  upright  position, 
with  one  of  its  endu  dipping  into  a  Tessel  of  liquid,  the  latter,  on  being 
allowed  acceiB  to  the  tube,  would  rise  in  its  interior  until  the  weight  of 
the  column  bnlanced  (he  pressure  of  the  air  upon  the  surface  of  the  liquid. 
Now,  if  the  denMl;  of  this  liquid  were  known,  and  (he  height  and  area  of 
the  column  measured,  means  would  be  furnished  for  einclly  eslinialiug  the 
amount  of  pressure  exerted  by  the  aimospbere.    8uch  an  iDstrumenl  is  the 
barometeri  a  straight  glass  tube  is  taken,  about  36  inches  in  length,  and 
aealed  by  the  blowpipe  flame  al  one  extremity;  it  is  then  filled  with  elean, 
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Fig.n, 


dry  mercury,  care  being  taken  to  displace  all  air-bubbles,  the  open  end 
stopped  with  a  finger,  and  the  tube  inverted  in  the  basin  of  mercury.  On 
retnoTing  the  finger,  the  fluid  Sinks  away  from  the  top  of  the  tube,  until  it 
stands  at  the  height  of  about  30  inches  above  the  level  of  that  in  the  basin. 
Here  it  remains  supported  by,  and  balancing  the  atmospheric  pressure, 
the  space  above  the  mercury  in  the  tube  being  of  necessity  empty. 

The  pressure  of  the  atmosphere  is  thus  seen  to  be  capable 
of  sustaining  a  column  of  mercury  30  inches  in  height,  or 
thereabouts:  now  such  a  column,  having  an  area  of  one  inch, 
weighs  between  14  and  15  pounds:  consequently  such  must 
be  the  amount  of  the  pressure  exerted  upon  every  square  inch 
of  the  surface  of  the  earth,  and  of  the  objects  situated  thereon, 
at  least  near  the  level  of  the  sea.  This  enormous  force  is 
borne  without  inconvenience  by  the  animal  frame,  by  reason 
of  its  perfect  uniformity  in  every  direction ;  and  it  may  be 
doubled,  or  even  tripled,  without  injury. 

A  barometer  may  be  constructed  with  other  liquids  besides 
mercury ;  but  as  the  height  of  the  column  must  always  bear 
an  inverse  proportion  to  the  density  of  the  liquid,  the  length 
of  tube  required  will  be  often  considerable ;  in  the  case  of 
water  it  will  exceed  83  feet.  It  is  seldom  that  any  other  liquid 
than  mercury  is  employed  in  the  construction  of  this  instru- 
ment. The  Royal  Society  of  London  possessed  a  water  barom- 
eter at  their  apartments  at  Somerset  House.  Its  construction 
WAS  attended  with  great  difiiculties,  and  it  was  found  impos- 
sible to  keep  it  in  repair. 

It  will  now  be  necessary  to  consider  a  most  important  law 
which  connects  the  volume  occupied  by  a  gas  with  the  pressure 
made  upon  it,  and  is  thus  expressed: 

The  volume  of  gas  is  invertely  as  the  pressure ;  the  density 

and  elastic  force  are  direeUy  as  the  pressure,  and  inversely 

as  the  volume. 

For  instance,  100  cubic  inches  of  gas  under  a  pressure  of 

30  inches  of  mercury  would  expand  to  200  cubic  inches  were 

the  pressure  reduced  to  one  half,  and  shrink,  on  the  contrary, 

to  50  cubic  inches  if  the  original  pressure  were  doubled.    The 

change  of  density  must  necessarily  be  in  the  inverse  proportion 

to  that  of  the  volume,  and  the  elastic  force  follows  the  same 

rule. 

This,  which  is  usually  called  the  law  of  Mariotte,  though 
really  discovered  by  Boyle  (1661),  is  easily  demonstrable  by 
direct  experiment.  A  glass  tube,  about  7  feet  in  length,  is 
closed  at  one  end,  and  bent  into  the  form  represented  in  fig.  18,  the  open 
limb  of  the  syphon  being  the  longer.  It  is  next  attached  to  a  board  fur- 
nished with  a  movable  scale  of  inches,  and  enough  mercury  is  introduced 
to  fill  the  bend,  the  level  being  evenly  adjusted,  and  marked  upon  the 
board.  Mercury  is  now  poured  into  the  tube  until  it  is  found  that  the 
inclosed  air  has  been  reduced  to  one  half  of  its  former  volume ;  and  on 
applying  the  scale,  it  will  be  found  that  the  level  of  the  mercury  in  the 
open  part  of  the  tube  stands  very  nearly  30  inches  above  that  in  the  closed 
portion.  The  pressure  of  an  additional  "atmosphere'*  has  consequently 
reduced  the  bulk  of  the  contained  air  to  one  half.  If  the  experiment  be 
still  continued  until  the  volume  of  air  is  reduced  to  a  third,  it  will  be 
found  that  the  column  measures  60  inches,  and  so  in  like  proportion  as 
far  as  the  experiment  is  carried. 

The  above  instrument  is  better  adapted  for  illustration  of  the  principle 
than  for  furnishing  rigorous  proof  of  the  law;  this  has,  however,  been 
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done.  M)l.  Arngo  nnd  Dulong  published,  in  the  jemr  1680,  id  iccoiiDt  of 
oertaiD  eiperimpntB  msde  bj  Ihem  in  Paris,  in  whicb  Ibe  law  in  queslion 
had  been  verified  to  the  eilenl  of  27  alinDBphercs.  And  with  ru-elied  air, 
of  whateTer  degree  of  rarefiialion.  Ibe  law  ha»  been  found  true. 

All   gnees   are   alike   subject   to   this  law,  and   all 
Kff.K.  Tnpors   of    Tolalile   liquids,   when  remote  from  Iheir 

poinlB  of  liquefaction.*  It  is  a  matter  of  the  greatest 
impurrance  in  practical  chemistrj',  gince  it  giTes  Ibe 
means  of  making  correction*  for  pressure,  or  deter- 
mining bj  calculation  tlie  ohange  of  Tolutne  which  a 
gas  would  suffer  by  any  given  change  of  external 
pressure. 

Let  il  be  required,  for  example,  to  aoWe  (he  rollov- 
ing  problem?  We  have  100  cubic  inches  of  gas  in  a 
graduated  jar,  the  barometer  slanding  at  '29  inches; 
how  many  cubic  inches  will  it  occupy  when  Ibe  column 

as  the  pressure;  consequently  a  change  of  pressure 
in  the  proportion  of  29  to  .10  musl  be  accompanied  by 
a  change  of  volume  in  the  proportion  of  30  to  ^9.  the 
80  cubic  inches  of  gas  contracting  to  29  cubic  inches 
under  the  condilions  imagined.    Ueoce  the  answer: 

30  :  29  =  100  :   90  67  cubic  incbes. 
The  reverse  of  the   operalion  will  be  obvious.      The 
pupil  will  do  well  lo  familiariie  himself  with  the   sim- 
ple calculations  of  correction  for  pressure. 

From  what  has  been  said  respecting  the  eary  com- 
pressihilily  of  gases,  it  will  be  at  once  seen  that  the 
atmosphere  cannot  have  the  same  density,  and  cannot 
exert  equal  pressures  at  different  elevations  above  (he 
sen-level,  but  Ibat,  on  the  contrary,  these  musl  dimin- 
ish with  (he  altitude,  and  very  rapidly.  The  lower 
Btrala  of  air  have  to  bear  the  weight  of  those  above 
them:  ihey  become,  in  consequence,  denser  and  more 
compressed  than  the  upper  portions.  The  following 
(able,  which  is  taken  from  Prof.  Graham's  work. 
shows  in  a  very  simple  manner  the  rule  followed  in 

II*l||ht  itlioTe  lbs  Hel«bl  of  hamraattr, 

■€■,  In  idILh.  VolDIns  of  ulr.  in  Inchn. 

0  ...       1     ...     80 

2-705         .         .  2         .         .         15 


10-82       .  .  .      18     .  .  .        1-876 

13-525         .         .        32         ,         .  0-0375 

16-28      .         .         .64.         .         .      0-46875 

The  numbers  in  the  first  column  form  an  arilhmtlical  series,  by  the  con- 
stant addition  of  2<70-i:  those  in  the  second  column  an  increasing  geomil- 
rical  series,  each  being  double  lis  predecessor:  and  those  in  the  (bird,  a 
decreasing  geometrical  series,  in  which  each  number  is  the  half  of  that 
.UmJinj  .bov.  il. 
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In  ascending  iolo  the  air  in  a  balloon,  these  effecra  are  veil  obserTed; 
Ihe  eipaiiaion  of  Ibe  gas  wilhin  (he  machine,  and  the  fall  of  the  mercur/ 
in  the  barometer,  iooa  iadjoats  to  tbe  voyager  the  fact  of  hia  baring  left 
below  him  a  cunaidarable  part  of  the  whole  atmosphere. 

The  laTenliun  of  the  barometer,  which  took  place  in  tbe 
;e;ir  IHlll,  by  Tordcelli,  a  pupil  of  the  celebrated  Galileo,  Kg-lt. 
speedily  led  to  tbe  obaenatian  that  the  atmoapheric  pressure 
ai  tbe  same  level  is  not  ounslatil,  but  posBesses,  on  Ihe  eon- 
Irsry,  n  small  range  of  varialion,  seldom  exceeding  in  Europe 
2  or  2-i>  inches,  and  within  the  tropica  uauHtl;  confined  within 
much  narrower  limits.  Two  kitiijs  of  Tariations  are  dintin- 
giiisbed:  regular  or  horarj.  and  irregular  or  accidental.  It 
baa  been  obsened  that  in  Europe  the  height  of  the  barometer 
is  greatest  at  two  periods  in  the  twem^-four  hours,  depending 
upon  the  season.  In  winter,  the  Sr»t  maximum  Ukes  place 
about  9  A.  M.,  the  first  minimum  at  3  p.  K.,  after  which  the 
mercury  again  rlaps  and  attains  its  greatest  eleration  at  9  in 
the  CTeniog:  in  summer  these  hours  of  Ihe  aSrisI  tides  are 
somewhat  altered.  The  accidental  variations  are  much  greater 
in  aniDiint.  and  render  it  extremely  difficult  to  trace  the  regu- 
lar changes  above  mentioned. 

The  bnrometer  is  applied  with  great  adTantage  to  the  mea- 
surement of  acoeasible  heights,  and  it  is  also  in  daily  use  for 
foretelling  the  state  of  the  weather ;  its  indications  are  in  this 
respect  extremely  deceptive,  except  in  the  caae  of  sudden  and 
violent  Btorma,  which  are  almost  alwaja  preceded  by  a  rapid 
fall  in  Ihe  mercurial  column.  It  is  often  extremely  useful  in 
this  respect  at  sea 

To  the  practical  ohemist  a  moderately  good  barometer  it  an 
indispensable  article,  since  in  all  experiments  in  which  volumes 
of  gasea  are  to  be  eatimnted,  an  account  must  be  taken  of  tbe 
atmaspherio  pressure.  Fig.  19  represents  a  very  oonvenient 
and  eeonomical  syphon-barometer  for  this  purpose.  A  piece 
of  new  and  stout  tub?,  of  about  one  third  of  an  inch  in  diam- 
eter, is  procured  at  the  glnas-houae,  sealed  at  one  exiremitj, 
and  bent  into  Ihe  syphon-form,  as  represented.  Pure  and 
warm  mercury  ia  next  introduced  by  successive  portions  until 
the  tube  ia  completely  filled,  and  tbe  latter  being  held  in  an 
upright  position,  tbe  level  of  the  metal  in  the  lower  and  open 
limb  is  conveniently  adjusted  by  displacing  a  portion  with  a 
sliclc  or  glass  rod.  Tbe  barometer  is,  lastly,  attached  to  t, 
board,  and  furnished  with  a  long  scale,  made  to  slide,  which 
may  be  of  boi-wood.  with  a  slip  of  ivory  at  each  end.  When 
so  obaeryatioQ  is  to  be  taken,  the  lower  extremity  or  lero  of 
the  scnle  is  placed  exactly  even  with  the  mercury  in  the  short 
limb,  and  then  the  height  of  the  column  is  at  onoe  read  off. 


HEAT. 

IT  will  be  ooDTenient  to  consider  the  subject  of  hekt  under  sererm]  mo- 
tioQB,  and  in  the  follnwing  order: — 

1.  Expaniion  of  bodies,  or  effects  of  Tariations  of  temperature  in  alter- 

ing their  dimenBioDB. 

2.  Conduction,  or  traDsmission  of  heat. 

5.  Change  of  stale. 
4.  SpeciGc  heat. 

6,  Sources  of  beat. 

G.  Djnamical  tbeorj  of  beat. 

The  phenomena  of  radialion  most  ba  deferred  until  a  aketch  bas  been 
given  of  tbe  science  of  light. 

EXFANSIOH. 

If  a  bar  of  metal  of  sucb  mafcnilude  as  to  fit  acauralel;  to  a  gange,  vhvn 
cold,  be  bested  considerablj,  and  again  applied  to  tlie  gauge,  it  mil  lie  found 
to  have  become  enlarged  in  all  Its  dimeUHionB.  When  cold,  it  will  oacn 
more  enter  the  gauge. 

Again,  if  a  quantity  of  liquid  contained  in  a  glass  bulb,  furnighed  with 
a  narrow  neck,  be  plunged  into  hot  water,  or  eiposed  to  any  other  source 
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liquid  will  mount  in  tbe  stem,  ehowiag  that  its  volume  baa 
sased.  The  bulb,  however,  has  likewise  expanded  by  the  heat, 
pacily  baa  consequently  been  augmenled.  The  rise  of  the  liquid 
e,  therefore,  denotes  Ihe  difference  between  these  two  cipaneions. 
L  portion  of  air  be  confined  in  any  vessel,  the  application  of  a 
;rBB  of  beat  will  suffice  lo  make  it  occupy  a  space  aensibly  larger. 
oal  general  of  all  the  effects  of  heat  furnisbes  in  the  ontaet  % 
by  Ihe  aid  of  wbieb  an  instrument  can  be  constructed  capable 
cogniianee  of  changes  of  temperature  in  a  manner  equally  ao- 
'     '     "   ;h  an  instrument  ie  the  thermometer. 
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other  somewhat  drawn  out,  and  iefb  open.  The  bnlb  is  now  cautiously 
heated  by  a  spirit-lamp,  and  the  open  extremity  plunged  into  a  vessel  of 
mercury,  a  portiun  of  which  rises  into  the  bulb  when  the  latter  cools, 
replacing  the  air  which  had  been  expanded  and  driven  out  by  the  heat. 
By  again  applying  the  flame,  and  causing  this  mercury  to  boil,  the  remain- 
der of  the  air  is  easily  expelled,  and  the  whole  space  filled  with  mercurial 
vapor.  The  open  end  of  the  tube  must  now  be  immediately  plunged  into 
the  vessel  filled  with  mercury;  as  the  metallic  vapors  condense,  the  pres- 
sure  of  the  external  air  forces  the  liquid  metal  into  the  instrument,  until 
finally  the  tube  is  completely  filled  with  mercury.  The  thermometer  thus 
filled  is  now  to  be  heated  until  so  much  mercury  has  been  driven  out  by 
the  expansion  of  the  remainder,  that  its  level  in  the  tube  shall  stand  at 
common  temperatures  at  the  point  required.  This  being  satisfactorily 
adjur^ted,  the  heat  is  once  more  applied,  until  the  column  rises  quite  to  the 
top;  and  then  the  extremity  of  the  tube  is  hermetically 
sealed  by  the  blowpipe.  The  retraction  of  the  mercury 
on  cooling  now  leaves  an  empty  space,  which  is  essen- 
tial to  the  perfection  of  the  instrument. 

The  thermometer  has  yet  to  be  graduated;  and  to 
make  its  indications  comparable  with  those  of  other 
instruments,  a  scale,  having  at  the  least  two  fixed 
points,  must  be  adapted  to  it. 

It  h;is  been  observed,  that  the  temperature  of  melting 
ice,  that  is  to  say,  of  a  mixture  of  ice  and  water,  is 
always  constant ;  a  thermometer,  already  graduated, 
pluHi^ed  into  !<uch  a  mixture,  always  marks  the  same 
degree  of  temperature,  and  a  simple  tube  filled  in  the 
manner  described  and  so  treated,  exhibits  the  same 
effect  in  the  unchanged  height  of  the  little  mercurial 
column,  when  tried  from  day  to  day.  The  freezing- 
point  of  water,  or  melting-point  of  ice,  constitutes  then 
one  of  the  invariable  temperatures  demanded. 

Another  is  to  be  found  in  the  boiling-point  of  water,  or,  more  accurately, 
in  the  temperature  of  steam  which  rises  from  boiling  water.  In  order  to 
give  this  temperature,  which  remains  perfectly  constant  whilst  the  baro- 
metric pressure  is  constant,  to  the  mercury  of  the  thermometer,  distilled 
water  is  made  to  boil  in  a  glass  vessel  with  a  long  neck,  when  the  pressure 
is  at  80  inches  (fig.  23^.  The  thermometer  is  then  so  placed  that  all  the 
mercury  is  surrounded  with  steam.  It  quickly  rises  to  a  fixed  point,  and 
there  it  remains  as  long  as  the  water  boil:),  aud  the  height  of  the  barometer 
is  unchanged. 

The  tube  having  been  carefully  marked  with  a  file  at  these  two  points,  it 
remains  to  divide  the  interval  into  degrees:  this  division  is  eniirely  arbi- 
trary. The  scale  now  most  generally  employed  is  the  Centigrade,  in  which 
the  space  is  divided  into  100  parts,  the  zero  being  placed  at  the  freezing- 
point  of  water.  The  scale  is  continued  above  and  below  these  points, 
numbers  below  0  being  distinguished  by  the  negative  sign. 

In  England  the  division  of  Fahrenheit  is  still  in  use:  the  above-mentioned 
space  is  divided  into  180  degrees;  but  the  zero,  instead  of  starting  from 
the  freezing-point  of  water,  is  placed  82  degrees  below  it,  so  that  the  tem- 
perature of  ebullition  is  expressed  by  212®. 

The  plan  of  Reaumur  is  nearly  confined  to  a  few  places  in  the  north  of 
Germany  and  to  Russia:  in  this  scale  the  freezing  point  of  water  is  made 
0<^,  and  the  boiling-point  80^ 

It  is  unfortunate  that  a  uniform  system  has  not  been  generally  adopted 
in  graduating  thermometers:  this  would  render  unnecessary  the  labor 
which  now  so  frequently  has  to  be  performed  of  translating  the  language 
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of  one  scale  into  that  of  another.  To  effect  this,  presents,  howerer,  no 
great  difficulty.  Let  it  be  required,  for  examplei  to  know  the  degree  of 
Fahrenheit's  scale  which  corresponds  to  60°  C. 

lOQo  C  -=  180°  F,  or  5°  C  =  9^  F. 
Consequently, 

6  :  9  =  GO  :  108. 

But  then,  as  Fahrenheit's  scale  commences  with  82°  instead  of  0°,  that 
number  must  be  added  to  the  result,  making  G0°  C  es  140°  F. 

The  rule  then  will  be  the  following: — To  convert  Centigrade  degrees 
into  Fahrenheit  degrees,  multiply  by  9,  divide  the  product  by  6.  and  add 
82;  to  convert  Fahrenheit  degrees  into  Centigrade  degrees,  subtract  32, 
multiply  by^  5,  and  divide  by  9. 

The  reduction  of  negntive  degrees,  or  those  below  sero  of  one  scale  into 
those  of  another  scale,  is  effected  in  the  same  way.  For  example,  to  con- 
vert—  16°  C.  into  degrees  of  Fahrenheit  — 

9 
We  have  — 15  X  —  +  82  =  —  27  +  82  =  +  5  F. 

6 

In  this  work,  temperatures  will  always  be  given  in  Centigrade  degrees, 
unless  the  contrary  is  expressly  stated. 

Mercury  is  usually  chosen  for  making  thermometers,  on  account  of  its 
regularity  of  expansion  within  certain  limits,  and  because  it  is  easy  to 
have  the  scale  of  great  extent,  from  the  large  interval  between  the  freezing 
and  boiling  points  of  the  metal.  Other  substances  are  sometimes  used: 
alcohol  is  employed  for  estimating  very  low  temperatures,  because  this 
liquid  has  not  been  frozen  even  at  the  lowest  degree  of  cold  which  has  been 
artificially  produced. 

Air-thermometers  are  also  used  for  some  few  particular  purposes:  indeed, 
the  first  thermometer  ever  made  was  of  this  kind.  There  are  two  modifica- 
tions of  this  instrument:  in  the  first,  the  liquid  into  which  the  tube  dips  is 
open  to  the  air;  and  in  the  second,  shown  in  fig.  24,  the  atmosphere  is 
completely  excluded.  The  effects  of  expansion  are  in  the  one  case  compli- 
cated with  those  arising  from  changes  of  pressure,  and  in  the  other  cease 
to  be  visible  at  all  when  the  ichole  instrument  is  subjected  to  alterations  of 
temperature,  because  the  air  in  the  upper  and  lower  reservoir  being  equally 
affected  by  such  changes,  no  alteration  in  the  height  of  the  fluid  column 

Fig.2L 
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can  occur.  Accordingly,  such  instruments  are  called  differential  thermom- 
eters, since  they  serve  to  measure  differences  of  temperature  between  the 
two  portions  of  air,  while  changes  affecting  both  alike  are  not  indicated. 
Pig.  25  shows  another  form  of  the  same  instrument. 

The  air-thermometer  may  be  employed  for  measuring  all  temperatures 
from  the  lowest  to  the  highest;  M.  Pouillet  has  described  one  by  which  the 
heat  of  an  air-furnace  could  be  measured.  The  reservoir  of  this  instru- 
ment is  of  platinum,  and  it  is  connected  with  a  piece  of  apparatus  by 
which  the  increase  of  Tolume  experienced  by  the  included  air  is  determined. 

An  excellent  air- thermometer  has  been  constructed  and  used  by  Rudberg, 
and  more  recently  by  Magnus  and  Regnault,  for  measuring  the  expansion 
of  the  air.  Its  construction  depends  on  the  law,  that  when  air  is  heated 
and  hindered  from  expanding,  its  tension  increases  in  the  same  proportion 
in  which  it  would  hare  increased  in  volume  if  permitted  to  expand. 

All  bodies  are  enlarged  in  their  dimensions  by  the  application  of  heat, 
and  reduced  by  its  abstraction,  or,  in  other  words,  contract  on  being  artifi- 
cially cooled:  this  effect  takes  place  to  a  comparatively  small  extent  with 
solids,  to  a  larger  amount  in  liquids,  and  most  of  all  in  the  case  of  gases. 

Each  solid  and  liquid  has  a  rate  of  expansion  peculiar  to  itself;  gases, 
on  the  contrary,  expand  nearly  alike  for  the  same  increase  of  heat.    - 

Expofuian  of  Solids. — The  difference  of  expansibility  among  solids  is  very 
easily  illustrated  by  the  following  arrangement :  a  thin,  straight  bar  of  iron 
is  firmly  fixed,  by  numerous  rivets,  to  a  similar  bar  of  brass:  so  long  as 
the  temperature  at  which  the  two  metals  were  united  remains  unchanged, 
the  compound  bar  preserves  its  straight  figure ;  but  any  alteration  of  tem- 
perature gives  rise  to  a  corresponding  curvature.  Brass  is  more  dilatable 
than  iron ;  if  the  bar  be  heated,  therefore,  the  former  expands  more  than 
the  latter,  and  forces  the  straight  bar  into  a  curve,  whose  convex  side  is 
the  brass ;  if  it  be  artificially  cooled,  the  brass  contracts  more  than  the 
iron,  and  the  reverse  of  this  effect  is  produced. 

Fig.  2a. 
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This  fact  has  received  a  most  valuable  application.  It  is  not  necessary 
to  ins^ist  on  the  importance  of  possessin*;  instruments  for  the  accurate  mea- 
surement of  time;  such  are  absolutely  indispensable  to  the  successful 
cultivation  of  astronomical  science,  and  not  less  useful  to  the  navigator, 
from  the  assistance  they  give  him  in  finding  the  longitude  at  sea.  For  a 
long  time,  notwithstanding  the  perfection  of  finish  and  adjustment  be- 
stowed upon  clocks  and  watches,  an  apparently  insurmountable  obstacle 
presented  it««elf  to  their  uniform  and  regular  movement:  this  ob!!^tacle  was 
the  change  of  dimensions  to  which  the  regulating  parts  of  the  mnchine 
were  subject  by  alterations  of  temperature.  A  clock  may  be  defined  as  an 
instrument  for  registering  the  number  of  boats  made  by  a  pendulum :  now 
the  time  of  oscillation  of  a  pendulum  depends  principally  upon  its  length ; 
any  alteration  in  this  condition  will  seriously  affect  the  rate  of  the  clock. 
The  material  of  which  the  rod  of  the  pendulum  is  composed  is  subject  to 
expansion  and  contraction  by  changes  of  temperature;  so  that  a  pendulum 
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utjusted  lo  vibrate  secoads  at  15'S°  would  go  too  glow  if  the  temperators 
rose  10  20°,  from  ilB  becoming  longer,  and  too  fast  if  the  temperatare  fell 
lo  10°,  from  Lbe  opposite  oauae. 

Tliis  great  difficulty  Iihb  been  oTercome  hj  making  lbe  rod  of  a  number 
of  ban  of  iron  and  bravs.  or  iron  ond  line.  nielAle  whose  ralea  of  eipan- 
Bion  are  different,  and  arranging  llieee  bars  in  such  a  manner  that  ibe 
eipansiao  in  one  direolion  of  the  iron  shall  be  eiacll;  compenEaled  by 
til  at  in  the  oppoxile  direction  of  the  bragg  or  >inc,  it  is  possible  lo  maintaiD 
under  all  circumstances  of  temperature  an  invariable  distance  between  tb« 
points  of  Fuspenaion  and  of  OBcilUtion.  This  is  often  called  Ihe  gridimn 
pendulum^  tig.  27  will  clearly  illuelrale  ita  principle^  the  shaded  bars  krc 
Buppoaed  lo  be  iron  and  the  others  line. 


Fig.a. 
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A  still  siiopler  con)pensation>pendu1utn  is  Ihue  constructed.  The  weight 
or  bob,  instead  of  being  made  of  a  disc  of  melal,  consists  of  a  cylindrical 
glass  jar  containing  mercury,  which  is  held  by  a  atirrup  at  the  eilremily 
of  Ibe  steel  pendulum-rod,  fig.  28.  The  eame  increase  of  temperalure 
which  lengthens  this  rod,  causes  the  volume  of  the  mercury  to  enlarge, 
and  its  level  to  rise  in  the  jar;  the  centre  of  gravity  is  thus  elevated,  and 
by  properly  adjusting  the  quantity  of  mercury  in 
the  glass,  the  virtual  length  of  Ihe  pendulum  may 
be  made  constant. 

In  watches,  the  governing  power  is  a  horiiontal 

Hie  muchiiie  itself,  and  in  the  oilier  bj  a  flne  spiral 
spring.      The  rate  of  going  depends  greatly  on  (he 
dianiclGr  of  Ibis  wheel,  and  the  diatneler  is  of  ne- 
cesully  subject  to  variation  by  change  of  tempera- 
ture.     To   remedy   the  evil  thus  involved,  the  cir- 
cumference of  Ihe  balance-wheel  is  made  of  two 
nielals  having  different  rates  of  expansion,  firmly 
soldered  Ingelher.  ihe  more  eipansible  being  on  llio 
outside.     The  compound  rim  is  also  cut  through  in  two  places,  aa  repre- 
senied  in  the  drawing.     When  Ihc  wnlch  is  exposed  lo  a  high  temperature, 
ana  Ihe  diameter  of  Ihe  wheel  becomes  enlarged  by  expansion,  each  eeg- 


ment  ib  ni»d«,  bj  the  nme  agcDcj,  to  luome  i,  ahmrper  curre,  whereby 
ils  centre  of  grsTitj  ia  thrown  inward,  and  the  eipansive  effvct  oompletelj 
compeDSkled.  Many  other  beautiful  applicaliong  of  the  lame  prinoiple 
might  be  peiDted  out:  the  metallic  ibermometeT  of  H.  Dreguet  is  one  of 

Mr  Daniell  rerj  skilfullj  applied  the  eipauaion  of  a  rod  of  metnl  10 
Ibe  mcaBurenieat  of  temperatures  aboTe  those  oapable  of  being  indicated  by 
tbe  Ibermometer.  A  rod  of  iron  or  pla- 
tinum, about  Gte  incbea  long,  tb  dropped  'v'  ^' 
into  a  tube  of  black  lead  earlhenware;  ■ 
little  cylinder  of  baked  poroelain  ia  put 
over  it,  and  Becured  in  iti  place  by  a  pla- 
tinum strap  and  a  wedge  of  porcelain. 
When  the  whole  is  exposed  to  beat,  the  ei- 
pansioo  of  tbe  bar  driTcs  forward  the 
cylinder,  which  mOTea  with  a  certain  de- 
gree of  friction,  and  showa.  by  the  extent 
of  ita  displaeement,  the  lengthening  which 
the  bar  baa  undergone.  It  remains,  there- 
fore, tc  measure  the  amount  of  its  diaplace- 
ment,  which  must  be  Ter;  small,  eTeli  when 
the  heat  has  been  exceedingly  intenae. 
This  is  effected  by  the  coniriTance  shown 
in  figure  30,  in  which  the  motion  of  Ibe 
longer  arm  of  the  lever  carrying  the  ternier 

of  the  scale  is  multiplied  by  10,  in  consequence  of  its  atiperior  length.  The 
scale  itaelf  is  made  comparable  with  that  of  the  ordinary  tbermometer.  by 
plunging  the  instrument  into  a  bath  of  mercury  near  its  point  of  congela- 
tion, and  afterwards  into  another  of  tbe  same  metal  in  a  boiling  itate,  and 
marking  off  the  interval.  By  this  instrument  the  melting-point  of  cast 
iron  was  fixed  at  1()30°  C.  (2786°  F.),  and  the  greatest  heat  of  a  good  wind- 
fiirnace  at  about  1615°  C.  {ZSW  F  ) 

Tbe  actual  amount  of  expansion  which  different  solids  undergo  by  the 
same  increase  of  heat  has  been  carefully  investigated.  The  fallowing  are 
some  of  tbe  results  of  the  best  inTCStigations,  more  particularly  those  of 
Latoiiier  and  l.aplace.  The  fraction  indicates  the  amount  of  expansion  in 
length  suffered  by  rods  of  the  undermentioned  bodiea  in  passing  from  0° 
to  100=; 


Firwood*. 

■     iiVt 

Temper 

English  flint  glass 

IaJ 

Soft  iro 

Platinumt 

■     tK 

Gold 

iffi 

Copper 

Commiin  white  glaasj 

■    tAt 

Brass 

Qlssa  without  lead 

n4. 

SiWer 

-  w»; 

Lead 

Steel  untempered 

X 

Zinc 

From  the  lintar  expansion,  the  cubic  eipanaion  (or  increase  of  volume) 
ma;  be  calculated.  When  Ibe  expansion  of  a  body  in  different  directions 
is  equal,  as,  for  example,  in  gloss,  hammered  metala,  and  generally  in 
most  uncryatallized  substances,  it  will  be  sufficient  to  triple  the  fraction 
expressing  the  increase  in  one  dimension.     This  rule  does  not  bold  true 
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for  crystals  belonging  to  irregular  systems,  for  they  expand  unequally  in 
the  direction  of  the  difl'erent  axes. 

MetaU  appear  to  expand  pretty  uniformly  for  equal  increments  of  heat 
within  the  limits  stated  :  but  aboye  the  boiling-point  of  water  the  rate  of 
expansion  becomes  irregular  and  more  rapid. 

The  force  exerted  in  the  aci  of  expansion  is  very  great.  In  laying  down 
railways,  building  iron  bridges,  erecting  long  ranges  of  steam-pipes,  and 
in  executing  nil  works  of  the  kind  in  which  metal  is  largely  used,  it  is 
indispensable  to  make  provision  for  these  changes  of  dimensions. 

In  consequence  of  glass  and  platinum  having  nearly  the  same  amount  of 
expansion,  a  thin  platinum  wire  may  be  fused  into  a  glass  tube,  without 
any  fear  that  the  glass  will  break  on  cooling. 

A  very  useful  little  application  of  expansion  by  heat  is  that  of  the  cut- 
ting of  glass  by  a  hot  iron:  this  is  constantly  practised  in  the  laboratory 
for  a  great  variety  of  purposes.  The  glass  to  be  cut  is  marked  with  ink 
in  the  required  direction,  and  then  a  crack,  commenced  by  any  convenient 
method,  at  some  distance  from  the  desired  line  of  fracture,  may  be  led  by 
the  point  of  a  heated  iron  rod  along  the  latter  with  the  greatest  precision. 

Expansion  of  Liquids. — The  dilatation  of  a  liquid  may  be  determined  by 
filling  a  thermometer  with  it,  in  which  the  relation  between  the  capacity 
of  the  ball  and  that  of  the  stem  is  exactly  known,  and  observing  the  height 
of  the  column  at  different  temperatures.  It  is  necessary  in  this  experiment 
to  take  into  account  the  effects  of  the  expansion  of  the  glass  itself,  the 
observed  result  being  evidently  the  difference  of  the  two. 

Liquids  vary  exceedingly  in  this  particular.  The  following  table  is  taken 
from  P6clet's  £Uments  de  Physique: 

Apparent  DilatcUion  in  Olaat  between  0^  and  100°. 

Water ^ 

Hydrochloric  acid,  sp.  gr.  1*137        .        •        .         .     ^ 

Kitric  acid,  sp.  gr.  1  -4 1 

Sulphuric  acid,  sp.  gr.  1*85 ^ 

Ether ^ 

Olive  oil 

Alcohol 

Mercury 

Most  of  these  numbers  must  be  taken  as  representing  mean  results;  for 
there  are  few  liquids  which,  like  mercury,  expand  regularly  between  these 
temperatures.  Even  mercury  above  100®  shows  an  unequal  and  increasing 
expansion,  if  the  temperature  indicated  by  the  air-thermometer  be  used 
for  comparison.  This  is  shown  by  the  following  abstract  of  a  table  given 
by  Regnault: 


Rending  of  Air 

Reading  of  Mercnrlal 

Temperature  deduced  from  the 

Thermometer. 

Thermometer. 

abaolute  expansion  of  Mercury 

0«> 

0° 

0° 

100<> 

100° 

100° 

200° 

200° 

202-78° 

300° 

801° 

308-34° 

350° 

864° 

862-16° 

The  absolute  amount  of  expansion  of  mercury  is,  for  many  reasons,  a 
point  of  great  importance:  it  has  been  very  carefully  determined  by  a 
method  independent  of  the  expansion  of  the  containing  vessel.  The  ap- 
paratus employed  for  this  purpose,  first  by  MM.  Dulong  and  Petit,  and 
later  by  Regnault,  is  shown  in  fig.  81,  divested,  however,  of  many  of  its 
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•QbordiiMite  pftrtt.  It  contiita  of  (wo  upright  glaM  Inbci,  eonneeted  ftt 
cbeir  baaes  b;  a  boriiontat  lub«  of  mnoh  smaller  dimensiooB.     Sinee  a  trtt 

comiDUDicalion  eiista  between  the  two  tubes,  mercury  poured  into  the  ona 
will  rise  to  the  samo  level  in  the  other,  provided  ila  temperature  it  th« 
same  in  both  tubes;  when  ibiH  is  not  the  case,  the  hotter  coIuidd  will  be 
the  taller,  because  the  eipaneian  of  the  metal  diminiBheH  itaRpeciGc  graTit}^, 
■nil  the  law  of  hiFdrDelatic  equilibrium  requires  that  the  heiF^bt  of  sach 
colamns  should  be  inTcreely  ae  (heir  denaities.  B;r  the  aid  of  the  outer 
ejliaders,  one  of  the  tnbes  is  msintained  constanllj  at  0°,  while  the  other 
is  raised,  by  means  of  heated  water  or  oil,  to  any  required  temperature. 
The  perpendicular  heights  of  the  eolumns  may  then  be  read  off  by  a  hori- 
lODlal  micrometer  telescope,  moving  on  a  vertieal  divided  scale. 

Tbflse  heights  represent  volumes  of  equal  weight,  because  volumes  of 
equal  weight  bear  an  inverse  proportion  to  the  densities  of  the  liquids,  bo 
that  the  amount  of  expansion  admits  of  being  very  easily  calculated.  Thus, 
let  the  column  at  0°  be  six  inches  high,  and  that  at  100°.  6-108  inches ;  the 
increase  of  height,  108  on  6000,  or  ^j^  part  of  the  actual  cubical  expansion. 


The  indications  of  the  mercurial  Ibermometer  are  inaccurate  when  verj 
high  ranges  of  temperature  are  concerned,  from  the  increased  expansi- 
bility of  the  melaL  The  error  thus  caused  is.  however,  nearlj  compeo- 
sated  for  temperatures  under  204'6°  by  the  expansion  of  the  glass  tube.  For 
higher  tempersLurea  a  small  correction  is  necessary,  as  the  above  table  shows. 

To  what  extent  the  expansion  of  different  liquids  may  vary  between  the 
same  temperatures  is  obvious  from  a  glance  at  flg.  32,  which  represents  the 
expansion  of  mercury  (M|,  water  (W),  oil  of  turpentine  (T),  and  alcobol 
(A).  A  column  of  these  several  liquids,  equalling  at  0"  the  tenfold  height 
of  the  line  0  01  iu  the  diagram,  would  exhibit,  wben  healed  to  a  temper- 
ature of  10°,  20°,  80°,  &c.,  an  expansion  iudioated  bj  Uie  distances  at 

Fig.  32. 
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seen  that  oil  of  turpentine,  between  0°  and  100^,  expands  Tery  nearly  ^ 
of  its  Tolume,  and  that  mercury,  between  the  same  limits  of  temperature, 
expands  uniformly,  while  the  rate  of  expansion  of  the  other  liquids  increases 
with  the  rise  of  the  temperature. 

An  exception  to  the  regularity  of  expansion  in  liquids  exists  in  the  ease 
of  water;  it  is  so  remarkable,  and  its  oonsequenoes  so  important,  that  it 
is  necessary  to  advert  to  it  particularly. 

Let  a  large  thermometer'tube  be  filled  with  water  at  the  common  tem* 
perature  of  the  air,  and  then  artificially  cooled.  The  liquid  will  be  ob- 
served to  contract,  until  the  temperature  falls  to  about  4^  C.  (39*2®  P.,  or 
8^)  above  the  freesing-point.  After  this  a  further  reduction  of  tempera- 
ture causes  expansion  instead  of  contraction  in  the  volume  of  the  water, 
and  this  expnnsion  continues  until  the  liquid  arrives  at  its  point  of  con- 
gelation, when  so  sudden  and  violent  an  enlargement  takes  place  that  the 
-vessel  is  almost  invariably  broken.  At  the  temperature  of  4^,  water  is  at 
its  maximum  density  ;*  increase  or  diminution  of  heat  produces  upon  it, 
for  a  short  time,  the  same  effect. 

A  beautiful  experiment  by  Dr.  Hope  illustrates  the  same  fact.  If  a  tall 
jar  filled  with  water  at  10°  or  15°,  and  having  in  it  two  small  thermometers, 
one  at  the  bottom  and  the  other  near  the  surface,  be  placed  at  rest  in  a 
very  cold  room,  the  following  changes  will  be  observed : — The  thermometer 
at  the  bottom  will  fall  more  rapidly  than  that  at  the  top,  until  it  has  at- 
tained the  temperature  of  4°,  after  which  it  will  remain  stationary.  At 
length  the  upper  thermometer  will  also  mark  4°,  but  still  continue  to  sink 
as  rapidly  as  before,  while  that  at  the  bottom  remains  stationary.  It  is 
easy  to  explain  these  effects :  the  water  in  the  upper  part  of  the  jar  is  rapidly 
cooled  by  contact  with  the  air;  it  becomes  denser  in  consequence,  and  falls 
to  the  bottom,  its  place  being  supplied  by  the  lighter  and  warmer  liquid, 
which  in  its  turn  suffers  the  same  change;  and  this  circulation  goes  OQ 
until  the  whole  mass  of  water  has  acquired  its  condition  of  maximum 
density,  that  is,  until  the  temperature  has  fallen  to  4°.  Beyond  this,  loss 
of  heat  occasions  expansion  instead  of  contraction,  so  that  the  very  cold 
water  on  the  surface  has  no  tendency  to  sink,  but  rather  the  reverse. 

This  singular  anomaly  in  the  behavior  of  water  is  attended  with  the 
most  beneficial  consequences  in  shielding  the  inhabitants  of  the  waters 
from  excessive  cold.  The  deep  lakes  of  the  North  American  continent 
never  freeze,  the  intense  and  prolonged  cold  of  the  winters  of  those  regions 
being  insuflicient  to  reduce  the  temperature  of  such  masses  of  water  to  4°. 
Ice,  however,  of  great  thickness  forms  over  the  shallow  portions  and  the 
rivers,  and  accumulates  in  mounds  upon  the  beaches,  where  the  waves  are 
driven  up  by  the  winds 

Above  the  freezing-point,  sea-water  has  no  point  of  maximum  density. 
The  more  it  is  cooled  the  denser  it  becomes,  until  it  solidifies  at  — 2-6°.f 
The  gradual  expansion  of  pure  water  cooled  below  4°  must  be  carefully 
distinguished  from  the  g^eat  and  sudden  increase  of  volume  it  exhibits  in 
the  act  of  freezing,  in  which  respect  it  resembles  many  other  bodies  which 


*  According  to  the  latest  researches  of  Kopp,  the  point  of  gr<tate«t  density  of  the  water  to 
4-08°  C.  (39*34°  F.).  According  to  the  detcmiinatlonfl  of  this  physicist,  the  volume  of  water 
■»  1  at  0°  C.  changes  when  heated  to  the  following  volnmes : 


20  0-99991 

40  099988 

(P  0-99990 

8®  0-99999 

10°  1-00012 

120  iKMXWl 

140  1-00066 


leP  1-00086 

18«  1-00118 

20°  1-00167 

2-20  1-00-iOO 

249  1-00247 

26°  l-«>0272 

8OO  100100 


86O  1-00670 

40©  1-00763 

46®  1-00954 

600  101177 

66O  1-01410 

Oflo  0-01669 

66°  101930 


70P  1-02226 

760  1.02644 

8OO  1-02868 

86O  103189 

900  1-03640 

9&0  1-03900 

1000  1-042M 


}  Neamann,  Poggendorff's  Annalen,  cxlli.  382. 
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expand  on  solidifying.  The  force  thus  exerted  by  freezing  water  is  enor- 
mous. Thick  iron  shells  quite  filled  with  water,  and  exposed,  with  their 
fuse-holes  securely  plugged,  to  the  cold  of  a  Canadian  winter  night,  have 
been  found  split  on  the  following  morning.  The  freetiug  of  water  in  the 
joints  and  creTices  of  rocks  is  a  most  potent  agent  in  their  disintegration. 
Ezpannon  of  Oates, — This  is  a  point  of  great  practical  importance  to  the 
chemist,  and  happily  we  haye  Tery  excellent  CTidence  upon  the  subject. 
The  following  four  propositions  exhibit,  at  a  single  Tiew,  the  principal 
facts  of  the  case: 

1.  All  gases  expand  nearly  alike  for  equal  increments  of  heat;  and  all 

▼apors,  when  remote  from  their  condensing  points,  follow  the  same 
law. 

2.  The  rate  of  expansion  is  not  altered  by  a  change  in  the  state  of  com- 

pression, or  elastic  force  of  the  gas  itself. 

8.  The  rate  of  expansion  is  uniform  for  all  degrees  of  heat. 

4.  The  actual  amount  of  expansion  is  equal  to  ^ |^  or  fh^  or  0-08666  of 
the  volume  of  the  gas  at  0®  Centigrade,  for  each  degree  of  the  same 
scale.* 

It  will  be  unnecessary  to  enter  into  any  description  of  the  methods  of 
inrestigation  by  which  these  results  have  been  obtained;  the  advanced 
student  will  find  in  Pouillet's  iOfnents  de  Pkytique^  and  in  the  papers  of 
Magnus  and  Regnault,-|'  all  the  information  he  may  require. 

In  the  practical  manipulation  of  gases,  it  very  often  becomes  necessary 
to  make  a  correction  for  temperature,  or  to  discover  how  much  the  volume 
of  a  gas  would  be  increased  or  diminished  by  a  particular  change  of  tem- 
perature ;  this  can  be  effected  with  great  facility.  Let  it  be  required,  for 
example,  to  find  the  volume  which  100  cubic  inches  of  any  gas  at  10° 
would  become  on  the  temperature  rising  to  20°. 

The  rate  of  expansion  is  ^^  or  ^^^  of  the  volume  at  0°  for  each  degree ; 
or  3000  measures  at  0°  become  8011  at  !<»,  3022  at  2^  3110  at  10°,  and 
8220  at  20°.     Hence 

Meu.fitlOO.        Meas.  at20P.        Meas.  atlO^.        Meas.  at20O. 
3110        :        3220      =:        100        :      103-5d7 

If  this  calculation  is  required  to  be  made  on  the  Fahrenheit  scale,  it 
must  be  remembered  that  the  zero  of  that  scale  is  82°  below  the  melting- 
point  of  ice.  Above  this  temperature  the  expansion  for  each  degree  of 
the  FaBtenheit  scale  is  J^^  of  the  original  volume. 

This,  and  the  correction  for  pressure,  are  operations  of  very  frequent 
occurrence  in  chemical  investigations,  and  the  student  will  do  well  to  become 
familiar  with  them. 


Note.  — Of  the  four  propositions  stated  in  the  text,  the  first  and  second 
have  recently  been  shown  to  be  true  within  certain  limits  only ;  and  the 
third,  although  in  the  highest  degree  probable,  would  be  very  difficult  to 
demonstrate  rigidly ;  in  fact,  the  equal  rate  of  expansion  of  air  is  assumed 
in  all  experiments  on  other  substances,  and  becomes  the  standard  by  which 
the  results  are  measured. 

The  rate  of  expansion  for  the  different  gases  is  not  absolutely  the  same, 
but  the  difference  is  so  small  that  for  most  purposes  it  may  with  perfect 
safety  be  neglected.     Neither  is  the  state  of  elasticity  altogether  indifferent, 

*  Tb«  Craction  f^jf  la  vary  coovenient  for  calculation. 

t  Pofgeadorff's  Annalen,  It.  1.  —  Ann.  Cbim.  Phya.,  8d  aeriea,  iv.  5,  and  ▼.  62.  — See  alao 
Watta'a  Dictkuuury  of  Chemistry,  art.  ILuXt  vol.  ili.  p.  40. 
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the  expansion  being  sensibly  greater  for  an  equal  rise  of  temperature  when 
tbe  gas  is  in  a  compressed  state. 

It  is  important  to  notice  that  the  greatest  deviations  from  the  rule  are 
exhibited  by  those  gases  which,  as  will  hereafter  be  seen,  are  most  easily 
liquefied,  such  as  carbon  dioxide,  cyanogen,  and  sulphur  dioxide;  and  that 
the  discrepancies  fbecome  smaller  and  smaller  as  the  elastic  force  is  lessened ; 
so  that,  if  means  existed  for  comparing  the  different  gases  in  states  egvally 
duiant  from  their  points  of  condensation,  there  is  reason  to  believe  that  the 
law  would  be  strictly  fulfilled. 

The  experiments  of  Dalton  and  Gay-Lussac  give  for  the  rate  of  expan- 
sion ^y  of  the  volume  at  0":  this  is  no  doubt  too  high.  Those  of  Rndberg 
give  ^If ;  those  of  Magnus  and  of  Regnault  ,}y. 

The  ready  expansibility  of  air  by  heat  gives  rise  to  the  phenomena  of 
winds.     In  the  temperate  regions  of  the  earth  these  are  very  variable  and 

uncertain,  but  within  and  near  the  tropics  a 
much  greater  regularity  prevails;  of  this  the 
trade-winda  furnish  a  beautiful  example. 

The  smaller  degree  of  obliquity  with  which 
the  sun's  rays  fall  in  the  localities  mentioned, 
occasions  the  broad  belt  thus  stretching  round 
the  earth  to  become  more  heated  than  any  other 
pnrt  of  the  surface.  The  heat  thus  acquired  by 
absorption  is  imparted  to  the  lower  stratum  of 
air,  which,  becoming  expanded,  rises,  and  gives 
place  to  another ;  and  in  this  manner  an  as- 
cending current  is  established,  the  colder  and 
heavier  air  streaming  in  laterally  from  the  more 
temperate  regions,  north  and  south,  to  supply  the  partial  vacuum  thus  occa- 
sioned. A  circulation  so  commenced  will  be  completed,  in  obedience  to  the 
laws  of  hydrostatics,  by  the  establishment  of  counter-currents  in  the 
higher  parts  of  the  atmosphere,  having  directions  the  reverse  of  those  on 
the  surface. 

Such  is  the  effect  produced  by  the  unequal  heating  of  the  equatorial 
parts;  or,  more  correctly,  such  would  be  the  effect  were  it  not  greatly 
modified  by  the  earth's  movement  of  rotation. 

As  the  circumference  of  the  earth  is,  in  round  numbers,  about  24,000 
miles,  and  since  it  rotates  on  its  axis,  from  west  to  east,  once  in  24  hours, 
the  equatorial  parts  must  have  a  motion  of  1000  miles  per  hour;  this 
velocity  diminishes  rapidly  toward  each  pole,  where  it  is  reduced  to 
nothing. 

The  earth  in  its  rotation  carries  with  it  the  atmosphere,  whose  velocity 
of  movement  corresponds,  in  the  absence  of  disturbing  causes,  with  that 

part  of  the  surface  immediately  below  it.  The 
air  which  rushes  toward  the  equator  to  supply 
the  place  of  that  raised  aloft  by  iis  diminished 
density,  brings  with  it  the  degree  of  momen- 
tum belonging  to  that  portion  of  the  earth^s 
surface  from  which  it  set  out,  and  as  this  mo- 
mentum is  less  than  that  of  the  earth  under 
its  new  position,  the  earth  itself  travels  faster 
than  the  air  imniedintely  over  it,  thus  pro- 
ducing the  effect  of  a  wind  blowing  in  a  con- 
trnry  direction  to  that  of  its  own  motion.  The 
original  north  and  south  winds  are  thus  devi- 
ated from  their  primitive  directions,  and  made 
to  blow  more  or  less  from  the  eastward,  so  that 
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tbe  eombined  effects  of  the  unequal  heating  and  of  the  moTement  of  rota- 
tion ia  to  generate  in  the  northern  hemisphere  a  constant  north-east  wind^ 
and  in  the  southern  hemisphere  an  equally  constant  south-east  wind. 

In  the  same  manner  the  upper  or  return  current  is  subject  to  a  change 
of  direction  in  the  rcTerse  order;  the  rapidly  moving  wind  of  the  tropics, 
transferred  laterally  towards  the  poles,  is  soon  found  to  travel  faster  than 
the  earth  beneath  it,  producing  the  effect  of  a  westerly  wind,  which  modi- 
fies the  primary  current. 

The  regularity  of  the  trade-winds  is  much  interfered  with  by  the  neigh- 
borhood of  large  continents,  which  produce  local  effects  upon  a  scale  suffi- 
ciently great  to  modify  deeply  the  direction  and  force  of  the  wind.  This 
is  the  case  in  the  Indian  Ocean.  They  usually  extend  from  about  the  28th 
degree  of  latitude  in  both  hemispheres  to  within  8^  of  the  equator,  but  are 
subject  to  some  variations  in  this  respect.  Between  them,  and  also  beyond 
their  boundaries,  lie  belts  of  calms  and  light  variable  winds;  and  beyond 
these  latter,  extending  into  higher  latitudes  in  both  hemispheres,  westerly 
winds  usually  prevail.  The  general  direction  of  the  trade-wind  of  the 
Northern  hemisphere  is  £.N.E.,  and  that  of  the  Southern  hemisphere 
E.S.E. 

The  trade-winds,  it  may  be  remarked,  Airnish  an  admirable  physical 
proof  of  the  reality  of  the  earth*s  movement  of  rotation. 

The  theory  of  the  action  of  chimneys,  and  of  natural  and  artificial  ven- 
tilation, belongs  to  the  same  subject. 

Let  the  reader  turn  to  the  demonstration  given  of  the  Archimedean 
hydrostatic  theorem:  let  him  once  more  imagine  a  body  immersed  in 
water,  and  having  a  density  equal  to  that  of  the  water;  it  will  remain  in 
equilibrium  in  nny  part  beneath  the  surface,  and  for  these  reasons :  The 
force  which  presses  it  downward  is  the  weight  of  the  body  added  to  the 
weight  of  the  column  of  water  above  it ;  the  force  which  presses  it  upward 
is  the  weight  of  a  column  of  water  equal  to  the  height  of  both  coi^oined ;  -^ 
the  density  of  the  body  is  that  of  water,  that  is,  it  weighs  as  much  as  an 
equal  bulk  of  that  liquid ;  consequently,  the  downward  and  upward  forces 
are  equally  balanced,  and  the  body  remains  at  rest. 

Next,  let  the  circumstances  be  altered ;  let  the  body  be  lighter  than  an 
equal  bulk  of  water;  the  pressure  upward  of  the  column  of  water  a  c  is 
no  longer  compensated  by  the  downward  pres- 
sure of  the  corresponding  column  of  solid  and  Fig.ZS, 
water  above  it ;  the  former  force  preponderates,     |  i  __ 
and  the  body  is  driven  upward.     If,  on  the  con- 
trary, the  body  be  specifically  heavier  than  wa- 
ter, then  the  latter  force  has  the  ascendency,  and 
the  body  sinks. 

All  things  so  described  exist  in  a  common 
chimney ;  the  solid  body,  of  the  same  density  as 
that  of  the  fluid  in  which  it  floats,  is  represented 
by  the  air  in  tbe  chimney  funnel ;  the  space  a  b 
represents  the  whole  atmosphere  above  it  When 
the  air  inside  and  outside  the  chimney  is  at  the 
same  temperature,  equilibrium  takes  place,  be- 
cause the  downward  tendency  of  the  air  within  is  counteracted  by  the 
upward  pressure  of  that  without. 

Now,  let  the  chimney  be  heated ;  the  air  suffers  expansion,  and  a  portion 
is  expelled ;  the  chimney  therefore  contains  a  smaller  weight  of  air  than 
it  did  before ;  the  external  and  internal  columns  no  longer  balance  each 
other,  and  the  warmer  and  lighter  air  is  forced  upward  from  below,  and 
its  place  supplied  by  cold  air.  If  the  brick-work,  or  other  material  of 
which  the  chimney  is  constructed,  retain  its  temperature,  this  second  por- 
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lion  of  air  is  disposed  of  like  the  first,  and  the  ascending  current  continuee, 
80  long  as  the  sides  of  the  chimney  are  hotter  than  the  surrounding  air. 

Sometimes,  owing  to  sudden  changes  of  temperature  in  the  atmosphere, 
the  chimney  may  happen  to  be  colder  tban  the  air  about  it.  The  column 
within  forthwith  suffers  contraction  of  volume ;  the  deficiency  is  filled  up 
from  without,  and  the  column  becomes  hearier  than  one  of  s:milar  height 
on  the  outside ;  the  result  is,  that  it  falls  out  of  the  chimney,  just  as  the 
heavy  body  sinks  in  the  water,  and  has  its  place  occupied  by  air  from 
above.  A  descending  current  is  thus  produced,  which  may  be  often  no- 
ticed in  the  summer  season,  by  the  smoke  from  neighboring  chimneys  find- 
ing its  way  into  rooms  which  have  been  for  a  considerable  time  without  fire. 

The  ventilation  of  mines  has  long  been  conducted  upon  the  same  prin- 
ciple, and  more  recently  it  has  been  applied  to  dwelling-houses  and  aasembly- 
rooms.  The  mine  is  furnished  with  two  shafts,  or  with  one  shaft  divided 
throughout  by  a  diaphragm  of  boards ;  and  these  are  so  arranged,  that  air 
forced  down  the  one  shall  traverse  the  whole  extent  of  the  workings  before 
it  escapes  by  the  other.  A  fire  kept  up  in  one  of  these  shafts,  by  rarefy- 
ing the  air  within,  and  causing  an  ascending  current,  occasions  thresh  air 
to  traverse  every  part  of  the  mine,  and  sweep  before  it  the  noxious  gases 
but  too  frequently  present. 

CONDUCTION  OP  HEAT. 

Different  bodies  possess  very  different  conducting  powers  with  respect 
to  heat :  if  two  similar  rods,  the  one  of  iron,  the  other  of  glass,  be  held  in 
the  flame  of  a  spirit-lamp,  the  iron  will  soon  become  too  hot  to  be  touched, 
while  the  glass  may  be  grasped  with  impunity  within  an  inch  of  the  red- 
hot  portion. 

Experiments  made  by  analogous  but  more  accurate  methods  have  estab- 
lished a  numerical  comparison  of  the  conducting  powers  of  many  bodies. 
The  following  may  he  taken  as  a  specimen :  — 


Silver 

.     1000 

Steel 

.     116 

Copper 

736 

Lead 

85 

Gold 

.       632 

Platinum 

84 

Brass     . 

236 

German  silver 

63 

Tin 

.       146 

Bismuth 

18 

Iron 

119 

As  a  class,  the  metals  are  by  very  far  the  best  conductors,  although  much 
difference  exists  between  them ;  stones,  dense  woods,  and  charcoal  follow 
next  in  order :  then  liquids  in  general,  and  gases,  whose  conducting  power 
is  almost  inappreciable. 

Under  favorable  circumstances,  nevertheless,  both  liquids  and  gases 
may  become  rapidly  heated  :  heat  applied  to  the  bottom  of  the  containing 
vessel  is  very  speedily  communicated  to  its  contents :  this,  however,  is  not 
so  much  by  conduction  as  by  convection,  or  carrying.  A  complete  circu- 
lation is  pet  up;  the  portions  in  contact  with  the  bottom  of  the  vessel  get 
heated,  become  lighter,  and  rise  to  the  surface,  and  in  this  way  the  heat 
becomes  communicated  to  the  whole.  If  these  movements  be  prevented  by 
dividing  the  vessel  into  a  great  number  of  compartments,  the  really  low 
conducting  power  of  the  substance  is  made  evident ;  and  this  is  the  reason 
why  certain  organic  fabrics,  as  wool,  silk,  feathers,  and  porous  bodies  in 
general,  the  cavities  of  which  are  full  of  air,  exhibit  such  feeble  powers 
of  conduction. 

The  circulation  of  heated  water  through  pipes  is  now  extensively  applied 
to  the  warming  of  buildings  and  conservatories ;  and  in  chemical  works  a 
serpentine  metal  tube  containing  hot  oil  is  often  used  for  heating  stills  and 
evaporating- pans:  the  two  extremities  of  the  tube  are  connected,  with  the 
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ends  of  another  spiral  built  into  a  small  farna<%  at  the  lower  level,  and  an 
unintermitting  circulation  of  the  liquid  taJKes  place  as  long  as  heat  is 
applied. 

OHAMOB  OF  STATS. 

Solid  bodies  when  heated  are  expanded;  many  are  liquefied,  i,  «.,  they 
fuse.  The  fusion  of  solids  is  frequently  preceded  by  a  gradual  softening, 
more  especially  when  the  temperature  approaches  the  point  of  fusion. 
This  phenomenon  is  observed  in  the  case  of  wax  or  iron.  In  the  ease  of 
other  solids  —  of  sine  and  lead,  for  instance  —  and  several  other  metals, 
this  softening  is  not  observed.  Generally,  bodies  expand  during  the  pro- 
cess of  fusion ;  an  exception  to  tbis  rule  is  water,  which  expands  during 
freezing  (10  vol.  of  water  produce  nearly  11  vol.  of  ice),  while  ice  when 
fusing  produces  a  proportionately  smaller  volume  of  water.  The  expansion 
of  bodies  during  fusion,  and  at  temperatures  preceding  fusion,  or  the  con- 
traction during  solidification  and  further  refrigeration,  is  very  unequal. 
Wax  expands  considerably  before  fusing,  and  comparatively  little  during 
fusion  itself.  Wax,  when  poured  into  moulds^  fills  them  perfectly  during 
solidification,  but  afterwards  contracts  considerably.  Stearic  acid,  on  the 
contrary,  expands  very  little  before  fusion,  but  rather  considerably  during 
fusion,  and  consequently  pure  stearic  acid  when  poured  into  moulds  solidi- 
fies to  a  rough  porous  mass,  contracting  little  by  further  cooling.  The 
addition  of  a  little  wax  to  stearic  acid  prevents  the  powerful  contraction 
in  the  moment  of  solidification,  and  renders  it  more  fit  for  being  moulded. 

Latent  Heat  of  Fusion.  —  During  fusion  bodies  absorb  a  certain  quantity 
of  heat,  which  is  not  indicated  by  the  thermometer ;  at  a  given  tempera- 
ture—  the  fusing-point,  for  instance — a  certain  weight  of  substance  con- 
tains when  solid  less  heat  than  when  liquid. 

If  equal  weights  of  water  at  0^  and  water  at  79^  be  mixed,  the  tempera- 
ture of  the  mixture  will  be  the  mean  of  the  two  temperatures,  or  39'5^. 
If  the  same  experiment  be  repeated  with  snow  or  finely-powdered  ice  at 
0^,  and  water  at  79°,  the  temperature  of  the  whole  will  be  only  0°,  but  the 
iee  will  have  been  melted. 

1  lb.  of  water  at  0<»     1   __  o  lb   water  at  SQ-fi® 
1  lb.  of  water  at  79o   /  —  ^  ^^'  ''"®'  *^  ^^  ^ 

1  lb.  of  ice  at  0<*  1        o  iv        *        i  rio 

1  lb.  of  water  at  79o   }  =  ^  lb.  water  at  O* 

Tn  the  last  experiment,  therefore,  as  much  heat  has  been  apparently  lost 
as  would  have  raised  a  quantity  of  water  equal  to  that  of  the  ice  through 
a  range  of  79°. 

The  heat,  thus  become  insensible  to  the  thermometer  in  effecting  the 
liquefaction  of  the  ice,  is  called  latent  heat,  or,  better,  heat  offiuidity. 

Again,  let  a  perfectly  uniform  source  of  heat  be  imagined,  of  such 
intensity  that  a  pound  of  water  placed  over  it  would  have  its  temperature 
rais«Ni  5°  per  minute.  Starting  with  water  at  0°,  in  rather  less  than  16 
minutes  its  temperature  would  have  risen  79° ;  but  the  same  quantity  of 
ice  at  0°,  exposed  for  the  same  interval  of  time,  would  not  have  its  tem- 
perature raised  a  single  degree.  But,  then,  it  would  have  become  water ; 
the  heat  received  would  have  been  exclusively  employed  in  effecting  tbe 
change  of  state. 

This  heat  is  not  lost,  for  when  the  water  freezes  it  is  again  evolved.  If 
a  tall  jar  of  water,  covered  to  exclude  dust,  be  placed  in  a  situation  where 
it  shall  be  quite  undisturbed,  and  at  the  same  time  exposed  to  great  cold, 
the  temperature  of  the  water  may  be  reduced  10°  or  more  below  its  frees- 
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ing-poini  withoai  the  form&tioii  of  iee;*  bat  then,  if  a  little  agitation  ba 
oommunicated  to  the  jar,  or  a  grain  of  sand  dropped  into  the  water,  a  por- 
tion instantly  soUdifiei,  and  the  temperature  of  the  whole  rises  to  0® ;  the 
heat  disengaged  by  the  freeiing  of  a  small  portion  of  the  water  will  haTe 
been  sufficient  to  raise  the  whole  contents  of  the  jar  6®. 

This  curious  condition  of  instable  equilibrium  shown  by  the  Tery  cold 
water  in  the  preceding  experiment,  may  be  reproduced  with  a  Tariety  of 
solutions  which  tend  to  crystallite  or  solidify,  but  in  which  that  change  is 
for  a  while  suspended.  Thus,  a  solution  of  crystalliied  sodium  sulphate 
in  its  own  weight  of  warm  water,  left  to  cool  in  an  open  vessel,  deposits  a 
large  quantity  of  the  salt  in  crystals.  If  the  warm  solution,  however,  be 
filtered  into  a  clean  flask,  which  when  full  is  securely  corked  and  set  aside 
to  cool  undisturbed,  no  crystals  will  be  deposited,  even  after  many  days, 
until  the  cork  is  withdrawn  and  the  contents  of  the  flask  violently  shaken. 
Crystallisation  then  rapidly  takes  place  in  a  lerj  beautiful  manner,  and 
the  whole  becomes  perceptibly  warm. 

The  law  thus  illustrated  in  the  case  of  water  is  perfectly  generaL 
'Whenever  a  solid  becomes  a  liquid,  a  certain  fixed  and  definite  amount  of 
heat  disappears,  or  become;  latent ;  and  conversely,  whenever  a  liquid  be- 
comes a  solid,  heat  to  a  corresponding  extent  is  given  out. 

The  following  table  exhibits  the  melting  points  of  several  substances, 
and  their  latent  heats  of  fusion  expressed  in  gram-degrees  —  that  is  to 
say,  the  numbers  in  the  column  headed  *' latent  heat"  denote  the  number 
of  grams  of  water  the  temperature  of  which  would  be  raised  1°  Centigrade 
by  the  quantity  of  heat  required  to  fuse  one  grain  of  the  several  solids:  — 


Substance. 


Mercury  . 
Phosphorus 
Lead  .  . 
Sulphur  . 
Iodine 
Bismuth  . 
Cadmium 


Melting 

Ulont 

Point. 

Heat 

—390 

2  82 

44 

6  0 

382 

6-4 

116 

94 

107 

11  7 

270 

12-6 

320 

13-6 

Substance. 


Tin 

Silver 

Zinc 

Calcium  chloride  1 
(CaCl,  611*0)      / 
Potaissium  nitrate  . 
Sodium  nitrate 


MelUng 
Point. 

Latent 
Heat. 

236° 
1000 
483 

14-25 
211 

28  1 

28-6 

40-7 

389 
3106 

47-4 
63-0 

When  a  solid  substance  can  be  made  to  liquefy  by  a  weak  chemical 
attraction,  cold  results,  from  sensible  heat  becoming  latent.  This  is  the 
principle  of  the  many  frigorific  mixtures  to  be  found  described  in  some  of 
the  older  chemical  treatises.  When  snow  or  powdered  ice  is  mixed  with 
common  salt,  and  a  thermometer  plunged  into  the  mass,  the  mercury  sinks 
to  — 17*7°C  (0°  F.),  while  the  whole  after  a  short  time  becomes  fluia  by  the 
attraction  between  the  water  and  the  salt;  such  a  mixture  is  very  often 
used  in  chemical  experiments  to  cool  receivers  and  condense  the  vapors 
of  volatile  liquids.  Powdered  crystallized  calcium  chloride  and  snow  pro* 
duce  cold  enough  to  freeie  mercury.     Even  powdered  potassium  nitrate, 

*  Fuited  bodies,  when  cooled  down  to  or  t>e1ow  thnir  fitting  point,  fh^uently  remain  liquid, 
more  eopecially  whvn  not  in  contnrt  with  8f)IId  >ro<IioH  Thuti,  water  in  a  mixture  oT  oil  of 
almonde  iind  cKlorofm-m,  of  spf^ciflf*  gravity  equal  to  ittt  own.  remainii  liquid  to  —10°:  in  a  simi- 
lar manner  fused  sulphur  or  phopphoruH,  flnatinK  in  a  fiohitii>n  of  sine  chloride  of  approprinte 
concentration,  retains  the  liquid  « oiulitioh  nt  tcmtM>mtiin>M  40°  below  itn  fusing  point.  Liquid 
bodies,  thuH  cooled  t>e1ow  tlieir  fuKing  point,  ftcqiiontly  KoUdlfy  when  Umched  with  a  solid  sub- 
Btjince,  invariably  when  brought  in  contact  with  a  fragment  of  the  same  body  in  the  solid 
oooditioD. 
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or  Bal-ammouiac,  or  ammonium  nitraU,  dissoWed  in  water,  ocoaaiona  a 
Tory  notable  depression  of  temperature :  in  erery  case,  in  short,  in  which 
solution  is  unaccompanied  bj  energetic  chemical  action,  cold  is  produced. 

No  relation  can  be  traced  between  the  actual  melting-point  of  a  sub' 
stance,  and  its  lateA  heat  when  in  the  fused  state. 

LaUnt  Beat  of  Vaporization.  —  A  law  of  exactly  the  same  kind  as  thai 
described  affects  unirersally  the  gaseous  condition ;  change  of  state  from 
solid  or  liquid  to  gas  is  accompanied  by  absorption  of  sensible  heat,  and 
the  roTerse  by  its  disengagemenL  The  latent  heat  of  steam  and  other 
▼apora  may  be  ascertained  by  a  mode  of  investigation  similar  to  that 
employed  in  the  case  of  water. 

When  water  at  U®  is  mixed  with  an  equal  weight  of  water  at  100^,  the  whole 
is  found  to  possess  the  mean  of  the  two  temperatures,  or  60^ ;  on  the  other 
band,  1  part  by  weight  of  9team  at  100°,  when  condensed  in  cold  water,  is 
found  to  be  capable  of  raising  5*4  parts  of  the  latter  from  the  freezing  to 
the  boiling-point,  or  through  a  range  of  100°.  Mow  100  X  6'4=640° ;  that 
is  to  say,  steam  at  100°,  in  becoming  water  at  100°,  parts  with  enough 
heat  to  raise  a  weight  of  water  equal  to  its  own  (if  it  were  possible)  640°, 
of  the  thermometer.  When  water  passes  into  steam,  the  same  quantity  of 
sensible  heat  becomes  latent. 

The  Tapors  of  other  liquids  seem  to  have  less  latent  heat  than  that  of 
water.  The  following  table  is  by  Dr.  Th.  Andrews,  and  serves  well  to 
illustrate  this  point.  The  latont  heats  are  expressed,  as  in  the  last  table, 
in  gram-degrees : 

Vapor  of  water 686-90° 

"  alcohol 202*40 

"  ether 90-46 

•«  oxalic  ether 72*72 

"  acetic  ether 92*68 

"  ethylic  iodide  ....         46-87 

••  pyroxylic  spirit 263-70 

''  lat-bon  bisulphide    ....        86-67 

•«  -tiu  tetrachloride  .         .         •        .     30-35 

•»  bromine   .         .         .         .         .         ,         45*66 

**  oil  of  turpentine  ....     74*03 

Ebullition  is  occasioned  by  the  formation  of  bubbles  of  vapor  within  the 
body  of  the  evaporating  liquid,  which  rise  to  the  surface  like  bubbles  of 
permanent  gas.  This  occurs  in  different  liquids  at  very  different  tempera- 
tures. Under  the  same  circumstances,  the  boiling-point  is  quite  constant, 
and  often  becomes  a  physical  character  of  great  importance  in  distinguish- 
ing liquids  which  much  resemble  each  other.  A  few  cases  may  be  cited 
in  illustration : 

Snbfltance.  Boiling-point. 

Aldehyde 20*8° 

Ether  .        .        .        .        .        .        84*9 

Carbon  bisulphide 46*1 

Alcohol 78-4 

Water 100 

Nitric  acid,  strong    .        .  '     .        .        .        .120 

Oil  of  turpentine 167 

Sulphuric  acid 826*6 

Mercury 860 

For  ebullition  to  take  place,  it  is  necessary  that  the  elasticity  of  the 
vapor  should  be  able  to  overcome  the  cohesion  of  the  liquid  and  the  pres- 
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sure  upon  its  surface :  henoe  the  extent  to  which  the  boiling-point  may  be 
modified. 

Water,  under  the  usual  pressure  of  the  atmosphere,  boils  at  100° 
(212^  F.) :  in  a  partially  exhausted  receiTor  or  on  a  mountain-top  it  boils 
at  a  much  lower  temperature:  and  in  the  best  Tacuum  of  an  excellent  air- 
pump,  over  oil  of  vitriol,  which  absorbs  the  vapor,  it  will  often  enter  into 
violent  ebullition  while  ice  is  in  the  net  of  forming  upon  the  surface. 

On  the  other  hand,  water  confined  in  a  very  strong  metallic  vessel  msj 
be  restrained  from  boiling  by  the  pressure  of  its  own  vapor  to  an  almost 
unlimited  extent;  a  temperature  of  177®  or  204®  is  very  easily  obtained: 
and,  in  fact,  it  is  said  that  it  may  be  made  red-hot,  and  yet  retain  its 
fluidity. 

There  is  a  very  simple  and  beautiful  experiment  illustrative  of  the  effect 
of  diminished  pressure  in  depressing  the  boiling-point  of  a  liquid.  A 
Fig.  30.  little  water  is  made  to  boil  for  a  few  minutes  in  a  flask  or 
retort  placed  over  a  lamp,  until  the  air  has  been  chased  out, 
and  the  steam  issues  freely  from  the  neck.  A  tightly  fitting 
cork  is  then  inserted,  and  the  lamp  at  the  same  moment 
withdrawn.  When  the  ebullition  ceases,  it  may  be  renewed 
at  pleasure  for  a  considerable  time  by  the  aff^osion  of  cold 
water,  which,  by  condensing  the  vapor  within,  occaaions  a 
partial  vacuum. 

The  nature  of  the  vessel,  or,  rather,  the  state  of  its  surface, 
exercises  an  influence  upon  the  boiling-point,  and  this  t4>  a 
much  greater  extent  than  was  formerly  supposed.  It  has 
long  been  noticed  that  in  a  metallic  vessel  wat«r  boils,  under 
the  same  circumstances  of  pressure,  at  a  temperature  one  or  two  degrees 
below  that  at  which  ebullition  takes  place  in  glass;  but  it  has  lately  been 
shown  *  that  by  particular  management  a  much  greater  difference  can  be 
observed.  If  two  similar  glass  flasks  be  taken,  the  one  coated  in  the  in- 
side with  a  film  of  shellac,  and  the  other  completely  cleansed  by  hot  sul- 
phuric acid,  water  heated  over  a  lamp  in  the  first  will  boil  at  9)^-4®,  while 
in  the  second  it  will  often  rise  to  105®  or  even  higher;  a  momentary  burst 
of  vapor  then  ensues,  and  the  thermometer  sinks  a  few  degrees,  after  which 
it  rises  again.  In  this  state,  the  introduction  of  a  few  metallic  filings,  or 
angular  fragments  of  any  kind,  occasions  a  lively  disengagement  of  vapor, 
while  the  temperature  sinks  to  100®,  and  there  remains  stationary.  These 
remarkable  effects  must  be  attributed  to  an  attraction  between  the  surface 
of  the  vessel  and  the  liquid. 

When  out  of  contact  with  solid  bodies,  liquids  not  only  solidify  with  re- 
luctance, but  also  assume  the  gaseous  condition  with  greater  difllculty. 
Drops  of  water  or  of  aqueous  saline  solutions  floating  on  the  contact- 
surface  of  two  liquids,  of  which  one  is  heavier  and  the  other  lighter,  may 
be  heated  from  10  to  20  degrees  above  the  ordinary  boiling-point;  explo- 
sive ebullition,  however,  is  instantaneously  induced  by  contact  with  a  solid 
substance. 

A  cubic  inch  of  water  in  becoming  steam  under  the  ordinary  pressure 
of  the  atmosphere  expands  into  1696  cubic  inches,  or  nearly  a  cubic 
foot. 

Steam,  not  in  contact  with  water,  is  affected  by  heat  in  the  same  manner 
as  the  permanent  gases ;  its  rate  of  expansion  and  increase  of  elastic  force 
are  practically  the  same.  When  water  is  present,  the  rise  of  temperature 
increases  the  quantity  and  density  of  the  steam,  and  hence  the  elastic  force 
increases  in  a  far  more  rapid  proportion. 

This  elastic  force  of  steam  in  contact  with  water,  at  different  tempera- 

* 

•  Marcet '  Ana.  Chim.  Phys.'  3d  iertei,  v.  448. 
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turess  has  been  Tery  carefully  determined  by  Arago  and  Dulong,  and  lately 
b}'  Magnus  and  Regnault.  The  force  is  expressed  in  atmospheres :  the  ab- 
solute pressure  upon  any  given  surface  can  be  easily  calculated,  allowing 
14  6  lb  per  square  inch  to  each  atmosphere.  The  experiments  were  carried 
to  twenty-five  atmospheres;  at  which  point  the  diifioulttes  and  danger 
became  so  great  as  to  put  a  stop  to  the  inquiry:  the  rest  of  the  table  is 
the  result  of  calculations  founded  on  the  data  so  obtained: 


Preaanre  at  Staun 
in  AUnoftphM 


1 
1 
2 

2 

6 

5 

6 

6 

7 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


5 


It  is  very 
water  of  any 
temperature 
by  Regnault 


Oorreiipondtng 

Presmire  of  St«aiii 

tompwmtare. 

in  atnKwplMrM. 

100* 

3        . 

112 

3*5 

122 

4 

129 

4-6 

153 

17 

157 

•     18 

160 

19 

168 

20 

167 

21 

169 

22 

172 

28 

177 

24 

182 

25 

186 

80 

190 

85 

194 

40 

197 

45 

200-6 

50 

203 

OoiTMpoiidliig 
t«iiip«rHtiare. 


186*» 

140* 

145- 

149 

207 

209 

212 

214 

217 

219 

222 

224 

226 

286 

245 

253 

255 

266 


5 
5 


interesting  to  know  the  amount  of  heat  requisite  to  convert 
given  temperature  into  steam  of  the  same  or  another  given 
The  most  exact  experiments  on  this  subject  have  been  made 
He  arrived  at  this  result,  that  when  the  unit-weight  of  steam 
at  the  temperature  <^  is  converted  into  water  of  the  same  temperature,  and 
then  eooled  to  0^,  it  gives  out  the  quantity  of  heat  7,  which  is  represented 
by  tbe  formula: 

r  =  606  •  5  -f  0  •  805  «. 

This  formula  appears  to  hold  good  for  temppratnres  aboTe  and  below  the 
ordinary  boiling-point  of  water.  The  following  table  gives  the  values  of 
T,  corresponding  to  the  respective  temperatures  in  the  first  columns: 


i 

60 

100 
150 
200 


T 

606 
621 
637 
652 
667 


5« 

7 

0 

2 

6 


T  ts  called  the  total  heat  of  steam,  being  the  heat  required  to  raise  water 
from  CP  to  (,  together  with  that  which  becomes  latent  by  the  transformation 
of  water  of  t  into  steam  at  t  Regnault  states,  as  a  result  of  some  very  deli- 
cate experiments,  that  the  heat  necessary  to  raise  a  unit-weight  of  water 
from  (y*  to  tiB  not  exactly  denoted  by  t;  the  discrepancy,  however,  is  so 
small  that  it  may  be  disregarded.     Employing  the  approximate  Talue,  the 


60  HBAT. 


I 


latent  heat  of  steam,  X,  at  any  temperature  will  be  found  by  Babtraetiag  t 
from  the  total  heat;  or,  according  to  the  formula: 

Z=  606  5  —  0-695  £. 

This  equation  shows  us  the  remarkable  fact  that  the  latent  heat  of  stMo 
diminishes  as  the  temperature  rises.  Before  Regnault's  experiments  were 
made,  two  laws  of  great  simplicity  were  generally  admitted,  one  of  which, 
however,  contradicted  the  other.  Watt  concluded,  from  experiments  of  bis 
own,  as  well  as  from  theoretical  speculations,  that  the  total  heat  of  steam 
would  be  the  same  at  all  temperatures.  Were  this  true,  equal  weights  of 
steam  passed  into  cold  water  would  always  exhibit^the  same  heating  power, 
no  matter  what  the  temperature  of  the  steam  might  be.  Exactly  the  same 
abtoltUe  amount  of  heat,  and  consequently  the  same  quantity  of  fuel,  would 
be  required  to  evaporate  a  given  weight  of  water  in  vticiio  at  a  temperature 
which  the  hand  can  bear,  or  under  great  pressure,  and  at  a  high  tempera- 
ture. Watt's  Law,  though  agreeing  well  with  the  rough  practical  results 
obtained  by  engineers,  is  only  approximately  true ;  and  the  same  may  be 
said  of  the  deductions  which  have  just  been  made  from  it.  The  second  law, 
in  opposition  to  Watt's,  is  that  of  Southern,  stating  the  latent  heat  of  steam 
to  be  the  same  at  all  temperatures.  Regnault*s  researches  haye  shown 
that  neither  Watt's  law  (T  constant),  nor  Southern's  law  (L  coaatant)  is 
correct. 

The  economical  applications  of  steam  are  numerous  and  extremely  vala- 
able:  they  may  be  divided  into  two  classes:  those  in  which  the  heating 
power  is  employed,  and  those  in  which  its  elastic  force  is  brought  into  use. 
The  value  of  steam  as  a  source  of  heat  depends  upon  the  facility  with 
which  it  may  be  conveyed  to  distant  points,  and  upon  the  large  amount  of 
latent  heat  it  contains,  which  is  disengaged  in  the  act  of  condensation.  An 
invariable  temperature  of  100°,  or  higher,  may  be  kept  up  in  the  pipes  or 
other  vessels  in  which  the  steam  is  contained  by  the  expenditure  of  a  very 
small  quantity  of  the  latter.  Steam-baths  of  various  forms  are  used  in  the 
arts  with  great  convenience,  and  also  by  the  scientific  chemist  for  drying 
filters  and  other  objects  where  excessive  heat  would  be  hurtful:  a  very 
good  instrument  of  the  kind  was  contrived  by  Mr.  Everitt.  It  is  merely  a 
small  kettle  (fig.  37),  surmounted  by  a  double  box  or  jacket,  into  which 
the  substance  to  be  dried  is  put,  and  loosely  covered  by  a  card.  The  appa- 
ratus is  placed  over  a  lamp,  and  may  be  left  without  attention  for  many 
hours.  A  little  hole  in  the  side  of  the  jacket  gives  vent  to  the  excess  of 
steam. 

The  principle  of  the  steam-engine  may  be  described  in  a  few  words :  its 
mechanical  details  do  not  belong  to  the  design  of  the  present  volume.     The 

machine  consists  essentially  of  a  cylinder  or  metal 
Fig.  37.  a  (fig.  88),  in  which  a  closely  fitting  solid  piston 

works,  the  rod  of  which  passes,  air-tight,  through 
a  stuffing-box  at  the  top  of  the  cylinder,  and  is 
connected  with  the  machinery  to  be  put  in  motion, 
directly,  or  by  the  intervention  of  an  oscillating 
beam.  A  pipe  communicates  with  the  interior  of 
the  cylinder,  and  also  with  a  vessel  surrounded 
with  cold  water,  called  the  condenser  6,  into  which 
a  jet  of  cold  water  can  at  pleasure  be  introduced. 
A  sliding- valve  arrangement,  shown  at  c,  serves  to 
open  a  communication  between  the  boiler  and  the 
cylinder,  and  between  the  cylinder  and  the  con- 
denser in  such  a  manner  that  while  the  steam  is 
allowed  to  press  with  all  its  force  upon  one  aide  of  the  piston,  the  other, 
open  to  the  condenser,  is  necessarily  vacuous.     The  valve  is  shifted  by  the 


VBCine  itaeV  kt  the  proper  moment,  so  tbat  the  piston  ■■  klt«rn*t«l7  drinn 

bj  the  Bteam  up  knd  down  against  Kiaonum.    A  Iwge  air-pump,  not  shown 

in  Ibfl  eagraiiag,   is   coonecled   with   the 

coadenaer,   and  serrea  to    remoTe  mj  air  Fie.  ^■ 

that  majf  enter  the  cylinder,  and  Ueo  the 

water  produced  by  oondensalioa,  together 

with  that  which  maj  have  been  iigected. 
Such  la  the  vacuum  or  condeDBiog  eteam- 

engiae.     In  what  ia  called   the  high-prea- 

sure  engine,  the  oondenser  and  air-pump 

are  suppressed,  and  the  steam  is  allowed 

to  escape  at  once   from   the  cylinder  into 

tbe  atmosphere.    It  ie  obTioue  that  in  this 

arrangement  the   steam   has  to  OTercome 

the  whole  pressure  or  the  air,  end  a  much 

greater  elastic  force  is  required  to  produce 

tbe  same  effect;  but  this  is  lo  a  rer;  great 

extent  eompeneated  by  the  absence  of  the 

air-pump  and  the  increased  simplicity  of 

the   whole  machine.     Large  enginea,  both 

on  shore  and   in  iteamefaipq,  are   usually 

constructed  on   the  oondenaiug  principle, 

the  pressure  eeldoiQ  exceeding  aii  or  eeien 

pounds  per  square  inch  aboTe'that  of  the 

atmosphere;  for  small  enginea  the  high- 
pressure    plan     is,    perhaps,    preferable, 

LocomotiTe  engines  are  of  this  kind. 

A  peculiar   modiflcallon  of  the   steam- 
engine,  employed  in  Cornwall,  for  draining 

the  deep  mines  of  that  country,  is  now  get- 
ting into  use  elsewhere  for  other  purposea. 
Id  this  machine,  ecoaomj  of  fuel  is  citrried 

lo  a  most  eitraordiaary  extent,  engines  hsTing  been  known  to  perform  the 
<ft<(y  of  raising  more  (ban  lOO.OOO.UUO  lbs.  of  water  one  foot  high  by  the  cou' 
sninplion  of  a  single  bushel  of  coals.  The  engines  are  single-acting,  thedown- 
Blroke.  whieh  is  made  against  a  racuum.  being  the  effective  one,  and  em- 
ployed to'lift  the  enormous  weight  of  the  pump-rods  in  the  shaft  of  the 
mine.  When  the  piston  reaches  tbe  bottom,  the  commanication  both  with 
Ihe  boiler  and  the  condenser  is  cut  ofT,  while  an  tguiUbrivm-valst  is  opened 
conneoting  the  upper  and  lower  extremities  of  the  cylinder,  whereupon 
the  weigh!  of  the  pump-rods  draws  tbe  piston  lo  the  top  and  makes  Ibe 
up-ntroke.  The  engine  is  worked  rxpaniiBels,  as  it  is  termed,  steam  of 
high  tension  being  employed,  which  is  cut  off  at  one-ezgbth  or  even  one- 
tenth  of  the  stroke. 

Tbe  process  of  distillation,  which  nay  now  be  noticed,  ia  very  simple; 
its  object  is  either  to  separate  subslancee  which  rise  in  vapor  at  different 
temperatures,  or  to  part  a  volatile  liquid  from  a  substance  incapable  of 
Tolatiliiation.  The  same  process  applied  to  bodies  which  pass  directly 
from  the  solid  to  Ibe  gaseous  condition,  and  the  reveree,  is  called  lutlimaliaii, 
Erery  distillatory  apparatus  conaista  eaaentially  of  n  boiler,  in  which  the 
vapor  ia  raised,  and  of  a  condenser,  in  which  it  returns  to  Ibe  liquid  or 
tolid  condition.  In  tbe  still  employed  for  manufacturing  purposes,  (be 
latter  is  usually  a  spiral  metal  lube  immersed  in  a  tub  of  water.  The 
common  retort  and  receiver  constitute  the  simplest  arrangement  for  distil- 
Ution  on  the  small  scale;  the  retort  is  heated  by  a  gas  lamp,  and  the  re- 
ceiver ia  kept  cool,  if  neoessary,  by  a  wet  dotfa,  or  it  may  bs  surrounded 
with  ice.     (Fig.  89.) 
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Liebig'8  condenser  *  (fig.  40)  is  a  yery  Tftluable  instrument  in  tlie  labort- 
tory ;  it  consists  of  a  glass  tube  tapering  from  end  to  end,  fixed  by  per- 

Fig.ao. 


forated  corks  in  the  centre  of  the  metal  pipe,  provided  with  tubes  so  ar- 
ranged that  a  current  of  cold  water  may  circulate  through  the  apparatus. 
By  putting  ice  into  the  little  cistern,  the  water  may  be  kept  at  0^,  and 
extremely  volatile  liquids  condensed. 

J^.  40. 


Liquids  evaporate  at  temperatures  below  their  boiling-points:  in  this 
case  the  evaporation  takes  place  slowly  from  the  surface.  Water,  or  alco- 
hol, exposed  in  an  open  vessel,  at  the  temperature  of  the  air,  gradually 
disappears;  the  more  rapidly,  the  warmer  and  drier  the  air. 

This  fact  was  formerly  explained  by  supposing  that  air  and  gases  in 
general  had  the  power  of  dissolving  and  holding  in  solution  certain  quan- 

[•InTented  by  Weitzel.  the  elder,  of  Stockholm,  and  well  deicribed  •xtd  flguTBd  in  Qnf* 
OpentiTd  Chemitt.— R.  B.] 
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titles  of  liquids,  and  that  this  power  increased  with  the  temperature:  snoh 
an  idea  is  iticorreot. 

If  a  barometer-tube  be  carefally  filled  with  mercnry  and  inyerted  in  the 
usual  manner,  and  then  a  few  drops  of  water  passed  up  the  tube  into  the 
vacuum  above,  a  very  remarkable  effect  will  be  observed;  —  the  mercury 
wilt  he  depressed  to  a  small  extent,  and  this  depression  will  increase  with 
increase  of  temperature.  Now,  as  the  space  above  the  mercury  is  void 
of  air,  and  the  weight  of  the  few  drops  of  water  quite  inadequate  to  ac- 
count for  this  depression,  it  must  of  necessity  be  imputed  to  the  vapor 
which  instantaneously  rises  from  the  water  into  the  vacuum;  «^  ^| 
and  that  this  effect  is  really  due  to  the  elasticity  of  the  aqueous  ' 

vapor,  is  easily  proved  by  exposing  the  barometer  to  a  heat  of 
100^  C.  {2V1''  F.),  when  the  depression  of  the  mercury  will  be 
complete,  and  it  will  stand  at  the  same  level  within  and  with- 
out  the  tube;  indicating  that  at  that  temperature  the  elasticity 
of  the  vapor  is  equal  to  that  of  the  atmosphere  —  a  fact  which 
the  phenomenon  of  ebullition  has  already  shown. 

By  placing  over  the  barometer  a  wide  open  tube  dipping 
into  the  mercury  below,  and  then  filling  this  tube  with  water 
at  different  temperatures,  the  tension  of  the  aqueous  vapor 
for  each  degree  of  the  thermometer  may  be  accurately  deter- 
mined by  it4  depressing  effect  upon  the  mercurial  column; 
the  same  power  which  forces  the  latter  down  one  inch  against 
the  pressure  of  the  atmosphere,  would  of  course  elevate  a 
column  of  mercury  to  the  same  height  against  the  vacuum,  and 
in  this  way  the  tension  may  be  conveniently  expressed.  The 
following  table  was  drawn  up  by  Dalton,  to  whom  we  owe  the 
method  of  investigation: 


Temperature. 

Tension  In  inches 

Temperataro. 

Tension  in  inchei 

F. 

C. 

of  mercury. 

F. 

C. 

of  mercury. 

32«   . 

O** 

0200 

180» 

64-40 

434 

40    . 

44 

0  263 

140 

60 

6-74 

50    . 

10 

0-376 

150 

65-6 

7-42 

60    . 

16-6 

0-524 

160 

711 

9-46 

70    . 

211 

0  721 

170 

76-6 

1213 

80    . 

26-6 

1000 

180 

82-2 

15-15 

90    . 

32-2 

1-360 

190 

87-7 

19-00 

100    . 

37-7 

1-860 

200 

93-3 

23  64 

110    . 

43-8 

li'bSO 

212 

100 

80  00 

120    . 

48-8 

3-330 

Another  table  representing  the  tension  of  the  vapor  of  water,  drawn  up 
by  Regnault,  is  given  at  the  end  of  the  work. 

Other  liquids  tried  in  this  manner  are  found  to  emit  vapors  of  greater  or 
less  tension,  for  the  same  temperature,  according  to  their  different  degrees 
of  volatility :  thus,  a  little  ether  introduced  into  the  tube  depresses  the 
mercury  10  inches  or  more  at  the  ordinary  temperature  of  the  air;  oil  of 
▼itriol,  on  the  other  band,  does  not  emit  any  sensible  quantity  of  vapor 
until  a  much  greater  heat  is  applied ;  and  that  given  off  by  mercury  itself 
in  warm  summer  weather,  although  it  may  be  detected  by  very  delicate 
means,  is  far  too  little  to  exercise  any  effect  upon  the  barometer.  In  the 
case  of  water,  the  evaporation  is  quite  distinct  and  perceptible  at  the  lowest 
temperatures,  when  froien  to  solid  ice  in  the  barometer-tube:  snow  on  the 
ground,  or  on  a  house-top,  may  often  be  noticed  to  vanish,  from  the  same 
cause,  day  by  day  in  the  depth  of  winter,  when  melting  is  impossible. 

There  exists  for  eaeh  vapor  a  state  of  density  which  it  cannot  pass  with- 
out losing  its  gaseous  condition,  and  becoming  liquid ;  this  point  is  called 
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the  condition  of  mazimam  density.  When  a  volatile  liquid  is  introduced 
in  sufficient  quantity  into  a  vacuum,  this  condition  is  always  reached,  and 
then  evaporation  ceases.  Any  attempt  to  increase  the  density  of  this  vapor 
by  compressing  it  into  a  smaller  space  will  be  attended  by  the  liquefaction 
of  a  portion,  'the  density  of  the  remainder  being  unchanged.  If  a  little 
ether  be  introduced  into  a  barometer,  and  the  latter  slowly  sunk  into  a 
very  deep  cistern  of  mercury  (fig.  42),  it  will  be  found  that  the  height  of 
the  column  of  mercury  in  the  tube  above  that  in  the  cistern  remains  un- 
altered until  the  upper  extremity  of  the  barometer  ap- 
preaches  the  surface  of  the  metal  in  the  column  and  all 
the  ether  has  become  liquid.  It  will  be  observed  also, 
that,  as  the  tube  sinks,  the  stratum  of  liquid  ether  in- 
creases in  thickness,  but  no  increase  of  elastic  force  oe- 
curs  in  the  vapor  above  it,  and,  consequently,  no  increase 
of  density;  for  tension  and  density  are  always,  under 
ordinary  circumstances  at  least,  directly  proportionate  to 
each  other. 

The  point  of  maximum  density  of  vapor  is  dependent 
upon  the  temperature;  it  increases  rapidly  as  the  tem- 
perature rises.  This  is  well  shown  in  the  case  of  water. 
Thus,  taking  the  spec.  grav.  of  atmospheric  air  at  IWP 
=1000,  that  of  aqueous  vapor  in  its  greatest  state  of 
compression  for  the  temperature  will  be  as  follows: 


T«mperatiire. 

Speciflc  gravity. 

Weight  of  100  cobie 

0. 

F. 

iDches. 

0*> 

32° 

6-690 

0-186  grains. 

10 

60 

10-293 

0-247      " 

15-6 

60 

14108 

0-838      «« 

87-7 

100 

46-600 

1118      « 

66-6      . 

150 

170-293 

4076      " 

100 

212 

626  000 

14-962      " 

The  last  number  was  experimentally  found  by  Gay- 
Lussac;  the  others  are  calculated  from  that  by  the  aid  of 
Dalton's  table  of  tensions,  on  the  assumption  that  steam, 
not  in  a  state  of  saturation,  that  is,  below  the  point  of 
greatest  density,  obeys  the  laws  of  Mariotte  (which  is, 
however,  only  approximately  true)^  and  that  when  it  is 
cooled  it  contracts  like  the  permanent  gases. 

Thus,  there  are  two  distinct  methods  by  which  a  vapor 
may  be  reduced  to  the  liquid  form  — presture,  by  causing 
increase  of  density  until  the  point  of  maximum  density 
for  a  given  temperature  is  reached ;  and  eoldj  by  which 
the  point  of  maximum  density  is  itself  lowered.  The 
most  powerful  effects  are  produced  when  both  are  con- 
joined. 

For  example,  if  100  cubic  inches  of  vapor  of  water  at  100®  F.,  in  the 
state  above  described,  had  its  temperature  reduced  to  60®  F.,  not  less  than 
0-89*  grain  of  liquid  water  would  necessarily  separate,  or  very  nearly 
eight'tenths  of  the  whole. 

Evaporation  into  a  8pace  filled  with  air  or  gas  follows  the  same  law  as 
evaporation  into  a  vacuum:  as  much  vapor  arises,  and  the  condition  of 
maximum  density  is  assumed  in  the  same  manner,  as  if  the  space  were 
perfectly  empty ;  the  sole  difference  lies  in  the  length  of  time  required. 

*  100  cnb.  inch,  ftqnponn  TApor  at  100°  F.,  weighing  VI 18  grain,  would  at  M®  F.  beeome 
rednoed  to  91*07  cub.  inch.,  weighing  0*225  grain. 
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When  a  liquid  eTaporates  into  a  vaouum,  the  point  of  greatest  density  is 
attained  ai  once,  while  in  the  other  case  some  time  elapses  before  this 
happens :  the  particles  of  air  appear  to  oppose  a  sort  of  mechanical  resist- 
ance to  the  rise  of  the  Taper.  The  ultimate  effect  is,  however,  precisely 
the  same.  • 

When  to  a  quantity  of  perfectly  dry  gas  confined  in  a  vessel  closed  by 
mereary  a  little  water  is  added,  the  latter  immediately  begins  to  evaporate, 
and  after  some -time  as  much  vapor  will  be  found  to  have  risen  from  it  as 
if  no  gas  had  been  present,  the  quantity  depending  entirely  on  the  tempera- 
ture to  which  the  whole  is  subjected.  The  tension  of  this  vapor  will  add 
itself  to  that  of  the  gas.  and  produce  an  expansion  of  volume,  which  will  be 
indicated  by  an  alteration  of  level  in  the  mercury. 

Vapor  of  water  exists  in  the  atmosphere  at  all  times  and  in  all  situations, 
and  there  plays  a  most  important  part  in  the  economy  of  nature.  The  pro- 
portion of  aqueous  vapor  present  in  the  air  is  subject  to  great  variation, 
and  it  often  becomes  important  to  determine  its  quantity.  This  is  easily 
done  by  the  aid  of  the  foregoing  principles. 

Dew- Point, — If  the  aqueous  vapor  be  in  its  condition  of  greatest  possible 
density  for  the  temperature,  or,  as  it  is  frequently,  but  most  incorrectly, 
expressed,  the  air  be  saturated  with  vapor  of  water,  the  slightest  reduction 
of  temperature  will  cause  the  deposition  of  a  portion  in  the  liquid  form. 
If,  on  the  contrary,  as  is  almost  always  in  reality  the  case,  the  vapor  of 
water  be  below  its  state  of  maximum  density,  that  is,  in  an  expanded  con- 
dition, it  is  dear  that  a  considerable  fall  of  temperature  may  occur  before 
liquefaction  commences.  The  degree  at  which  this  takes  place  is  called  the 
dew-point,  and  it  is  determined  with  great  facility  by  a  very  simple  method. 
A  little  cup  of  thin  tin  plate  or  silver,  well  polished,  is  filled  with  water  at 
the  temperature  of  the  air,  and  a  delicate  thermometer  inserted.  The 
water  is  then  cooled  by  dropping  in  fragments  of  ice,  or  dissolving  in  it 
powdered  sal-ammoniac,  until  moisture  begins  to  make  its  appearance  on  the 
outside,  dimming  the  bright  metallic  surface.  The  temperature  of  the  dew- 
point  is  then  read  off  upon  the  thermometer,  and  compared  with  that  of 
the  air. 

Suppose,  by  way  of  example,  that  the  latter  were  70°  F.,  and  the  dew- 
point  50°  F.,  the  elasticity  of  the  watery  vapor  present  would  correspond 
to  a  maximum  density  proper  to  50°  F.,  and  would  support  a  column  of 
mercury  0*375  inch  high.  If  the  barometer  on  the  spot  stood  at  80  inches, 
therefore,  29-625  inches  would  be  supported  by  the  pressure  of  the  dry  air, 
and  the  remaining  0-375  inch  by  the  vapor.  Now  a  cubic  foot  of  such  a 
mixture  must  be  looked  upon  as  made  up  of  a  cubic  foot  of  dry  air,  and  a 
cubic  foot  of  watery  vapor,  occupying  the  same  space,  and  having  tensions 
indicated  by  the  numbers  just  mentioned.  A  cubic  foot,  or  1728  cubic 
inches  of  vapor,  at  70°  F.,  would  become  reduced  by  contraction,  according 
to  the  usual  law,  to  1662*8  cubic  inches  at  50°  F. ;  this  vapor  would  be  at  its 
maximum  density,  having  the  specific  gravity  pointed  out  in  the  table ; 
hence  1662*8  cubic  inches  would  weigh  4*11  grains.  The  weight  of  the 
aqueous  vapor  contained  in  a  cubic  foot  of  air  will  thus  be  ascertained.  In 
this  country  the  difference  between  the  temperateire  of  the  air  and  the  dew- 
point  seldom  reaches  30°  F.  (16*6°  C.)  degrees;  but  in  the  Deccan,  with  a 
temperature  of  90°  F.  (32*2°  C.),  the  dew-point  sinks  as  low  as  29°  F.,  mak- 
ing the  degrees  of  dryness  61°  F.* 

Another  method  of  finding  the  proportion  of  moisture  present  in  the  air 
is  to  observe  the  rapidity  of  evaporation,  which  is  always  in  some  relation 
to  the  degree  of  dryness.  The  bulb  of  a  thermometer  is  covered  with  mus- 
lin, and  kept  wet  with  water;  evaporation  produces  cold,  as  will  presently  be 
seen,  and  accordingly  the  thermometer  soon  sinks  below  the  actual  tem- 

^  Daniell,  Introdactlon  to  Chemical  Pbilottophy,  p.  154. 
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peralure  of  the  air.  When  il  oomea  to  rest,  the  degree  i«  noUoed,  Mid  from 
a  comparisan  of  the  two  CemperBlurei  an  ■pprozimMioD  to  the  dew-po.ut 
f^  ^  can  be  obtaiaed  by  the  aid  of  a  mathematical  tonnulai  cou- 
IriTed  for  the  purpose.  This  ia  called  the  wet-bulb  hjip-om- 
«ler:  it  is  olten  made  in  the  manner  shown  in  fig,  43.  whers 
one  thermometer  aerTes  to  indicate  the  temperature  of  the  ur. 
and  the  ether  to  ahow  the  rate  of  BTaporation,  being  kept  wet 
bf  the  thread  dipping  in  the  water  reaerroir.   - 

LigutfacUen  of  Giua.  —  The  perfect  reeemblance  in  everj 
respect  which  Tapcra  bear  to  permanent  gases,  led,  verf 
naturally,  to  the  idea  that  the  latter  might,  b;  Ifae  appUcsiioB 
of  suitable  means,  he  made  to  auume  the  liquid  condilioa.  and 
thia  Burmiae  was,  in  the  hands  of  Mr.  Farada;,  to  a  grem-t  ex- 
tent verified.  Out  of  the  small  number  of  such  subst&ncea 
tried,  not  less  than  eight  garewa;;  and  it  ia  quite  fair  to 
infer  that,  had  tueane  of  sufficient  power  been  at  hand,  the 
rest  would  have  shared  the  same  fate,  and  proved  to  bo  nolliing 
more  than  the  rapora  of  volatile  liquids  in  a  state  very  far  re- 
moved from  that  of  their  maximum  denaitj.  The  sut(joiaed 
table  represents  the  results  of  Mr.  Faraday's  first  investigft- 
tiona,  with  the  pressure  in  atmasphereB,  and  the  teaperaturca 
at  which  the  condensation  takes  place.* 


Bulphnr  dioxide       .         .  2        .         .         .  1-2"  46° 

Hydrogen  sulphide      .        .  IT     .         .         ,  10  60 

Carbon  dioxide         ..  86        ...  0  82 

Chlorine       .         .         .         .       4    .         .        .  16-6  60 

Nitrogen  monoxide  .         ,  60        .         .         .       T-2  46 

Cyanogen     .        .         .         .       S-6  .         .  7-2  46 

Ammonia  .         .         ,  66     ...  10  60 

Hydrochloric  acid        ..  40    ...  10  60 

The  method  of  proceeding  waa  verj  simple:  the  materiala  were  sealed 
up  in  a  strong,  narrow  tube,  together  with  a  little  preBBure-gnage,  consist- 
ing of  a  slender  lube,  closed  at  one  end,  and  having  witbin  it,  near  the 
open   extremity,  a  globule  of 
Fig-U.  mercury.     The  gas  being  dis- 

engaged by  heat,  accumulated 
in  the  lube,  and  by  its  own 
pressure  brought  a  bent  con- 
densation. Tbe  force  required 
for  this  purpose  was  judged 
of  by  the  diminution  of  volume  of  the  air  in  tbe  gauge. 

Mr.  Faraday  bas  since  reaumed,  with  the  happiest  results,  the  subject 
of  the  liquefaction  of  the  permnnent  gftses.  By  ueing  narrow  green  glass 
lubes  of  great  stretiglh,  powerful  condenaing  syringfeB.  and  an  extremely 
low  temperature,  produced  by  means  to  be  presently  described,  oltBant  gas, 
hydriodic  and  hydrobroinic  acids,  phosphorettcd  hydrogen,  and  the  gaseous 
fluorides  of  silicon  Bnd  boron,  were  succeBBiveiy  liquefied.  Oxygen,  hydro- 
gen, nilrogen,  nitrogpn  dioxide,  csriion  monoxide,  and  marsh  gas,  refused 
to  liquefy  at— IGU"  F.,  while  subjected  to  pressures  varying  from  27  to 
68  atmoBpheres. 

Sir  Isambard  Brunei,  and,  more  recently,  M.  Thilorier,  of  Paris,  succeeded 
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In  obtaining  llqnid  enrbon  diozida  (oommonly  Mklled  earbstiie  Mtid)  iv 
grrkt  kbandsoce.  The  apparktas  of  M.  Tfailorier  oodbIbu  of  ft  p«Jr  of  es- 
trenelj  strong  msUllie  veiBcls,  one  of  which  is  dcatinsd  lo  serre  ths  pur- 
pose of  •  retorl,  nod  the  other  that  of  a  reaeiTer.  Thej  are  made  either 
of  thiok  CKSt  iroD  or  gun-meUl,  or.  still  better,  of  the  beat  and  hea*ie»t 
boiler-plate,  and  are  Airtiished  «ith  slap-oocki  of  a  pcouliar  kind,  the 
workmanship  of  whtcb  toast  be  eicelUnt.  The  ^Derating  Tessel  or  retort 
has  a  pair  of  trannioni  Qpon  which  it  swings  in  an  iron  frame.  The  joints 
are  seeuriMl  bj  cottars  of  lead,  and  every  preoaution  taken  to  prevent  leak- 
age  under  the  enormons  presiare  the  lessel  has  Ifl  bear.  The  reoeiver  re- 
eemblMi  the  retort  in  CTer;  respect;  it  has  a  limilar  stop-oock,  and  is  con- 
□eeted  with  the  retort  b;  a  strong  copper  tube  and  a  pair  of  union  sorew- 
jointa;  a  tobe  passes  from  the  stop-cock  downwardsi  and  tarminatea  near 
the  bottom  of  the  lesael. 

The  operatioD  is  thus  oonduoted:  2 j  lb.  of  aoid  sodium  earb<malei  and 
6^1h.  of  water  at  100°  F.,  are  introduced  into  the  generator;  oil  of  vitriol 
to  the  amount  of  1}  lb.  Is  ponr»d  into  a  copper  «7UDdrioBl  vessel,  which  U 


lowered  down  into  the  miilure,  and  set  opright;  the  stop-cock  is  then 
Krewed  into  its  place,  and  forced  home  by  a  spanner  and  mallet.  The 
machine  ia  next  tilted  up  on  its  trunnions,  that  the  acid  may  run  out  of  the 
cylinder  and  mix  with  the  other  conteniB  of  the  generator;  and  this  mil- 
lure  is  favored  bj  swinging  the  whole  backward  and  forward  for  a  few 
minutes,  after  which  it  may  be  suffered  to  remain  a  little  time  at  resL 

The  receiver,  surrounded  with  ico,  is  next  conneoted  with  the  generator, 
and  both  cocks  opened;  the  liquefied  carbon  dioxide  distils  over  into  the 
colder  vessel,  and  there  again  in  part  condense!.  The  cocks  are  now 
closed,  the  vessels  disconnected,  the  cock  of  the  generator  opened  to  allow 
the  contained  gas  to  escape;  and.  lastly,  when  the  issue  of  gas  hu  gtau 
tmud,  Ihe  stop-cock  itself  is  unscrewed,  and  the  sodium  sulphate  tamed 
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out.  This  operfttion  mast  be  repented  fire  or  six  times  before  Any  Tery 
eonsiderable  quantity  of  liquefied  carbon  dioxide  will  haye  accumulated  io 
the  receiTer.  When  the  receiver  thus  charged  has  its  stop-cock  opened,  % 
stream  of  the  liquid  is  forcibly  driven  up  the  tube  by  the  elasticity  of  the 
gas  contained  in  the  upper  part  of  the  vessel. 

The  experimenter  incurs  great  personal  danger  in  using  this  apparatus, 
unless  the  utmost  care  be  taken  in  its  management.  A  dreadful  accident 
occurred  in  Paris  by  the  bursting  of  one  of  the  iron  yessels. 

Liquid  carbon  dioxide  is  also  very  frequently  prepared  by  means  of  an 
apparatus  constructed  by  M.  Natterer,  of  Vienna,  which  enables  the  ex- 
perimentalist to  work  with  less  risk.  The  gas  disengaged  by  means  of 
sulphuric  acid  from  acid  potassium  carbonate,  is  pumped  by  means  of  a 
force-pump  into  a  wrought*iron  vessel,  exactly  as  the  air  is  pumped  into 
the  receiver  of  an  air-gun.  When  a  certain  pressure  has  been  reached, 
the  gas  is  liquefied,  and  if  the  pumping  be  continued,  considerable  quan- 
tities of  the  liquid  carbon  dioxide  may  be  thus  obtained.  By  this  apps* 
ratus  nitrous  oxide  gas  has  been  condensed  to  a  liquid  without  the  use  of 
frigorific  mixtures. 

The  cold  produced  by  evaporation  has  been 
already  advened  to:  it  is  simply  an  eiTect 
arising  from  the  conversion  of  sensible  heat 
into  latent  by  the  rising  vapor,  and  it  may  b« 
illustrated  in  a  variety  of  ways.  Ether  drop- 
ped on  the  hand  thus  produces  the  sensation 
of  great  cold ;  and  water  contained  in  a  thin 
glass  tube,  surrounded  by  a  bit  of  rag,  is 
speedily  frozen  when  the  rag  is  kept  wetted 
with  ether. 

When  a  little  water  is  put  into  a  watch-glass,  supported  by  a  triangle  of 
wire  over  a  shallow  glass  dish  of  sulphuric  acid  placed  on  the  plate  of  a 
good  air-pump,  the  whole  covered  with  a  low  receiver,  and  the  air  with- 
drawn as  perfectly  as  possible,  the  water  is  in  a  few  minutes  converted 
into  a  solid  mass  of  ice.  The  absence  of  the  impediment  of  the  air,  and 
the  rapid  absorption  of  watery  vapor  by  the  oil  of  vitriol,  induce  such 
quick  evaporation  that  the  water  has  its  temperature  almost  immediately 
reduced  to  the  freezing-point. 

The  same  fact  is  shown  by  Wollaston's  ert/opharus,  or  frost-carrier.  It 
is  a  glass  vessel  of  the  figure  represented  in  fig.  47,  and  contains  a  small 
quantity  of  water,  the  rest  of  the  space  being  vacuous.  When  all  the 
water  is  turned  into  the  bulb,  and  the  empty  extremity  plunged  into  a 
mixture  of  ice  and  salt,  the  solidification  of  the  vapor  gives  rise  to  so  quick 
an  evaporation  from  the  surface  of  the  water,  that  the  latter  freezes. 

1^.47. 


All  means  of  producing  artificial  cold  yield  to  that  derived  from  the  eva- 
poration of  the  liquefied  carbon  dioxide  just  mentioned.  When  a  jet  of 
that  liquid  is  allowed  to  issue  into  the  air  from  a  narrow  aperture,  so  intense 
a  degree  of  cold  is  produced  by  the  cvaporization  of  a  part,  that  the  re- 
mainder freezes  to  a  solid,  and  falls  in  a  shower  of  snow.  By  sufiPering  this 
jet  of  liquid  to  flow  into  a  metal  box  provided  for  the  purpose,  shown  in 
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fig.  45,  a  large  quantity  of  the  solid  oxide  may  be  obtained :  it  closely  re- 
sembles snow  in  appearance,  and  when  held  in  the  hand  occasions  a  painAil 
sensalion  of  cold,  while  it  gradually  disappears.  When  it  is  mixed  with  a 
little  ether,  and  poured  upon  a  mass  of  mercury,  the  latter  is  almost  in- 
stantly frozen,  and  in  this  way  pounds  of  the  solidified  metal  may  be  ob- 
tained. The  addition  of  the  ether  facilitates  the  contact  of  the  carbon 
dioxide  with  the  merciiry. 

The  temperature  of  a  mixture  of  solid  carbon  dioxide  and  ether  in  the 
air,  measured  by  a  spirit-thermometer,  was  found  to  be^lOG**  F. ;  when  the 
same  mixture  was  placed  beneath  the  receiyer  of  an 
air-pump,  and  exhaustion  rapidly  made,  the  tem- 
perature sank  to  — 166**  F.  This  was  the  method 
of  obtaining  extreme  cold  employed  by  Mr.  Far- 
aday in  his  last  experiments  on  the  liquefaction 
of  gases.  Under  such  circumstances  the  liquefied 
hydriodic  and  hydrobromic  acids,  sulphur  diox- 
ide, carbon  dioxide,  nitrogen  monoxide,  hydrogen 
sulphide,  cyanogen,  and  ammonia,  froze  to  color- 
less transparent  9oUd»,  and  alcohol  became  thick 
and  oily. 

The  principle  of  the  cryophorus  has  been  yery 
happily  applied  by  Mr.  Daniell  to  the  construction 
of  a  dew-point  hygrometer,  fig.  48.     It  consists 
of  a  bent  glass  tube  terminated  by  two  bulbs,  one 
of  which  is  half  filled  with  ether,  the  whole  being 
vacuous  as  respecta  atmospheric  air.     A  delicate 
thermometer  is  contained  in  the  longer  limb,  the 
bulb  of  which  dips  into  the  ether ;  a  second  ther- 
mometer on  the  stand  seryes  to  show  the  actual 
temperature  of  the  air.     The  upper  bulb  is  cov- 
ered with  a  bit  of  muslin.     When  an  obserration 
is  to  be  made,  the  liquid  is  all  transferred  to  the 
lower  bulb,  and  ether  dropped  upon  the  upper 
one,  until  by  the  cooling  effect  of  evaporation  a  distillation  of  the  contained 
liquid  takes  place  from  one  part  of  the  apparatus  to  the  other,  by  which 
such  a  reduction  of  temperature  of  the  ether  is  brought  about  that  dew  is 
deposited  on  the  outside  of  the  bulb,  .which  is  made  of  black  glass  in  order 
that  it  may  be  more  easily  seen.     The  difference  of  temperature  indicated 
by  the  two  thermometers  is  then  read  off. 
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SPECIFIC  HEAT. 

It  is  a  rery  remarkable  fact  that  equal  weights  of  different  substances 
baTing  the  same  temperature  require  different  amounts  of  heat  to  raise 
them  to  a  given  degree  of  temperature.  If  1  lb.  of  water,  at  100°,  be 
mixed  with  1  lb.  at  40°,  then,  as  is  well  known,  a  mean  temperature 

100  4.40 

of 5 =  70  is  obtained.    In  the  same  way  the  mean  temperature  is 

found  when  warm  and  cold  oil,  or  warm  and  cold  mercury,  &c.,  are  mixed 
together.  But  if  1  lb.  of  water  at  100°  be  mixed  with  1  lb.  of  olive  oil  at 
40°,  or  with  1  lb.  of  mercury  at  40°,  then  instead  of  the  mean  temperature 
of  70°,  in  the  one  case  80°,  in  the  other  case  98°,  will  be  obtained :  20 
degrees  of  heat,  which  the  water  (by  cooling  from  100°  to  80°)  gave  to  the 
same  weight  of  oil,  were  sufficient  to  raise  the  oil  40°,  that  is,  from  40°  to 
80°;  and  2°,  which  the  water  lost  by  cooling  from  100°  to  98°.  sufficed  to 
heat  an  equal  quantity  of  mercury  68°,  namely,  from  40°  to  98°. 
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It  IB  eTident  from  these  experiments  that  the  quantities  of  heat  which 
equal  weights  of  water,  oliTe  oil,  and  mercury,  require  to  raise  their  tem- 
perature to  the  same  height,  are  unequal,  and  that  they  are  in  the  propor- 
tion of  the  numbers  1  :  f  J  :  ^,  or  1  :  | :  y\y. 

These  quantities  of  heat,  expressed  relatiyely  to  the  quantity  of  heat  re- 
quired to  raise  the  temperature  of  an  equal  weight  of  water  from  0^  tx>  1° 
C.,  are  called  the  tpfcijic  heat*  of  the  Tarious  substances:  thus  the  ex- 
periments just  described  show  that  the  specific  heat  of  oliTe  oil  is  ^,  that 
is  to  say,  the  quantity  of  heat  which  would  raise  the  temperature  of  any 
given  quantity  of  olive  oil  from  0°  to  1^  would  raise  that  of  an  equal  weight 
of  water  only  from  0^  to  4**,  or  of  half  that  quantity  of  water  from  0° 
to  1°.. 

The  specific  heats  of  bodies  are  sometimes  said  to  measure  their  relative 
capacities  for  heat. 

There  are  three  distinct  methods  by  which  the  specific  heats  of  various 
substances  may  be  estimated.  The  first  of  thene  is  by  observing  the  quantity 
of  ice  melted  by  a  given  weight  of  the  substance  heated  to  a  partieolar 
temperature;  the  second  is  by  noting  the  time  which  the  heated  bodj  re* 
quires  to  cool  down  through  a  certain  number  of  degrees;  and  the  third  is 
the  method  of  mixture,  on  the  principle  illustrated:  this  latter  method  is 
preferred  as  the  most  accurate. 

The  determination  of  the  specific  heat  of  different  substances  has  oc- 
cupied the  attention  of  many  experimenters;  among  these,  Dulong  and 
Petit,  and  recently  Regnault  and  Kopp,  deserve  especial  mention. 

From  the  observation  of  these  and  other  physicists,  it  follows  that  each 
body  has  its  peculiar  specific  heat,  and  that  the  specific  heat  increases 
witiL  increase  of  temperature.  If,  for  example,  the  heat  which  the  unit 
of  water  loses  by  cooling  from  10®  to  0°  be  marked  at  10®,  then  the  loss  by 
cooling  from  50®  to  0®  will  be,  not  60,  corresponding  to  the  difference  of 
temperature,  but  50*1.  By  cooling  from  100®  to  0®  it  is  100*5,  and  rises  to 
203*2  when  the  water  is  heated  under  great  pressure  to  200®  and  afterwards 
cooled  to  0®.  Similar  and  even  more  striking  differences  have  been  found 
with  other  substances.  It  has  also  been  proved  that  the  specific  heat  of 
any  substance  is  greater  in  the  liquid  than  in  the  solid  state.  For  example, 
the  specific  heat  of  ice  is  0*504,  that  is,  not  more  than  half  as  great  as  that 
of  liquid  water. 

It  is  remarkable  that  the  specific  bent  of  water  is  greater  than  that  of 
all  other  solid  and  liquid  substances,  and  is  only  exceeded  by  that  of 
hydrogen.  The  specific  heat  of  the  solid  parts  of  the  crust  of  the  globe  is 
on  an  average  },  and  that  of  an  atmosphere  nearly  \  that  of  water. 

If  the  specific  heat  of  any  body  within  certain  degrees  of  temperature  be 
accurately  known,  then  from  the  quantity  of  heat  which  this  body  gives  out 
when  quickly  dipped  into  cold  water,  the  temperature  to  the  which  the  body 
was  heated  may  be  determined.  Pouillet  has  founded  on  this  fact  a  method 
of  measuring  high  temperatures,  and  for  this  purpose,  with  the  help  of 
the  air-thermometer,  he  has  determined  the  specific  heat  of  platinum  up 
to  1000®. 

The  determination  of  the  specific  heat  of  gases  is  attended  with  peculiar 
difiiculties.  on  account  of  the  comparntivcly  large  volume  of  small  weights 
of  gases.  For  many  gases,  however,  satisfactory  results  have  been  ob- 
tained by  the  method  of  mixing. 

When  a  gas  expands,  heat  becomes  latent.  The  amount  of  heat  required, 
therefore,  to  raise  a  gas  to  any  given  temperature  increases  the  more  the 
gas  in  question  is  allowed  to  expand.  The  quantity  of  heat  which  the 
unit- weight  of  a  gas  requires  in  order  to  raise  its  temperature  1®  without 
its  volume  undergoing  any  change  (which  can  only  take  place  by  the  pres- 
sure being  simultaneously  augmented)  is  called  the  specific  heat  of  the 
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gas  at  constant  volume.  The  quantity  of  heat  required  by  the  unit- weight 
of  a  gas  to  rttise  \t&  temperature  1^,  it  being  at  the  same  time  allowed  to 
dilate  to  such  an  extent  that  the  pressure  to  which  it  is  exposed  remains 
unchanged,  is  called  the  specific  heat  of  the  gas  at  conttant  presture.  Ac> 
cording  to  what  has  already  been  stated,  the  specific  heat  at  constant  pres- 
sure must  be  greater  than  that  at  constant  volume.  Dulong  found,  in  the 
case  of  atmospherie  air,  of  oxygen,  of  hydrogen,  and  of  nitrogen,  that  the 
two  specific  heats  are  in  the  proportion  1-421  :  1.  For  carbon  monoxide, 
howeTer,  he  obtained  the  proportion  of  1*428,  for  carbon  dioxide  1*887,  for 
nitrogen  dioxide  1*843,  ana  for  defiant  gas  1*24  to  1.  The  exact  determi- 
nation of  these  ratios  is  extremely  difficult,  and  the  results  of  different 
physicists  by  no  means  agree. 

The  first  satisfactory  comparison  of  the  specific  heat  of  air  with  that  of 
water  waa  inade  by  Connt  Rumford ;  later  comparisons  of  the  specific  heat 
of  Tarious  gases  have  been  made  by  Belaroohe  and  Berard,  Dulong  and 
llegnault. 

The  first  researches  of  Belaroohe  and  Berard  furnished  the  results  em- 
bodied in  the  following  table :  — 


Atmospheric  air 
Oxygen 
Hydrogen 
Nitrogen     . 
Carbon  monoxide  . 
Nitrogen  monoxide 
Carbon  dioxide 
defiant  gas 
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Sqnal  Tolumes. 

The  Tolames  The  prMrare 

ooDfltant.  coniiUuit. 


1 

1 

1 

1 

1 

1*227 

1*249 

1*754 


Tkixal  weights. 
Alr  =  l.  Water  =  1. 


1 

0*2669 

0*9045 

0*2414 

14*4510 

8*8569 

1*0296 

0*2748 

10837 

0-2769 

1160 

0-7607 

0-2030 

1*176 

0*7685 

0*2051 

1*681 

1*5829 

0-4226 

The  latest  and  most  trustworthy  determinations  are  those  of  Regnault, 
which  are  given  in  the  subjoined  table.  Its  second  column  of  figures, 
headed  *'For  equal  weights.  Water  =sl,"  contains  the  specific  heats  of 
the  gases  under  constant  pressure,  that  of  water  being  taken  equal  to  1. 
As  it  is  both  useful  and  interesting  to  compare  the  quantities  of  heat  which 
gases,  having  equal  volumes  at  0^  and  760  ■».,  require  to  raise  them  1**,  the 
pressure  remaining  constant,  they  have  been  given  under  the  head  "For 
equal  volumes"  in  the  third  column  of  the  table,  wherein,  it  should  be  stated, 
the  unit  of  heat  is  the  amount  of  heat  required  to  heat  a  unit- weight  of 
water  1°,  while  the  unit  of  volume  is  the  volume  of  a  unit-weight  of  air  at 
0°  and  760  ■■.  The  first  column  gives  the  specific  gravity  of  the  gases  re- 
ferred to  air  as  1. 


SPECIFIC  HBAT  AT  CONSTANT  PRESSURE. 


fi^iflc  Gravity. 

For  equal  weights. 

Tor  equal 

GOMS. 

Air  =  l. 

Water  =  1. 

volomea. 

Atmospheric  air    . 

1 

02377 

0-2877 

Oxygen     . 

.      11056 

0-2176 

02406 

Nitrogen 

0-9718 

02438 

0.2368 

Hydrogen . 

.      00692 

8*4090 

0-2359 

Chlorine         .        •        • 

2-4502 

P1210 

0-2966 

Bromine  vapor  . 

.      5*4772 

0*0556 

0-8040 

Carbon  monoxide  • 

0-9670 

0-2450 

0-2370 

Carbon  dioxide 

.      1*5210 

0-2169 

0*8807 
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Specific  OrftTitj. 

For  eqiud  wtl^U.        For  equal 

Qtam. 

Air=l. 

Water  =  1. 

volttmea. 

Nitrogen  monoxide    . 

.      1'5241 

0-2262 

03447 

Nitrogen  dioxide    . 

1  -0384 

0-2317 

02406 

Olefiant  gas 

.      0-9672 

0-4U40 

0-4106 

Marsh  gas      .... 

0-5627 

0  6929 

0-3277 

Aqueous  Tapor  . 

.      0-6220 

0-4805 

0-2989 

Sulphuretted  hydrogen . 

11 746 

0-2482 

0-2867 

Sulphur  dioxide 

2-2112 

01544 

0  3414 

Vapor  of  oarbon  bisulphide 

.      2-6258 

.     •   0  1569 

0-4122 

Hydrochloric  acid 

1-2596 

01862 

0-2333 

Ammonia  .... 

.      0-5894 

0-5084 

0-2996 

The  researches  of  Delaroche  and  Berard  led  them  to  suppose  that  the 
specific  heat  of  gases  increased  rapidly  as  the  temperature  was  raised,  and 
that  for  a  given  volume  of  gas  it  increased  in  proportion  to  the  denaity  or 
tension  of  the  gas.  Regnault  found,  however,  the  quantity  of  heat  which  a 
given  volume  of  gas  requires  to  raise  it  to  a  certain  temperature,  to  be  in- 
dependent of  its  density ;  and  that  for  each  degree  between  —  80^  and  225° 
it  is  constant.  Carbon  dioxide,  however,  forms  an  exception  to  this  rale,  its 
specific  heat  increasing  with  the  temperature.  Regnault  believes  that  other 
gases  agree  with  carbon  dioxide  in  showing  this  anomaly,  but  he  has  not 
established  it  by  experiment.  In  the  table,  mean  values  for  temperatures 
between  10°  and  200®  have  been  given. 

Several  physicists  have  held  that  the  specific  heats  of  elementary  gases, 
referred  to  equal  volumes,  are  identical.  The  numbers  which  Regnault 
found  for  chlorine  and  bromine,  however,  show  that  the  law  does  not  hold 
good  for  all  elementary  gases. 

It  has  been  already  stated  that,  when  a  gas  expands,  heat  becomes  latent. 
If  a  gas  on  expanding  be  not  supplied  with  the  requisite  heat,  its  tempera- 
ture falls  on  account  of  its  own  free  heat  becoming  latent.  On  the  other 
hand,  if  a  gas  be  compressed,  this  latent  heat  becomes  free,  and  causes  an 
elevation  of  temperature,  which,  under  favorable  circumstances,  maj  be 
raised  to  ignition:  syringes  by  wliich  tinder  is  kindled  are  constructed  on 
this  principle. 

Bulong  and  Petit  observed  in  the  course  of  their  investigation  a  most  re- 
markable circumstance.  If  the  specific  heats  of  bodies  be  computed  upon 
equal  weights,  numbers  are  obtained  all  different,  and  exhibiting  no  simple 
relations  among  themselves;  but  if,  instead  of  equal  weights,  quantities  be 
taken  in  the  proportion  of  the  atomic  weights,  an  almost  perfect  coinci- 
dence in  the  numbers  will  be  observed,  showing  that  some  exceeding  inti- 
mate connection  must  exist  between  the  relations  of  bodies  to  heat  and 
their  chemical  nature;  and  when  the  circumstance  is  taken  into  view, 
that  relations  of  even  a  still  closer  kind  link  together  chemical  and 
electrical  phenomena,  it  is  not  too  much  to  expect  that  ere  long  some  law 
may  be  discovered  far  more  general  than  any  with  which  we  are  yet  ac- 
quainted. 

In  the  following  table  the  elementary  bodies  are  arranged  nearly 
in  the  order  of  their  specific  heats,  as  determined  by  Regnault,  begin- 
ning with  those  whose  specific  heat  is  the  greatest;  and  this  order,  it 
will  be  observed,  is  the  inverse  of  that  of  the  atomic  weights  in  the  third 
column:  — 
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Spedfie  ffeaU  of  Elementary  Bodies, 


Bemente. 

Specific  Hutt 
(that  of 

IVater—l). 

Atomic 
WeightM. 

Product  of 
8p.  Ueat  X 
At.  Weight. 

Lithium  .... 

09408 

7 

6-59 

Sodium 

• 

0.2934 

28 

6-76 

Aluminium 

0-2143 

27.5 

6-89 

Phosphorus  {iXi*! 

0-2120 
01887 

}    "    { 

6  67 
6-85 

Sulphur 

0-2026 

82 

6-48 

Potassium 

01696 

89 

6-61 

Iron    . 

0-1138 

66 

6-37 

Nickel     . 

0  1086 

68-7 

6-37 

Cobalt 

01070 

68-7 

6-28 

Copper    . 

0-9616 

68-5 

6-04 

Zinc    . 

0  9566 

65 

6-24 

Arsenic  . 

0-8140 

76 

6-10 

Selenium     . 

0-7616 

79 

602 

Bromine  (solid) 

0-8432 

80 

6-76 

Palladium  . 

0-5928 

106-6 

6-31 

Silver 

0-6701 

108 

6-16 

Cadmium    . 

0-6669 

112 

6.36 

Tin          ... 

06623 

118 

6-63 

Antimony   . 

0-6077 

122 

619 

Iodine     . 

0-5412 

127 

6-87 

Tellurium  . 

0-4737 

128 

6-06 

Gold        .        • 

0-3242 

196-7 

6-88 

Platinum    . 

0-8113 

197-4 

6-15 

Me'c-'y{fS^d 

0-8192 
0-3332 

1     200       / 

6-38 
6-66 

Lead 

0-8140 

207 

6-50 

Bismuth 

0-3084 

210 

6-48 

A  comparison  of  the  numbers  in  the  fourth  column  of  this  table  shows 
that  for  a  considerable  number  of  elementary  bodies  in  the  solid  state  the 
specific  heats  are  very  nearly  proportional  to  the  atomic  weights,  so  that 
the  products  of  the  specific  heats  of  the  elements  into  their  atomic  weights 
giTe  nearly  a  constant  quantity,  the  mean  value  being  6-4.  This  quantity 
may  be  taken  to  represent  the  atomic  heat  of  the  several  elements  in  the 
solid  state,  or  the  quantity  of  heat  which  must  be  imparted  to  or  removed 
from  atomic  proportions  of  the  several  elements,  in  order  to  produce  equal 
variations  of  temperature. 

Nevertheless,  this  law  must  not  be  understood  as  perfectly  general,  for 
there  are  three  elements,  namely,  carbon,  boron,  and  silicon,  which  exhibii 
decided  exceptions  to  it,  as  shown  by  the  following  numbers: 
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ElemenU. 

Specific  llMU 

Atomic 
Weights. 

Product  of 
8|>.H«*t  X 
At.  Weight 

Boron,  crystalliied 

(  wood  charcoal 

Carbon  }  graphite 
(  diamond  . 

0-2500 
0-2416 
0-2008 
0-1469 
01774 
01750 

11 
[         12 

1  ^  { 

2-75 
2-90 
2-41 
1-76 
497 
4  70 

The  specific  heats  and  molecular  weights  of  similarly  constituted  com- 
pounds exhibit,  for  the  most  part,  the  same  relation  as  that  which  is  obserred 
between  the  specific  heats  and  atomic  weights  of  the  elements. 


SOURCES  OF  HEAT. 

The  first  and  greatest  source  of  heat,  compared  with  which  all  others 
are  totally  insignificant,  is  the  sun.  The  luminous  rays  are  accompanied 
by  rays  of  a  heating  nature,  which,  striking  against  the  surface  of  the  earth, 
elevate  its  temperature ;  this  heat  is  communicated  to  the  air  by  conyeciion, 
as  already  described,  air  and  gases  in  general  not  being  sensibly  heated  bj 
the  passage  of  the  rays. 

A  second  source  of  heat  is  supposed  to  exist  in  the  interior  of  the  earth. 
It  has  been  observed  that  in  sinking  mine-shafts,  boring  for  water,  &c.,  the 
temperature  rises  in  descending,  at  the  rate,  it  is  said,  of  about  ft^  C.  (1^  F.) 
for  every  45  feet,  or  65°  C.  (117°  F.)  per  mile.  On  the  supposition  that  the 
rise  continues  at  the  same  rate,  the  earth,  of  the  depth  of  less  than  two 
miles,  would  have  the  temperature  of  boiling  water ;  at  nine  miles  it  would 
be  red-hot ;  and  at  80  or  40  miles  depth  all  known  substances  would  be  in 
a  state  of  fusion.* 

According  to  this  idea,  the  earth  must  be  looked  upon  as  an  intensely 
heated  fluid  spheroid,  covered  with  a  crust  of  solid  badly  conducting  matter, 
cooled  by  radiation  into  space,  and  bearing  somewhat  the  same  proportions 
in  thickness  to  the  ignited  liquid  within,  that  the  shell  of  an  egg  bears  to 
its  fluid  contents.  Without  venturing  to  offer  any  opinion  on  this  theory,  it 
may  be  sufficient  to  observe  that  it  is  not  positively  at  variance  with  any 
known  fact;  that  the  figure  of  the  earth  is  really  such  as  would  be  assumed 
by  a  fluid  mass ;  and,  lastly,  that  it  offers  the  best  explanation  we  have  of 
the  phenomena  of  hot  springs  and  volcanic  eruptions,  and  agrees  with  the 
chemical  nature  of  their  products. 

Among  the  other  sources  of  heat  are  chemical  combination  and  mechani- 
cal work. 

The  disengagement  of  heat  in  the  act  of  combination  is  a  phenomenon  of 
the  utmost  generality.  The  quantity  of  heat  given  out  in  each  particular 
case  is  fixed  and  definite;  its  intensity  is  dependent  upon  the  time  over 
which  the  action  is  extended.  Many  admirable  researches  on  this  subject 
have  been  published :  but  their  results  will  be  more  advantageously  con- 
sidered at  a  later  part  of  this  work,  in  connection  with  the  laws  of  chemical 
combination. 


•  The  Artei«lftn  well  at  Orenolle,  near  Paris,  hrw  a  d*'pth  of  lT9i-5  English  feet:  it  is  Iwred 
through  the  chalk  biiiiii  to  tlie  sami  bfnoHth.  The  temperature  of  the  water,  which  ia  exceed- 
ingly abnndant,  li  8*2°  F.;  the  mean  temperature  of  Pari*  is  61°  P.;  the  difference  U  Zl^  P.; 
which  gives  a  rate  of  about  l^  for  58  feet. 
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Meat  produced  hy  Meehankal  Work. — Heat  and  motion  are  convertible  one 
into  the  other.  The  powerfal  n^echanical  effects  produced  by  the  elasticity 
of  the  vapor  evolved  from  heated  liquids  afford  abundant  illustration  of  the 
conversion  of  heat  into  motion ;  and  the  production  of  heat  by  iViction,  by 
the  hammering  of  metals,  and  in  the  condensation  of  gases  (p.  72),  shows 
with  equal  clearness  that  motion  may  be  converted  into  heat. 

In  some  cases  the  rise  of  temperature  thus  produced  appears  to  be  due  to 
a  diminution  of  heat-capacity  in  the  body  operated  upon,  as  in  the  case  of 
a  compressed  gas  just  alluded  to.  Malleable  metals,  also,  as  iron  and  copper, 
which  become  heated  by  hammering  or  powerful  pressure,  are  found  thereby 
to  have  their  density  sensibly  increased  and  their  capacity  for  heat  dimin- 
ished. A  soft  iron  nail  may  be  made  red-hot  by  a  few  dexterous  blows  on 
an  anvil;  but  the  experiment  cannot  be  repeated  until  the  metal  has  been 
amuaUd,  and  in  that  manner  restored  to  its  former  physical  state. 

But  the  amount  of  heat  which  can  be  developed  by  mechanical  force  is, 
in  most  cases,  out  of  all  proportion  to  what  can  be  accounted  for  in  this 
way.  Sir  H.  Davy  melted  two  pieces  of  ice  by  rubbing  them  together  in  a 
vacuum  at  the  temperature  of  0^ ;  and  Count  Rumford  found  that  the  heat 
developed  by  the  boring  of  a  brass  cannon  was  sufficient  to  bring  to  the 
boiling-point  two  and  a  half  gallons  of  water,  while  the  dust  or  shavings 
of  metal,  cut  by  the  borer,  weighed  only  a  few  ounces.  In  these  and  all 
similar  cases  the  heat  appears  as  a  direct  result  of  the  force  expended ;  the 
motion  is  converted  into  heat. 

The  connection  between  heat  and  mechanical  force  appears  still  more  in- 
timate when  it  is  shown  that  they  are  related  by  an  exact  numerical  law,  a 
given  quantity  of  the  one  being  always  convertible  into  a  definite  amount 
of  the  other.  The  first  approximate  determination  of  this  most  important 
numerical  relation  was  made  by  Count  Rumford  in  the  manner  just  alluded 
to.  A  brass  cylinder  enclosed  in  a  box  containing  a  known  weight  of  water 
at  G0°  F.  was  bored  by  a  steel  borer  made  to  revolve  by  horse-power,  and 
the  time  was  noted  which  elapsed  before  the  water  was  raised  to  the  boiling- 
point  by  the  heat  resulting  from  the  friction.  In  this  manner  it  was  found 
that  the  heat  required  to  raise  the  temperature  of  a  pound  of  water  by  1^ 
F.  is  equivalent  to  1034  times  the  force  expended  in  raising  a  pound  weight 
one  foot  high,  or  to  1034  "foot  pounds,"  as  it  is  technically  expressed.  This 
estimate  is  now  known  to  be  too  high,  no  account  having  been  taken  of  the 
heat  communicated  to  the  containing  vessel,  or  of  that  which  was  lost  by 
dispersion  during  the  experiment. 

For  the  most  exact  determinations  of  the  mechanical  equivalent  of  heat 
we  are  indebted  to  the  careful  and  elaborate  researches  of  Mr.  J.  P.  Joule. 
From  experiments  made  in  the  years  1840-43  on  the  relations  between  the 
heat  and  mechanical  power  generated  by  the  electric  current,  Mr.  Joule 
was  led  to  conclude  that  the  heat  required  to  raise  the  temperature  of  a 
pound  of  water  1°  F.  is  equivalent  to  888  foot-pounds ;  this  he  afterwards 
reduced  to  772 :  and  a  nearly  equal  result  was  afterwards  obtained  by  ex- 
periments on  the  condensation  and  rarefaction  of  gases ;  but  this  estimate 
has  since  been  found  to  be  likewise  too  great. 

The  most  trustworthy  results  are  obtained  by  measuring  the  quantity  of 
heat  generated  by  the  friction  between  solids  and  liquids.  It  was  for  a  long 
time  believed  that  no  heat  was  evolved  by  the  friction  of  liquids  and  gases. 
But  in  1842  Meyer  showed  that  the  temperature  of  water  may  be  raised 
22<*  or  23°  F.  by  agitating  it.  The  warmth  of  the  sea  after  a  few  days  of 
stormy  weather  is  also  probably  an  effect  of  fluid  friction. 

The  apparatus  employed  by  Mr.  Joule  for  the  determination  of  this  im- 
portant constant,  by  means  of  the  friction  of  water,  consisted  of  a  brass 
paddle-wheel  furnished  with  eight  sets  of  revolving  vanes,  working  between 
four  sets  of  stationary  vanes.     This  revolving  apparatus,  of  which  fig.  49 
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shows  a  Tertical,  and  fig.  50  a  horizontal  section,  was  firmly  fitted  into  a 
copper  Teasel  (see  fig.  51)  containing  water,  in  the  lid  of  which  were  two 

necks,  one  for  the  axis  to  reTolvc  in 


Fig.  49. 


JV-50. 


without  touching,  the  other  for  the 
insertion  of  a  thermometer.  A 
similar  apparatus,  but  made  of  iron, 
and  of  smaller  siie,  having  aix  rota- 
tory and  eight  sets  of  stationary 
Tanes,  was  used  for  the  experiments 
on  the  friction  of  mercury.  Tfa« 
apparatus  for  the  friction  of  cast- 
iron  consisted  of  a  vertical  axis  car* 
rying  a  bevelled  cast-iron  wheel, 
against  which  a  bevelled  wheel  was 
pressed  by  a  lever.  The  wheels 
were  enclosed  in  a  cast-iron  vessel 
filled  with  mercury,  the  axis  passing 
through  the  lid.  In  each  apparatus 
motion  was  given  to  the  axis  by  the  descent  of  leaden  weights  w  (fig.  51)  sus- 
pended by  strings  from  the  axis  of  two  wooden  pulleys,  ofie  of  which  is 


shown  at  p,  their  axis  being  supported  on  friction  wheels  d  d,  and  the  pulleys 
were  connected  by  fine  twine  with  a  wooden  roller  r,  which,  by  means  of  a 
pin,  could  be  easily  attached  to  or  removed  from  the  friction  apparatus. 

The  mode  of  experimenting  was  as  follows: — The  temperature  of  the 
frictional  apparatus  having  been  ascertained,  and  the  weights  wound  up, 
the  roller  was  fixed  to  the  axis,  and  the  precise  height  of  the  weights  as- 
certained; the  roller  was  then  set  at  liberty,  and  allowed  to  revolve  till  the 
weights  touched  the  floor.  The  roller  was  then  detached,  the  weights 
wound  up  again,  and  the  friction  renewed.  This  having  been  repeated 
twenty  times,  the  experiment  was  concluded  with  another  observation  of 
the  temperature  of  the  apparatus.  The  mean  temperature  of  the  apart- 
ment was  ascertained  by  observations  made  at  the  beginning,  middle,  and 
end  of  each  experiment.  Corrections  were  made  for  the  effects  of  radia- 
tion and  conduction;  and,  in  the  experiments  with  water,  for  the  quantities 
of  heat  absorbed  by  the  copper  vessel  and  the  paddle-wheel.  In  the  ex- 
periments with  mercury  and  cast-iron,  the  heat-capacity  of  the  entire  ap- 
paratus was  ascertained  by  observing  the  heating  effect  which  it  produced 
on  a  known  quantity  of  water  in  which  it  was  immersed.     In  all  the  ex* 
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perimeBts,  correotions  were  also  made  for  the  Telocity  with  which  the 
weights  came  to  the  ground,  and  for  the  friction  and  rigidity  of  the  strings. 
The  thermometers  used  were  capable  of  indicating  a  Tariation  of  tempera- 
ture as  small  as  ^^  of  a  degree  Fahrenheit. 

The  following  table  contains  a  summary  of  the  results  obtained  by  this 
method;  the  second  column  gives  the  results  as  they  were  obtaine  in  air; 
in  the  third  column  the  same  results  corrected  for  a  Tacuum:  — 

Mftterial  Bqniralent  Kqafralcnt 

employed.  in  air.  In  Tacao.  Mean. 

Water  .  773-640  772-692  772-692 

\t^^^«^  r  773-762  772-8141  77A.nfta 

Mercury  .        .         |  ^-.g.g^g  ^^^,^^  |  774K)83 

r«.-»  ;     «  (776-997  776-0451  ^ttaqq'j 

Cast-iron.         .         {774.880  774-980/  ^^^'^^ 

In  the  experiments  with  east-iron,  the  friction  of  the  wheels  produced  a 
considerable  Tibration  in  the  frame-work  of  the  apparatus,  and  a  loud 
sound ;  it  was  therefore  necessary  to  make  allowance  for  the  quantity  of 
force  expended  in  producing  these  effects.  T!ie  number  772*692,  obtained 
by  the  friction  of  water,  is  regarded  as  the  most  trustworthy ;  but  even  this 
may  be  a  little  too  high ;  because  even  in  the  friction  of  fluids  it  is  impos- 
sible entirely  to  ayoid  Tibration  and  sound.  The  conclusions  deduced  from 
these  experiments  are :  — 

1.  Thai  the  quantity  of  heat  produced  by  the  friction  of  bodies,  whether  solid  or 
liquid,  ie  always  proportional  to  the  force  expended, 

2.  That  the  quantity  of  heat  capable  of  increasing  the  temperature  of  \lh,  of 
water  {weighed  m  vacuo,  and  between  66®  and  60®)  by  1®  /*.,  requires  for  its  evo^ 
lution  the  expenditure  of  a  mechanical  force  represented  by  the  fall  of  112lbs. 
through  the  space  of  1  foot. 

Or,  the  heat  capable  ofinereasing  the  temperature  qf\  gram  of  water  by  1°  C, 
is  equivalent  to  a  force  represented  by  the  fall  of  423*56  grams  through  the  space 
of  1  metre.     This  is  consequently  the  effect  of  *^  a  unit  of  heat.'* 

Experiments  made  by  other  philosophers  on  the  work  done  by  a  steam- 
engine,  on  the  heat  eToWed  by  an  electro-magnetic  engine  at  rest  and  in 
motion,  and  on  the  heat  evolyed  in  the  circuit  of  a  Toltaic  battery  and  in  a 
metallic  wire  through  which  an  electric  current  is  passing,  haTO  given  values 
for  the  mechanical  equivalent  of  heat  very  nearly  equal  to  the  above. 

DTNAMIGAL  THEORY  OF  HBAT. 
For  a  very  long  time  two  rival  theories  have  been  held  regarding  the 
nature  of  heat :  on  the  one  hand,  heat  has  been  viewed  as  having  a  material 
existence,  though  differing  from  ordinary  matter  in  being  without  weight, 
and  in  other  respects ;  on  the  other  hand,  it  has  been  regarded  as  a  state 
or  condition  of  ordinary  matter,  and  generally  as  a  condition  of  motion. 
From  the  latter  part  of  the  last  century,  until  the  modern  researches  upon 
the  mechanical  equivalent,  the  former  view  had  by  far  the  greater  number 
of  adherents.  Its  popularity  may  be  chiefly  traced  to  the  teaching  of  Black 
and  Lavoisier.  By  the  former  of  these  philosophers,  the  various  capacities 
for  heat,  or  specific  heats  of  different  bodies,  seem  to  have  been  regarded 
S8  analogous  to  the  various  proportions  of  the  same  acid  required  to  neu- 
tralize equal  quantities  of  different  bases,  while  the  solid,  liquid,  and 
gaseous  states  were  explained  by  Black  as  representing  so  many  distinct 
proportions  in  which  heat  was  capable  of  combining  with  ordinary  matter. 
Very  similar  views  were  advocated  by  Lavoisier:  he  regarded  all  gases  as 
compounds  of  a  base  characteristic  of  each,  with  ccdoric,  and  supposed  that 
when,  as  the  result  of  chemical  action,  they  assumed  the  liquid  or  solid 
Mate,  this  caloric  was  set  free  and  appeared  as  sensible  heat. 
7» 
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Heat  WM  compared  by  these  philosophers  to  a  material  substance,  in  order 
to  explain  its  then  known  quantitatiTe  relations;  and  from  this  point  of 
view  the  conception  introduced  by  them  had  the  great  advantage  of  being 
more  easily  grasped  than  any  which  the  adyocates  of  the  immaterial  nature 
of  heat  ha!d  to  offer  in  its  place.  It  was  much  easier  to  conceive  of  definite 
quantities  of  an  exceedingly  subtile  substance  or  fluid,  than  of  definite 
quantities  of  motion,  which  was  itself  undefined  as  to  its  nature.  It  waa  a 
direct  consequence  of  the  material  view,  that  heat  should  be  considered  as 
indestructible  and  as  incapable  of  being  produced,  and  therefore  that  the 
total  quantity  of  heat  in  the  universe  should  be  regarded  as  at  all  times  the 
same. 

But,  on  the  other  hand,  this  hypothesis  did  not  afford  a  satisfactory  ex- 
planation of  the  production  of  heat  by  mechanical  means.  Here  it  was  not 
easy  to  deny  the  actual  generation  of  heat,  or  to  explain  the  effects  as  de- 

Sending  merely  on  its  altered  distribution.  Nevertheless,  the  eyolution  of 
eat  by  friction  and  percussion  was  generally  considered,  by  the  advocates 
of  the  material  view,  as  in  some  way  resulting  from  a  diminution  in  the 
capacities  for  heat  of  the  bodies  operated  upon ;  and  this  explanation  de- 
rived considerable  support  from  the  remark,  made  by  Black,  that  a  pieee 
of  soft  iron,  which  has  been  once  made  red-hot  by  hammering  (see  p.  75), 
cannot  be  so  heated  a  second  time  until  it  has  been  heated  to  redness  in  a 
.fire  and  allowed  to  cool.  In  this  case,  certainly,  it  seemed  as  though  the 
hammering  forced  out  heat  from  the  mass  of  iron,  like  water  from  a  sponge, 
and  that  a  fresh  supply  was  taken  up  when  the  iron  was  put  in  the  fire. 
This  explanation,  however,  did  not  satisfy  Rumford,  who,  in  the  investi- 
gation described  above,  made  direct  experiments  upon  the  specific  heat  of 
the  chips  of  metal  detached  by  the  friction,  and  found  it  to  bo  identical  with 
that  of  brass  under  ordinary  circumstances.  Still  more  decisive  proof  that 
the  heat  generated  by  friction  cannot  be  ascribed  to  a  diminution  of  specific 
heat  in  the  substances  operated  on  was  afforded  by  Davy's  experiment  on 
the  liquefaction  of  ice  by  friction ;  for  in  this  case  the  ice  was  converted 
into  a  liquid  having  twice  the  specific  heat  of  the  ice  itself.  Hence  Davy* 
drew  the  conclusion  that,  **  The  immediate  cause  of  the  phenomena  of  heat 
is  motion,  and  the  laws  of  its  communication  are  precisely  the  same  as  the 
laws  of  the  communication  of  motion.'* 

The  mechanical,  or  dynamical  theory,  which  regarded  heat  as  consisting 
in  a  state  of  molecular  motion,  cannot  however  be  said  to  have  been  defi- 
nitely established,  until  it  also  was  made  quantitative,  —  until  it  was  shown 
that  exact  numerical  laws  regulate  the  production  of  heat  by  work  or  of 
work  by  heat,  equally  with  its  production  during  solidification  and  disap- 
pearance during  fusion. 

To  illustrate  the  general  nature  of  the  dynamical  theory  of  heat,  we 
give  an  outline  of  the  view  of  the  constitution  of  gases,  first  put  forward, 
in  its  present  form,  by  Joule ;  f  and  subsequently  developed  by  Kronig.J 
and  Clau8ius.J  and  of  the  explanation  of  the  relations  existing  between 
solids,  liquids,  and  gases,  which  has  been  deduced  from  it  by  the  last-named 
philosopher. 

First,  then,  it  is  assumed  that  the  particles  of  all  bodies  are  in  constant 
motion,  and  that  this  motion  constitutes  heat,  the  kind  and  quantity  of  mo- 
tion varying  according  to  the  state  of  the  body,  whether  solid,  liquid,  or 
gaseous. 

In  gases,  the  molecules — each  molecule  being  an  aggregate  of  atoms— > 
are  supposed  to  be  constantly  moving  forward  in  straight  lines,  and  with  a 

•  Elemente  of  Cbemical  Philoeophj,  1812,  pp.  M,  96.  f  Ann.  Gh.  Pbjt.  [8]  1. 881. 
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constant  Telocity,  tni  they  impinge  against  each  other,  or  against  an  im- 
penetrable walL  This  constant  impact  of  the  molecules  produces  the  ex- 
pansive tendency  or  elasticity  which  is  the  peculiar  characteristic  of  the 
gaseous  stAte.  The  rectilinear  movement  is  not,  however,  the  only  one  with 
which  the  particles  are  affected.  'For  the  impact  of  two  molecules,  unless 
it  takes  place  exactly  in  the  line  joining  their  centres  of  gravity,  must  give 
rise  to  a  rotatory  motion ;  and,  moreover,  the  ultimate  atoms  of  which  the 
molecules  are  composed  may  be  supposed  to  vibrate  within  certain  limits, 
being,  in  fact,  thrown  into  vibration  by  the  impact  of  the  molecules.  This 
vibratory  motion  is  called  by  Clausius,  the  motum  of  the  conetUuerU  atoms. 
The  total  quantity  of  heat  in  the  gas  is  made  up  of  the  progressive  motion 
of  the  molecules,  together  with  the  vibratory  and  other  motions  of  the  con- 
stituent atoms ;  but  the  progressive  motion  alone,  which  is  the  cause  of  the 
expansive  tendency,  determines  the  iempenUure,  Now,  the  outward  pressure 
exerted  by  the  gas  against  the  containing  envelope  arises,  according  to  the 
hypothesis  under  consideration,  from  the  impact  of  a  great  number  of 
gaseous  molecules  against  the  sides  of  the  vessel.  .  But  at  any  given  tem- 
perature, that  is,  with  any  given  velocity,  the  number  of  such  impacts  taking 
place  in  a  given  time,  must  vary  inversely  as  the  volume  of  the  given  quan- 
tity of  gas ;  hence  the  prenure  varies  mveraely  €U  the  volume  or  directly  at  the 
density,  which  is  Boyle's  law. 

When  the  volume  of  the  gas  is  constant,  the  pressure  resulting  from  the 
impact  of  the  molecules  is  proportional  to  the  sum  of  the  masses  of  all  the 
molecules  multiplied  into  the  squares  of  their  velocities ;  in  other  words,  to 
the  so-called  vie  viva  or  working  force  of  the  progressive  motion.  If,  for  ex- 
ample, the  velocity  be  doubled,  each  molecule  will  strike  the  sides  of  the 
vessel  with  a  twofold  force,  and  its  number  of  impacts  in  a  given  time  will 
also  be  doubled :  hence  the  total  pressure  will  be  quadrupled. 

Now,  we  know  that  when  a  given  quantity  of  any  perfect  gas  is  main- 
tained at  a  constant  volume,  it  tends  to  expand  by  ^^^  of  its  bulk  at  zero 
for  each  degree  Centigrade.  Hence  the  pressure  or  elastic  force  increases 
proportionally  to  the  temperature  reckoned  from  — 273®  C. ;  that  is  to  say, 
to  the  absolute  temperature.  Consequently,  the  absolute  temperature  ispro^ 
pOTiional  to  the  vsorking  force  of  the  progressive  motion. 

Moreover,  as  the  motions  of  the  constituent  particles  of  a  gas  depend  on 
the  manner  in  which  its  atoms  are  united,  it  follows  that  in  any  given  gas 
the  different  motions  must  be  to  one  another  in  a  constant  ratio ;  and,  there- 
fore, the  vw  viva  or  toorking  force  of  the  progressive  motion  must  be  an 
aliquot  part  of  the  entire  working  force  of  the  gas :  hence  also  the  absolute 
temperature  is  proportional  to  the  total  working  force  arising  from  all  the 
motions  of  tiie  particles  of  the  gas. 

From  this  it  follows  that  the  quantity  of  heat  which  must  be  added  to  a 
gas  of  constant  volume  in  order  to  raise  its  temperature  by  a  given  amount, 
is  constant  and  independent  of  the  temperature.  In  other  words,  the 
specific  heat  of  a  gas  referred  to  a  given  volume  is  constant,  a  result  which 
agrees  with  this  experiments  of  Regnault,  mentioned  at  p.  72-  The  result 
may  be  otherwise  expressed,  as  follows:  — "The  total  or  working  force  of  (he 
gas  is  to  the  working  force  of  the  progressive  motion  of  the  molecules^  which  is  the 
measure  of  the  temperature,  in  a  constant  ratio.  This  ratio  is  different  for  dif- 
ferent gases,  and  is  greater  as  the  gas  is  more  complex  in  its  constitution: 
in  other  words,  as  its  molecules  are  made  up  of  a  greater  number  of  atoms. 
The  specific  heat  referred  to  a  constant  pressure  is  known  to  differ  from  the 
true  specific  heat  only  by  a  constant  quantity. 

The  relations  just  considered  between  the  pressure,  volume,  and  temper- 
ature of  gases,  presuppose,  however,  certain  conditions  of  molecular  con- 
stitution, which  are,  perhaps,  never  rigidly  fulfiled ;  and,  accordingly,  the 
experiments  of  Magnus  and  Regnault  bIiow  (p   r>2)  that  gases  do  exhibit 
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slight  deyiations  from  Qftj-Lussac  and  Boyle's  laws.  What  the  conditions 
are  which  strict  adherence  to  these  laws  would  require,  will  be  better  under- 
stood by  considering  the  differences  of  molecular  constitution  which  must 
exist  in  the  solid,  liquid,  and  gaseous  states. 

A  moTement  of  molecules  must  be  supposed  to  exist  in  all  three  stAles. 
In  the  solid  ttate^  the  motion  is  such  that  the  molecules  o8ciUat«  about 
certain  positions  of  equilibrium,  which  they  do  not  quit,  unless  they  are 
acted  upon  by  external  forces.  This  vibratory  motion  may,  howerer,  be  of 
a  Tery  complicated  character.  The  constituent  atoms  of  a  molecule  may 
vibrate  separately;  the  entire  molecules  may  also  vibrate  as  such  about 
their  centres  of  gravity,  and  the  vibrations  may  be  either  rectilinear  or 
rotatory.  Moreover,  when  extraneous  forces  act  upon  the  body,  as  in 
shocks,  the  molecules  may  permanently  alter  their  relative  positions. 

In  the  liquid  ttaie  the  molecules  have  no  determinate  positions  of  equili- 
brium. They  may  rotate  completely  about  their  centres  of  gravity,  and 
may  also  move  forward  into  other  positions.  But  the  repulsive  action 
arising  from  the  motion  is  not  strong  enough  to  overcome  the  mutual  attrac- 
tion of  the  molecules  and  separate  them  completely  from  each  other.  A 
molecule  is  not  permanently  associated  with  its  neighbors,  as  in  the  solid 
state;  it  does  not  leave  them  spontaneously,  but  only  under  the  influence 
of  forces  exerted  upon  it  by  other  molecules,  with  which  it  then  comes  into 
the  same  relation  as  with  the  former.  There  exists,  therefore,  in  the  liquid 
state,  a  vibratory,  rotatory,  and  progressive  movement  of  the  molecules,  but 
BO  regulated,  that  they  are  not  thereby  forced  asunder,  but  remain  within 
a  certain  volume  without  exerting  any  outward  pressure. 

In  the  gtueoui  state,  on  the  other  hand,  the  molecules  are  removed  quite 
beyond  the  sphere  of  their  mutual  attractions,  and  travel  onward  in  straight 
lines  according  to  the  ordinary  laws  of  motion.  When  two  such  molecules 
meet,  they  fly  apart  from  each  other,  for  the  most  part  with  a  velocity 
equal  to  that  with  which  they  came  together.  The  perfection  of  the  gaseous 
state,  however,  implies:  — 1.  That  the  space  actually  occupied  by  the  mole- 
cules of  the  gas  be  infinitely  small  in  comparison  with  the  entire  volume  of 
the  gas. — 2.  That  the  time  occupied  in  the  impact  of  a  molecule,  cither 
against  another  molecule  or  against  the  sides  of  the  vessel,  be  infinitely 
small  in  comparison  with  the  interval  between  any  two  impacts. — 3.  That 
the  influence  of  the  molecular  forces  be  infinitely  small.  When  these  con- 
ditions are  not  completely  fulfilled,  the  gas  partakes  more  or  less  of  the 
nature  of  a  liquid,  and  exhibits  certain  deviations  from  Gay-Lussac  and 
Boyle's  laws.  Such  is,  indeed,  the  case  with  all  known  gases;  to  a  very 
slight  extent  with  those  which  have  not  yet  been  reduced  into  the  liquid 
state ;  but  to  a  greater  extent  with  vapors  and  condensable  gases,  especially 
near  the  points  of  condensation. 

Let  us  now  return  to  the  consideration  of  the  liquid  state.  It  has  been 
said  that  the  molecule  of  a  liquid,  when  it  leaves  those  with  which  it  is  as- 
sociated, ultimately  takes  up  a  similar  position  with  regard  to  other  mole- 
cules. This,  however,  does  not  preclude  the  existence  of  considerable  ir- 
regularities in  the  actual  movements.  Now,  at  the  surface  of  the  liquid,  it 
may  happen  that  a  particle,  by  a  peculiar  combination  of  the  rectilinear, 
rotatory,  and  vibratory  movements,  may  be  projected  from  the  neighboring 
molecules  with  such  force  as  to  throw  it  completely  out  of  their  sphere  of 
action  before  its  projectile  velocity  can  be  annihilated  by  the  attractive 
force  which  they  exert  upon  it.  The  molecule  will  then  be  driven  forward 
into  tBe  space  above  the  liquid,  as  if  it  belonged  to  a  gas,  and  that  space, 
if  originally  empty,  will  in  consequence  of  the  action  just  described,  become 
more  and  more  filled  with  these  projected  molecules,  which  will  comport 
themselves  within  it  exactly  like  a  gas.  impinging  and  exerting  pressure 
upon  the  sides  of  the  envelope.     One  of  these  sides,  however,  is  formed  by 
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the  surface  of  the  liquid,  and  when  a  molecule  impinges  upon  this  surface, 
it  will,  in  general,  not  be  driven  back,  but  retained  by  the  attractiye  forces 
of  the  other  molecules.  A  state  of  equilibrium,  not  static,  but  dynamic, 
will  therefore  be  attained,  when  the  number  of  molecules  projected  in  a 
given  time  into  the  space  above,  is  equal  to  the  number  which  in  the  same 
time  impinge  upon  and  are  retained  by  the  surface  of  the  liquid.  This  is 
the  process  of  vaporization.  The  density  of  the  vapor  required  to  insure 
the  compenzation  just  mentioned,  depends  upon  the  rate  at  which  the  par- 
ticles are  projected  from  the  surface  of  the  liquid,  and  this  again  upon  the 
rapidity  of  their  movement  within  the  liquid,  that  is  to  say,  upon  the  tem- 
perature. It  is  clear,  therefore,  that  the  density  of  a  saturated  vapor  must 
increase  with  the  temperature. 

If  the  space  above  the  liquid  is  previously  filled  with  a  gas,  the  molecules 
of  this  gas  will  impinge  upon  the  surface  of  the  liquid,  and  thereby  exert 
pressure  upon  it;  but  as  these  gas-molecules  occupy  but  an  extremely  small 
proportion  of  the  space  above  the  liquid,  the  particles  of  the  liquid  will  be 
projected  into  that  space  almost  as  if  it  were  empty.  In  the  middle  of  the 
liquid,  however,  the  external  pressure  of  the  gas  acts  in  a  different  manner. 
There  also  it  may  happen  that  the  molecules  may  be  separated  with  such 
force  as  to  produce  a  small  vacuum  in  the  midst  of  the  liquid.  But  this 
space  is  surrounded  on  all  sides  by  masses  which  afford  no  passage  to  the 
disturbed  molecules;  and  in  order  that  they  may  increase  to  a  permanent 
vapor-bubble,  the  number  of  molecules  projected  from  the  inner  surface  of 
the  vessel  must  be  such  as  to  produce  a  pressure  outwards  equal  to  the  ex- 
ternal pressure  tending  to  compress  the  vapor-bubble.  The  boiling  of  the 
liquid  will,  therefore,  be  higher  as  the  external  pressure  is  greater. 

According  to  this  view  of  the  process  of  vaporization,  it  is  possible  that 
vapor  may  rise  from  a  solid  as  well  as  from  a  liquid ;  but  it  by  no  means 
necessarily  follows  that  vapor  must  be  formed  from  all  bodies  at  all  tempera- 
tures. The  force  which  holds  together  the  molecules  of  a  body  may  be 
too  great  to  be  overcome  by  any  combination  of  molecular  movements,  so 
long  as  the  temperature  does  not  exceed  a  certain  limit. 

The  production  and  coruumption  of  heat  which  accompany  changes  in  the 
state  of  aggregation,  or  of  the  volume  of  bodies,  are  easily  explained,  ac- 
cording to  the  preceding  principles,  by  taking  account  of  the  work  done  by 
the  acting  forces.  This  work  is  partly  external  to  the  body,  partly  internal. 
To  consider  first  the  internal  work : 

When  the  molecules  of  a  body  change  their  relative  positions,  the  change 
may  take  place  either  in  accordance  with  or  in  opposition  to  the  action  of 
the  molecular  forces  existing  within  the   body.     In  the  former  case,  the 
molecules,  during  the  passage  from  one  state  to  the  other,  have  a  certain 
velocity  imparted  to  them,  which  is  immediately  converted  into  heat ;  in  the 
latter  case,  the  velocity  of  their  movement,  and  consequently  the  tempera- 
ture of  the  body,  is  diminished.     In  the  passage  from  the  solid  to  the  liquid 
state,  the  molecules,  although  not  removed  from  the  spheres  of  their  mutual 
attractions,  nevertheless  change  their  relative  positions  in  opposition  to  the 
molecular  forces,  which  forces  have,  therefore,  to  be  overcome.     In  evapo- 
ration, a  certain  number  of  the  molecules  are  completely  separated  from  the 
remainder,  which  again  implies  the  overcoming  of  opposing  forces.      In 
both  cases,  therefore,  work  is  done,  and  a  certain  portion  of  the  working 
force  of  the  molecules,  that  is,  of  the  heat  of  the  body,  is  lost.     But  when 
once  the  perfect  gaseous  state  is  attained,  the  molecular  forces  are  com- 
pletely overcome,  and  any  further  expansion  may  take  place  without  inter- 
nal work,  and,  therefore,  without  loss  of  heat,  provided  there  is  no  external 
resistance. 

But  in  nearly  all  cases  of  change  of  state  or  volume,  there  is  a  certain 
amount  of  external  resistance  to  be  overcome,  and  a  corresponding  loss  of 
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heat.  When  the  presaure  of  ft  gas,  that  is  to  say,  the  impact  of  its  atoms. 
is  exerted  against  a  movable  obstacle,  such  as  a  piston,  the  molecules  lose 
just  so  much  of  their  moving  power  as  they  have  imparted  to  the  pistoo, 
and,  consequently,  their  velocity  is  diminished  and  the  temperature  lowered. 
On  the  contrary,  when  a  gas  is  compressed  by  the  motion  of  a  piston,  iu 
molecules  are  driven  back  with  greater  velocity  than  that  with  which  thej 
impinged  on  the  piston,  and,  consequently,  the  temperature  of  the  gu  is 
raised. 

When  a  liquid  is  converted  into  vapor,  the  molecules  have  to  overcomf 
the  atmospheric  pressure  or  other  external  resistance,  and,  in  consequence 
of  this,  together  with  the  internal  work  already  spoken  of,  a  large  quantltj 
of  heat  disappears,  or  is  rendered  latent,  the  quantity  thus  consumed  being, 
to  a  considerable  extent,  affected  by  the  external  pressure.  The  liquefiuh 
tion  of  a  solid  not  being  attended  with  much  increase  of  volume,  involTes 
but  little  external  work ;  nevertheless  the  atmospheric  pressure  does  in- 
fluence, to  a  slight  amount,  both  the  latent  heat  of  fusion  and  the  melting- 
point. 


LIGHT.  83 


LIGHT. 

TWO  Tiews  haTe  been  entertained  respecting  the  nature  of  light.  Sir 
Isaac  Newton  imagined  that  luminous  bodies  emit,  or  shoot  out,  infi- 
nitely small  particles  in  straight  lines,  which,  by  penetrating  the  transparent 
parts  of  the  eye  and  falling  upon  the  nervous  tissue,  produce  yision.  Other 
philosophers  drew  a  parallel  between  the  properties  of  light  and  those  of 
sound,  and  considered  that,  as  sound  is  certainly  the  effect  of  undulations, 
or  little  waves,  propagated  through  elastic  bodies  in  all  directions,  so  light 
might  be  nothing  more  than  the  consequence  of  similar  undulations  trans- 
mitted with  inconceivable  velocity  through  a  highly  elastic  medium,  of  ex- 
cessive tenuity,  filling  all  space,  and  occupying  the  intervals  between  the 
particles  of  material  substances.  To  this  medium  they  gave  the  name  of 
ether.  The  ware  hypothesis  of  light  is  at  present  generally  adopted.  It  is 
in  harmony  with  aU  the  known  phenomena  discovered  since  the  time  of 
Newton,  not  a  few  of  which  were  first  deduced  from  the  undulatory  theory, 
and  afterwards  verified  by  experiment.  Several  well-known  facts  are  in 
direct  opposition  to  the  theory  of  emission. 

A  ray  of  light  emitted  from  a  luminous  body  proceeds  in  a  straight  line, 
and  with  extreme  velocity.     Certain  astronomical  observations  afford  the 
means  of  approximating  to  a  knowledge  of  this  velocity.     The  satellites  of 
Jupiter  revolve  about  the  planet  in  the  same  manner  as  the  moon  about  the 
earth,  and  the  time  required  by  each  satellite  for  the  purpose  is  exactly 
known  from  its  periodical  entry  into  or  exit  from  the  shadow  of  the  planet. 
The  time  required  by  one  is  only  42  hours.     Romer,  the  astronomer  of 
Copenhagen,  found  that  this  period  appeared  to  be  longer  when  the  earth, 
in  its  passage  round  the  sun,  moved  from  the  planet  Jupiter ;  and,  on  the 
contrary,  he  observed  that  the  periodic  time  appeared  to  be  shorter  when 
the  earth  moved  in  the  direction  towards  Jupiter.     The  difference,  though 
very  small  for  a  single  revolution  of  the  satellite,  increases,  by  the  addition 
of  many  revolutions,  during  the  passage  of  the  earth  from  its  nearest  to 
its  greatest  distance  from  Jupiter,  that  is,   in  about  half  a  year,  till  it 
amounts  to  16  minutes  and  16  seconds.     Romer  concluded  from  this,  that 
the  light  of  the  sun,  reflected  from  the   satellite,  required   that  time  to 
paaa  through  a  distance  equal  to  the  diameter  of  the  orbit  of  the  earth ; 
and  since  this  place  is  little  short  of  200  millions  of  miles,  the  velocity  of 
light  cannot  be  less  than  200,000  miles  in  a  second  of  time.     It  will  be  seen 
hereafter  that  this  rapidity  of  transmission  is  rivalled  by  that  of  electricity. 
Another  astronomical  phenomenon,  observed  and  correctly  explained  by 
Bradley,  the  aberration  of  the  fixed  stars,  leads  to  the  same  result.     Phy- 
sicists have,  moreover,  succeeded  in  measuring  the  velocity  of  light  for 
terrestrial,  and,   indeed,   comparatively  small    distances;    the    results  of 
these  experiments  essentially  correspond  with  those  given  by  astronomical 
observations. 

When  a  ray  of  light  falls  upon  a  boundary  between  two  media,  a  part  of 
it,  and,  in  exceptional  cases,  the  whole,  is  reflected  into  the  first  medium, 
whilst  the  other  part  penetrates  the  second  medium. 

The  law  of  regular  reflection  is  extremely  simple.  If  a  line  be  drawn 
perpendicular  to  the  surface  upon  which  the  ray  falls,  and  the  angle  con- 
tained between  the  ray  and  the  perpendicular  measured,  it  will  be  found 
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that  the  ray,  after  reflection,  takes  such  a  course  as  to  make  with  the  per- 
pendicular an  equal  angle  on  the  opposite  side  of  the  latter.     A  ray  of  light, 

B,  falling  at  the  point  p,  will  be  reflected 
in  the  direction  p&^,  making  the  angle 
R^pp/ equal  to  the  angle  rpp^;  and  a  raj 
from  the  point  r  falling  upon  the  same  spot 
will  be  reflected  to  r'  in  yirtue  of  the  same 
law.  Further,  it  is  to  be  observed  that  the 
incident  and  reflected  rays  are  always  con- 
tained in  the  same  normal  plane. 

The  same  rule  holds  good  if  the  mirror 
be  curved,  as  a  portion  of  a  sphere,  the 
curve  being  considered  as  made  up  of  » 
multitude  of  little  planes.  Parallel  raj» 
cease  to  be  so  when  reflected  from  curved  surfaces,  becoming  divergent  or 
convergent  according  as  the  reflecting  surface  is  convex  or  concave. 

Bodies  with  rough  and  uneven  surfaces,  the  smallest  parts  of  which  are 
inclined  towards  each  other  without  order,  reflect  the  light  diffused.  The 
perception  of  bodies  depends  upon  the  diff'used  reflected  light. 

It  has  just  been  stated  that  light  passes  in 
straight  lines ;  but  this  is  true  only  so  long  u 
the  medium  through  which  it  travels  pre- 
serves the  same  density  and  the  same  chemi- 
cal nature :  when  this  ceases  to  be  the  case, 
the  ray  of  light  is  bent  from  it«  course  into  a 
new  one,  or  is  said  to  be  refracted. 

Let  B  be  a  ray  of  light  falling  upon  a  plate 
of  some  transparent  substance  with  parallel 
sides,  such  as  a  piece  of  thick  plate  glass,  — 
in  short,  any  transparent  homogeneous  ma- 
terial which  is  either  non-crystalline,  or  crys- 
tallizes in  the  regular  system ;  and  let  a  be 
its  point  of  contact  with  the  upper  surface. 
The  ray,  instead  of  holding  a  straight  course 
and  passing  into  the  glass  in  the  direction  a  b,  will  be  bent  downwards  to 
0 ;  and,  on  leaving  the  glass,  and  issuing  into  the  air  on  the  other  side,  it 
will  again  be  bent,  but  in  the  opposite  direction,  so  as  to  make  it  parallel 
to  the  continuation  of  its  former  track,  provided  there  be  one  and  the  same 
medium  on  the  upper  and  lower  side  of  the  plate.  The  general  IfCW  is  thus 
expressed:  —  When  the  ray  passes  from  a  rare  to  a  denser  medium,  it  u 
usually  refracted  towarda  a  line  perpendicular  to  the  surface  of  the  latter; 
and  conversely,  when  it  leaves  a  dense  medium  for  a  rarer  one,  it  is  re- 
fracted from  a  line  perpendicular  to  the  surface  of  the  denser  substance ;  in 
the  former  case  the  angle  of  incidence  is  greater  than  that  of  refraction ;  in 
the  latter  it  is  less.  In  both  cases  the  direction  of  the  refracted  ray  is  In 
the  plane  b  a  s,  which  is  formed  by  the  falling  ray  and  the  perpendicular 
s  A  drawn  from  the  spot  where  the  ray  is  refracted ;  the  angle  b  a  s  =  b  a  s^ 
is  called  the  angle  of  incidence.  The  angle  c  as^  is  called  the  angle  of  re- 
fraction. The  difi'erence  of  these  two  angles,  that  is,  the  angle  c  a  B,  is  the 
refraction. 

The  amount  of  refraction,  for  the  same  medium,  varies  with  the  obliquity 
with  which  the  ray  strikes  the  surface.  When  perpendicular  to  the  latter, 
the  ray  passes  without  change  of  direction  at  all;  and  in  other  positions, 
the  refraction  increases  with  the  obliquity. 

Let  B  represent  a  ray  of  light  falling  upon  the  surface  of  a  mass  of  plate 
glass  at  the  point  a.  From  this  point  let  a  perpendicular  fall  and  be  con- 
tinued into  the  new  medium ;  and  around  the  same  point,  as  a  centre,  let 
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a  circle  be  drawn.  According  to  the  law  just  stated,  the  refraction  must 
be  towards  the  perpend icuiur;  in  the  direction  as^,  for  example.  Let  the 
lines  a — ef,  a' — a^,  at  right  angles  to  the  per- 
pendicular, be  drawn,  and  their  length  com- 
pared by  means  of  a  scale  of  equal  parts,  and 
noted ;  their  length  will  in  the  case  supposed 
be  in  the  proportion  of  3  to  2.  These  lines 
are  termed  the  xineM  of  the  angles  of  incidence 
and  refraction  respectively. 

^ow  let  another  ray  be  taken,  such  as  r; 
it  is  refracted  in  the  same  manner  to  r^,  the 
bending  being  greater  from  the  increased 
obliquity  of  the  ray;  but  what  is  very  re- 
markable, if  the  sines  of  the  two  new  angles 
of  incidence  and  refraction  be  again  com- 
pared, they  will  still  be  found  to  bear  to  each 
other  the  proportion  of  S  to  2.     The  fact  is 

expressed  by  saying,  that  so  long  as  the  light  passes  from  one  to  the  other 
of  the  same  two  media,  the  ratio  of  the  sines  of  the  angles  of  incidence  and  re- 
fraction is  constant.     This  ratio  is  called  the  index  of  refraction. 

Different  bodies  possess  different  refractive  powers ;  generally  speaking, 
the  densest  substances  refract  most.  Combustible  bodies  have  been  noticed 
to  possess  greater  refractive  power  than  their  density  would  indicate,  and 
from  this  observation  Sir  I.  Newton  predicted  the  combustible  nature  of  the 
diamond  long  before  anything  was  known  respecting  its  chemical  nature. 

The  method  adopted  for  describing  the  comparative  refractive  power  of 
different  bodies,  is  to  state  the  ratio  borne  by  the  sine  of  the  angle  of  inci- 
dence in  the  first  medium,  and  on  the  boundary  of  the  second,  to  the  sine 
of  the  angle  of  refraction  in  this  second  medium ;  this  is  called  the  index  of 
refraction  of  the  two  substances;  it  is  greater  or  less  than  unity,  according 
as  the  second  medium  is  denser  or  rarer  than  the  first.  In  the  case  of  air 
and  plate  glass  the  index  of  refraction  is  1  '5. 

When  the  index  of  refraction  of  any  particular  substance  is  once  known, 
the  effect  of  the  latter  upon  a  ray  of  light  entering  it  in  any  position  can  be 
calculated  by  the  law  of  sines.  The  following  table  exhibits  the  indices  of 
refraction  of  several  substances,  supposing  the  ray  to  pass  into  them  from 
the  air:  — 


Sabstancetf.  Index  of  refraction. 

Tabasheer*       .     .     .     MO 

Ice 1-30 

Water 1-34 

Fluorspar 1*40 

Plate  glass  ....  1*50 
Rock-crystal  .  .  .  .  1*60 
Chrysolite  ....  1-69 
Bisulphide  of  carbon    .  1-70 


Subetances.  Index  of  refraction. 

Oarnet 1-80 

Glass,  with  much  oxide 

of  lead 1-90 

Zircon 200 

Phosphorus 2-20 

Diamond 2-50 

Chromate  of  lead  .     .     .8-00 
Cinnabar 8*20 


FKg.  M. 


When  a  luminous  ray  enters  a  mass  of  substance 
differing  in  refractive  power  from  the  air,  and  whose 
surfaces  are  not  parallel,  it  becomes  permanently 
deflected  from  its  course  and  altered  in  its  direction. 
It  is  upon  this  principle  that  the  properties  of  prisms 
and  lenses  depend.  To  take  an  example.  —  Fig.  65 
represents  a  triangular  prism  of  glass,  upon  the 
tide  of  which  the  ray  of  light  a  may  be  supposed  to  fall.     This  ray  will 

*  A  ailiceonii  depfmit  in  the  Joints  of  the  bamboo. 
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of  couree  be  refrKcted,  od  eateriDg  the  gluw,  towftrda  a  tine  perpeadicalar 
to  the  first  surface,  kiid  again,  from  ft  line  perpendicular  to  the  second  mr- 
fiice  on  emergiag  iolo  tbe  air.  The  resutt  ii  the  deflecton  a  e  K,  which  is 
equal  ta  the  autn  uf  the  two  defleclionfl  which  the  ray  UDdergoca  In  pstseiQg 
through  the  prigm. 

A  coQTex  lean  is  thus  enabled  to  comerge  rays  of  light  fulling  upoD  it,  uid 
a  concave  lense  to  sepiirate  (h*in  more  widely;  each  separate  part  of  the 
surface  of  the  lens  producing  itg  own  independent  effect. 

Tlie  light  of  the  sun  and  celestial  hodiea  in  general,  as  well  as  that  of  tbe 
electric  spark  and  of  all  ordinary  flatnea,  is  of  a  compound  nature.  If  k  ray 
of  light  from  any  of  the  sources  mentioned  be  admitted  into  i  dark  room  by 
n  (imall  bole  in  a  aliutler,  or  otherwise,  and  suffered  to  fall  upon  «  glass 
priem  in  the  manner  shown  in  fig.  66,  it  will  not  only  be  refracted  from  its 
Btraight  coune,  but  will  be  decomposed  into  a  number  of  colored  rays, 
which  ma;  be  receiied  upon  a  while  acreen  placed  behind  the  prism.  When 
eoLai'  light  is  employed,  £be  colors  are  extremely  brilliaut,  and  spread  into 
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an  oblong  space  of  considerable  length.  The  upper  part  of  this  image,  or 
tptclrum,  will  be  Tiolet  and  the  lower  red,  tbe  intermediate  portion,  com- 
menoing  from  the  violet,  being  indigo,  blue,  green,  yellow,  and  orange,  all 
graduating  imperceptibly  into  each  other.  This  is  the  celebrated  experi- 
ment of  Bir  Isaac  Newton ;  from  it  he  drew  the  inference  thai  white  light 
is  composed  of  seven  primitive  colors,  tbe  rays  of  which  are  differently  re- 
frangible by  the  same  medium,  and  hence  capable  of  being  thus  aeparated. 
Tbe  violet  rays  are  most  refrangible,  and  the  red  rays  least.* 

Bodies  of  tho  same  mean  refractive  power  do  not  always  equally  disperve 
or  spread  out  the  differently  colored  rays  to  the  same  eileut;  because  the 
principal  yellow  or  red  rays,  for  instance,  are  equally  refracted  by  two 
prisms  of  different  materisls.  it  does  not  follow  that  the  blue  or  the  violet 
will  be  similarly  affected.  Hence,  prisms  of  different  varieties  of  glass,  or 
other  transparent  substances,  give,  under  similar  circumstances,  very  dif- 
ferent spectra,  both  as  respects  the  length  of  the  image,  and  the  relative 
extent  of  the  colored  bands. 

The  appearftuce  of  the  spectrum  may  also  vary  with  the  nature  of  Iba 
source  of  light:  the  investigation  of  these  differenoea,  however,  involves 
tbe  use  of  a  more  delicate  apparatus.  Fig.  67  shows  the  principle  of  such 
an  apparatus,  which  ia  called  a  tprelroneope.  The  light,  passing  through  a 
fine  slit,  t,  impinges  upon  a  flint-glass  prism,  p,  by  which  it  is  dispersed. 
I  light  emerges  from  the  prism  in  several  direcliouB  between 
.  i>  (violet  rays) ;  and  the  spectrum  thus  produced  iaobserred 

in  tbs  fiBmplfl  alTwIj  r)noI«^  frd  nntl  firaMi  —  Eliv  lutter  r?«itling  froin 
ITS  eomplnniHiUry  colvm.    Tbs  fret  of  complvintntArj  cdIot*  glHnc  rin 

b«  nadltv  tlliulnil*d  by  mlxliuc  In  appropiUte  qnuitiilw  m  inH-iwl  hIb- 
[neDRlatioBofnlekal:  Iha  TcmlHnc hi|aid  li  ntarlj  CDlorlfaa. 
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by  the  telescope  /,  which  receives  only  part  of  it  at  onoe ;  bat  the  seyeral 
partA  may  be  readily  examined  by  turning  slightly  either  the  priaiii,  p,  or 
the  telescope,  U 


Fig.  67. 


If  the  solar  spectrum  be  examined  in  this  manner,  numerous  dark  lines 
parallel  with  the  edge  of  the  prism  are  observed.  They  were  discovered 
in  1802  by  Dr.  WoUaston,  and  subsequently  more  minutely  investigated  by 
Fraunhofer.  They  are  generally  known  as  Fraunhofer's  lines.  These  dark 
lines,  which  exist  in  great  numbers,  and  of  very  varying  strength,  are  ir- 
regularly distributed  over  the  whole  spectrum.  Some  of  them,  in  con- 
sequence of  their  peculiar  strength  and  their  mutual  position,  may  always 
be  easily  recognized ;  the  more  conspicuous  are  represented  in  fig.  58.  The 
same  dark  lines,  though  paler,  and  much  more  difficult  to  recognize,  are 

Fig.  68. 
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observed  in  the  spectrum  of  planets  lighted  by  the  sun;  for  instance,  in 
the  light  emanating  from  Venus.  On  the  other  hand,  the  dark  lines  ob- 
served in  the  spectra,  which  are  produced  by  the  light  emanating  from  fixed 
stars  —  from  Sirius,  for  instance — dififer  in  position  from  those  previously 
mentioned. 

Sources  of  light  which  contain  no  volatile  constituents — incandescent 
platinum  wire,  for  example  —  furnish  continuous  spectra,  exhibiting  no  such 
lines.  But  if  volatile  substances  be  present  in  the  source  of  light,  bright 
lines  are  observed  in  the  spectrum,  which  are  frequently  characteristic  of 
the  volatile  substances. 

Professor  PlUcker,  of  Bonn,  has  investigated  the  spectra  which  are  pro- 
duced by  the  electric  light  when  developed  in  very  rarefied  gases.  He 
found  the  bright  lines  and  the  dark  stripes  between  the  lines  varying  con- 
siderably with  different  gases.     When  the  electric  light  was  developed  in  a 
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luiiture  of  Iwo  gsseB,  the  apectrum  that  obtninGd  exhibited  simulUucauslj 
Itac  pcculiftT  spectrft  belonging  to  the  two  gases  of  wbicb  the  niiiture  con^ 
HiHtcil.  When  the  experiment  was  maJe  in  giLscuus  compounds  capable  of 
being  decomposed  by  the  electrical  current,  Ibis  decompoBition  woa  indicated 
by  ihe  spectra  of  the  separated  constituents  becoming  perceptible. 

Many  years  ago  the  spectra  of  colored  flames  nere  eiamined  by  Sir  Jobs 
Henchel,  Fox  Talbot,  and  W.  A.  Miller.  Within  the  last  few  years  resulu 
of  the  greatest  importance  have  been  obtained  by  Kirchhoff  and  Buuseo, 


who  have  investigated  the  spectra  furnished  by  the  incandescence  of  vola- 
tile substances:  these  researches  have  enriched  chemistry  with  a  new 
method  of  analysis, — the  analysis  by  spectrum  obscrvatians.  In  order  to 
recogniie  one  of  the  metals  of  the  alkalies  or  of  the  alkaline  earths,  it  il 
generally  suflicieni  to  introduce  a  minute  quanlity  of  a  moderately  volatile 
compound  of  the  metal  on  the  loop  of  a  platinum  wire  into  the  edge  of  the 
very  hot,  but  scarcely  luminous  Same,  of  ■  mixture  of  air  and  coal-gas.  and 
to  einmine  the  spectrum  which  is  furnished  by  the  flame  containing  the 
vapor  of  the  metal  or  its  compound.  Fig.  G9  exhibits  the  apparatus  which 
is  used  in  performing  experiments  of  this  description.  The  light  of  the 
Same  in  which  the  metallic  compound  is  evaporated  passes  through  the  Sue 
slit  in  the  disc,  i,  into  a  tube,  the  opposite  end  of  which  is  provided  with  a 
convex  lens.  This  lens  collects  the  rays  diverging  from  the  slit,  and  throws 
them  parallel  upon  the  prism,  p.  The  light  is  decomposed  by  the  prism, 
and  the  spectrum  thus  obtained  is  observed  by  means  of  the  telescope,  which 
may  be  turned  round  the  aiis  of  the  stand  carrying  the  prism.  Foreign 
light  is  excluded  by  an  appropriate  covering. 

The  limits  of  this  elementary  treatise  do  not  permit  u3  to  describe  the 
ingenious  arrangements  which  have  been  contrived  for  sending  the  light 
from  different  sources  through  the  some  prism  at  difTerenl  heights,  whereby 
Ibeir  spectra,  the  solar  spectrum,  for  instance,  and  that  of  a  dame,  may  be 
placed  in  a  parallel  position,  the.  one  above  the  other,  and  thus  he  compared.* 
The  spectra  of  flames  in  which  different  guh«lances  are  volatiliied  frequently 
exhibit  such  oharacteristicnlly  distinct  phenomena,  that  they  m.ij  be  used 
with  the  greatest  advantage  ftfr  the  dimTJminnlion  of  these  substances.  Thus 
the  spectrum  of  a  flame  containing  sodium  (Na)  exhibits  a  bright  line  on 
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the  jellow  portion,  the  spectrum  of  potassium  (K)  a  characteristic  bright 
line  at  the  extreme  limit  of  the  red,  and  another  at  the  opposite  violet  limit 
of  the  spectrum.  Lithium  (Li)  shows  a  bright  brilliant  line  in  the  red,  and 
a  paler  line  in  the  yellow  portion ;  strontium  (Sr)  a  bright  line  in  the  blue, 
one  in  the  orange,  and  six  less  distinct  ones  in  the  red  portion  of  the  spec- 
trum. The  diagram  (fig.  58)  exhibits  the  most  remarkable  of  the  dark 
tines  (Fraunhofer's  lines),  and  the  position  of  the  bright  lines  in  the 
spectra  of  flames  containing  the  yapors  of  compounds  of  the  seTeral  metala 
enomerated. 

The  delicacy  of  these  spectral  reactions  is  very  considerable,  but  unequal 

in  the  case  of  different  metals.   The  presence  of  jjnf,T^ii,jnrv  &^^^^  o^  sodium 

in  the   flame  is  still  easily  recognizable  by  the  bright  yellow  line  in  the 

spectrum.     Lithium,  when  introduced  in  the  form  of  a  volatile  compound, 

imparts  to  the  flame  a  red  color;  but  this  coloration  is  no  longer  perceptible 

when   a  TolatUe  sodium  compound  is  simultaneously  present,  the  yellow 

coloration  of  the  flame  predominating  under  such  circumstances.     On  the 

other   hand,  when  a  mixture  of  one  part  of  lithium  and  1000  parts  of 

sodium  is  Tolatilized  in  a  flame,  the  spectrum  of  the  flame  exhibits,  together 

with  the  bright  yellow  sodium  line,  likewise  the  red  line  characteristic  of 

lithium.     The  observation  of  bright  lines  not  belonging  to  any  of  the  pre- 

Tionsly  knovni  bodies  has  led  to  the  discovery  of  new  elements.     Thus, 

Bunsen  and  Kirchhoff,  when  examining  the  spectrum  of  a  flame  in  which  a 

mixture  of  alkaline  salt  was  evaporated,  observed  some  bright  lines,  which 

could  not  be  attributed  to  any  of  the  known  elements,  and  were  thus  led  to 

the  discovery  of  the  two  new  metals,  caesium  and  rubidium.     By  the  same 

method  a  new  element,  thallium,  has  been  more  recently  discovered  by  Mr. 

Crookes. 

For  the  examination  of  the  bright  lines  in  the  spectra  of  metals,  the 
electric  spark,  passing  between  two  points  of  the  metal  under  examination, 
may  be  conveniently  employed  as  a  source  of  light.  Small  quantities  of 
the  metal  are  invariably  volatilized;  and  the  spectrum  developed  by  the 
electric  light  exhibits  the  bright  lines  characteristic  of  the  metal  employed. 
These  lines  were  observed  by  Wheatstoue  as  early  as  1835.  This  method  of 
investigation  is  more  especially  applicable  to  the  examination  of  the  spectra 
of  the  heayy  metals. 

By  a  series  of  theoretical  considerations,  Professor  Kirchhoff  has  arrived 
at  the  conclusion  that  the  spectrum  of  an  incandescent  gas  is  reversed — t.  «., 
that  the  bright  lines  become  dark  linos,  if  there  be  behind  the  incandescent 
gas  a  very  luminous  source  of  light,  which  by  itself  furnishes  a  continuous 
spectrum.  Kirchhoff  and  Bunsen  have  fully  confirmed  this  conclusion  by 
experiment.  Thus  a  volatile  lithium  salt  produces,  as  just  pointed  out,  a 
very  distinct  bright  line  in  the  red  portion  of  the  spectrum ;  but  if  bright 
sunlight,  or  the  light  emitted  by  a  solid  body  heated  to  the  most  powerful 
incandescence,  be  allowed  to  fall  through  the  flame  upon  the  prism,  the 
spectrum  exhibits,  in  the  place  of  this  bright  line,  a  black  line  similar  in 
every  respect  to  Fraunhofer's  lines  in  the  solar  spectrum.  In  like  manner 
the  bright  strontium  line  is  reversed  into  a  dark  line.  Kirchhoff  and  Bunsen 
have  expressed  the  opinion  that  all  the  Fraunhofer  lines  in  the  solar  spec- 
trum are  bright  lines  thus  reversed.  In  their  conception,  the  sun  is  sur- 
rounded by  a  luminous  atmosphere,  containing  a  certain  number  of  volatilized 
substances,  which  would  give  rise  in  the  spectrum  to  certain  bright  lines, 
if  the  light  of  the  solar  atmosphere  alone  could  reach  the  prism;  but  the 
intense  light  of  the  powerful  incandescent  body  of  the  sun  which  passes 
through  the  solar  atmosphere,  causes  these  bright  lines  to  be  reversed,  and 
to  appear  as  dark  lines  on  the  ordinary  solar  spectrum.  Kirchhoff  and 
Bunsen  have  thus  been  enabled  to  attempt  the  investigation  of  the  chemical 
constituents  of  the  solar  atmosphere,  by  ascertaining  the  elements  which, 
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when  in  the  state  of  incandescent  yapor,  deyelop  bright  spectral  lines,  co- 
inciding with  Fraunhofer's  lines  in  the  solar  spectrum.  Fraunhoier*s  line 
D  (fig.  58)  coincides  most  accurately  with  the  bright  spectral  line  of  sodium, 
and  may  be  artificially  produced  by  reversing  the  latter ;  sodium  would  thus 
appear  to  be  a  constituent  of  the  solar  atmoHphere.  Kirchhoff  has  proved, 
moreover,  that  sixty  bright  lines  perceptible  in  the  spectrum  of  iron  cor- 
respond, both  as  to  position  and  distinction,  most  exactly  with  the  same 
cumber  of  dark  lines  in  the  solar  spectrum ;  and,  accordingly,  he  believes 
iron,  in  the  state  of  vapor,  to  be  present  in  the  solar  atmosphere.  In  a 
similar  manner  this  physicist  has  endeavored  to  establish  the  presence  of 
several  other  elements  in  the  solar  atmosphere. 

Abtorption  Spectra,  —  The  relative  quantities  of  the  several  colored  rays 
absorbed  by  a  colored  medium  of  given  thickness  may  be  observed  by  view- 
ing a  line  of  light  through  a  prism  and  the  colored  medium;  the  spectrum 
will  then  be  seen  to  be  diminished  in  brightness  in  some  parts,  and  perhaps 
cut  off  altogether  in  others.  This  mode  of  observation  is  often  of  great  use 
in  chemical  analysis,  as  many  colored  substances  when  thus  examined  afford 
very  characteristic  spectra,  the  peculiarities  of  which  may  often  be  dis- 
tinguished, even  though  the  solution  of  the  substance  under  examination 
contains  a  sufficient  amount  of  colored  impurities  to  change  its  color  very 
considerably.  The  following  method  of  making  the  observation  is  given  by 
Professor  Stokes.* 

A  small  prism  is  to  be  chosen  of  dense  flint  glass,  ground  to  an  angle  of 
60^,  and  just  large  enough  to  cover  the  eye  comfortably.  The  top  and 
bottom  should  be  flat,  for  convenience  of  holding  the  prism  between  the 
thumb  and  fore-finger,  and  laying  it  down  on  a  table,  so  as  not  to  scratch 
or  soil  the  faces.  A  fine  line  of  light  is  obtained  by  making  a  vertical  slit 
in  a  board  six  inches  square,  or  a  little  longer  in  a  horizontal  direction,  and 
adapting  to  the  aperture  two  pieces  of  thin  metal.  One  of  the  metal  pieces 
is  movable,  to  allow  of  altering  the  breadth  of  the  slit.  About  the  fiftieth 
of  an  inch  is  a  suitable  breadth  for  ordinary  purposes.  The  board  and 
metal  pieces  should  be  well  blackened. 

On  holding  the  board  at  arm's  length  against  the  sky  or  a  luminous  flame, 
the  slit  being,  we  will  suppose,  in  a  vertical  direction,  and  viewing  the  line 
of  light  thus  formed  through  the  prism  held  close  to  the  eye,  with  its  edge 
vertical,  a  pure  spectrum  is  obtained  at  a  proper  azimuth  of  the  prism. 
Turning  the  prism  round  its  axis  alters  the  focus,  and  the  proper  focus  is 
got  by  trial.  The  whole  of  the  spectrum  is  not,  indeed,  in  perfect  focus  at 
once,  so  that  in  scrutinizing  one  part  after  another  it  is  requisite  to  turn 
the  prism  a  little.  'When  daylight  is  used,  the  spectrum  is  known  to  be 
pure  by  its  showing  the  principal  fixed  lines ;  in  other  cases  the  focus  is  got 
by  the  condition  of  seeing  distinctly  the  other  objects,  whatever  they  may 
be,  which  are  presented  in  the  spectrum.  To  observe  the  absorption-spec- 
trum of  a  liquid,  an  elastic  band  is  put  round  the  board  near  the  top,  and  a 
test-tube  containing  the  liquid  is  slipped  under  the  band,  which  holds  it  in 
its  place  behind  the  slit.  The  spectrum  is  then  observed  just  as  before,  the 
test-tube  being  turned  from  the  eye. 

To  observe  the  whole  progress  of  the  absorption,  different  degrees  of 
strength  must  be  used  in  succession,  beginning  with  a  strength  which 
does  not  render  any  part  of  the  spectrum  absolutely  black,  unless  it  be  one 
or  more  very  narrow  bands,  as  otherwise  the  most  distinctive  features  of 
the  absorption  might  be  missed.  If  the  solution  be  contained  in  a  wedge- 
shaped  vessel  instead  of  a  tcst^ubc,  the  progress  of  the  absorption  may  be 
watched  in  a  continuous  manner  by  sliding  the  vessel  before  the  eye.  Some 
observers  prefer  using  a  wedge-shaped  vessel  in  combination  with  the  slit, 
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(he  ilit  being  perpendicular  to  Ibe  edge  of  the  wedg«.  In  thia  cue  each 
element  of  the  slit  forma  an  elemcnlHry  iipoclruni  correBpondiDg  to  a  thick- 
ness of  the  Bolution  which  increues  in  n  cuiiiiniioua  manner  from  the  edge 
of  the  wedge,  where  it  vanishee,  Thix  is  iiie  mods  of  obserrBtion  adopted 
bj  QUdslone." 

Pig.  60  reprcsentB  the  effect  produced  in  Ihia  way  bj  a  solalioD  of 
chroroio  chloride,  and  fig.  61  that  produced  by  a  solution  of  potaauum 
permanganate. 

isg.  to.  ng.  n. 


The  righl-hand  aide  of  Ibese  flguroB  corresponds  with  Ibe  red  end  of  the 
spectrum  ;  the  letters  refer  to  Fraunhofcr's  lines.  The  lower  part  of  each 
figure  shows  the  pure  apectrum  aeen  through  ihe  Ihinnesl  part  of  the  wedge ; 
anil  the  progress  of  the  absorplion,  as  the  thickness  of  the  liquid  increases, 
is  seen  by  Ihe  gradual  obliteration  of  the  spectrum  towards  the  upper  part 
of  the  figures. 

Fluoreacenct.  —  An  eiaminalion  into  a  peculiar  mode  of  analysis  of  light, 
dlsccTered  by  Sir  John  Herschel,  in  a  solution  of  quinine  sulphate,  has 
wllhin  Ihe  last  fevr  years  led  to  (he  discovery  of  a  moat  remarkable  fad. 
Mr.  Stokes  has  obaerved  that  light  of  oerloin  refrangibility  and  color  is 
c:kpable  of  experiencing  a  peculiar  influence  in  being  dispersed  by  certain 
media,  and  of  undergoing  thereby  an  alteration  of  its  refrangibility  and  color. 
This  curious  change,  called  fluoresoence,  can  bo  produced  by  a  great  number 
of  bodies,  both  liquid  and  solid,  transparent  and  opaque.  Frequently  the 
change  affects  only  the  extreme  limits ;  at  other  times  larger  portions,  and 
in  a  few  cases  even  the  whole,  or,  at  all  CTente,  the  major  part  of  the  spec- 
tram.  A  dilute  solution  of  quinine  sulphate,  for  instance,  changes  the 
•ielet  and  the  darh-blue  light  to  sky-blue;  by  a  decoction  of  madder  in  a 
solution  of  alum  all  rays  of  higher  refrangibility  than  yellow  are  conTcrted 
into  yellow;  by  an  alcoholic  solution  of  Ihe  coloring  matter  of  leaves  all  the 
rays  of  the  spectrum  become  red.  In  all  cases  in  which  this  peculiar  phe- 
nomenon presented  itself  in  a  greater  or  less  degree.  Mr.  Stokes  observed 
(hat  it  consisted  io  a  diminution  of  the  refrangibility.  Thus,  rays  of  so 
high  a  degree  of  refrangibility,  that  they  extend  far  beyond  Ihe  extreme 
limila  of  the  speclrum  visible  under  or<linary  circumstances,  may  be  ren- 
dered luminous,  and  converted  into  blue  and  even  red  light. 

DoDBLB  Kefkactiod  AND  PoLABiEATioN.  —  A  ray  of  common  tight  made 
Id  pass  through  certain  crystals  of  a  particular  order  is  found  to  undergo  a 
very  remarkable  change.     II  becomes  split  or  divided  into  two  rays,  one  of 
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Fig.  62. 


which  follows  the  general  law  of  refractioDi  while  the  other  takes  a  new 
and  extraordinary  course,  dependent  on  the  position  of  the  crystal.  This 
efifect,  which  is  called  double  refraction,  is  beautifully  illustrated  in  the  case 
of  Iceland  spar,  or  crystallized  calcium  carbonate.  On  placing  a  rhomb  of 
this  substance  on  a  piece  of  white  paper  on  which  a  mark  or  line  has  been 
made,  the  object  will  be  seen  double. 

Again,  if  a  ray  of  light  be  suffered  to  fall  on  a  plate  of  glass  at  an  angle 
of  50®  45^,  the  portion  of  the  ray  which  suffers  reflection  will  be  found  to 
have  acquired  properties  which  it  did  not  before  possess ;  for  on  throwing 
it,  at  the  same  angle,  upon  a  second  glass  plate,  it  will  be  observed  that 
there  are  two  particular  positions  of  the  latter,  namely,  those  in  which  the 
planes  of  incidents  are  at  right  angles  to  one  another,  when  the  ray  of  light 
is  no  longer  reflected,  but  entirely  refracted.  Light  which  has  suffered  this 
change  is  saidto  be  polarized. 

The  light  which  passes  through  the  first  or  polarizing  plate  is,  also,  to  a 
certain  extent,  in  this  peculiar  condition,  and  by  employing  a  scries  of 

similar  plates  held  parallel  to  the  first,  this  effect  may 
be  greatly  increased;  a  bundle  of  fifteen  or  twenty 
such  plates  may  be  used  with  great  conyenience  for  the 
experiment.  It  is  to  be  remarked,  also,  that  the  light 
polarized  by  transmission  in  this  manner  is  in  an  oppo> 
site  state  to  that  polarized  by  reflection ;  that  is,  when 
examined  by  a  second  or  analyzing  plate,  held  at  the 
angle  before  mentioned,  it  will  be  seen  to  be  reflected 
when  the  other  is  transmitted,  and  to  be  dispersed  when 
the  first  is  reflected. 

It  is  not  every  substance  which  is  capable  of  polar-^ 
izing  light  in  this  manner;  glass,  water,  and  certain 
other  bodies  bring  about  the  change  in  que^tion,  each 
haying  a  particular  polarizing  angle  at  which  the  effect 
is  greatest.  The  metals  also  can,  by  reflection,  polarize 
the  light,  but  they  do  so  yery  imperfectly.  The  two  rays  into  which  a 
pencil  of  common  light  divides  itself  in  passing  through  a  doubly  refracting 
crystal  are  found  on  examination  to  be  polarized  in  a  very  complete  manner, 
and  also  transversely,  the  one  being  capable  of  reflection  when  the  other 
vanishes  or  is  transmitted.  The  two  rays  are  said  to  bo  polarized  in  op- 
posite directions.  With  a  rhomb  of  transparent  Iceland  spar  of  tolerably 
large  dimensions,  the  two  oppoifitely  polarized  rays  may  be  widely  separated 
and  examined  apart. 

Certain  doubly  refracting  crystals  absorb  the  one  of  these  rays,  but  not 
the  other.  Through  a  plate  of  such  a  crystal  one  ray  passes  and  becomes 
entirely  polarized ;  the  other,  which  is  likewise  polarized,  but  in  another 
plane,  is  removed  by  absorption.  The  best  known  of  these  media  is  tour- 
maline. When  two  plates  of  this  mineral,  cut  parallel  to  the  axis  of  the 
crystal,  are  held  with  their  axes  parallel,  as  in  fig.  63,  light  traverses  them 
both  freely;  but  when  one  of  them  is  turned  round  in  the  manner  shown  in 
fig.  64,  so  as  to  make  the  axes  cross  at  right  angles,  the  light  is  almost 
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wholly  stopped,  if  the  tourmalines  are  good.  A  plate  of  the  mineral  thus 
becomes  an  excellent  test  for  discriminating  between  polarized  light  and 
that  which  has  not  undergone  the  change. 

Some  of  the  most  splendid  phenomena  of  the  science  of  light  are  ex- 
hibited when  thin  plates  of  doubly  refracting  subetances  are  interposed 
between  the  polarizing  arrangement  and  the  analyzer. 

Instead  of  the  tourmaline  plate,  which  is  always  colored,  frequent  use  is 
made  of  two  Nichors  prisms,  or  conjoined  prisms  of  calcium  carbonate, 
which,  in  consequence  of  a  peculiar  cutting  and  combination,  possess  the 
]>roperty  of  allowing  only  one  of  the  oppositely  polarized  rays  to  pass.  A 
more  adTantageous  method  of  cutting  and  combining  prisms  has  been  given 
by  M.  Foucault.  His  prisms  are  as  serviceable  as  and  less  expensive  tiian 
those  of  Nichol.  If  two  Nichol's  or  Foucault's  prisms  be  placed  one  behind 
the  other  in  precisely  similar  positions,  the  light  polarized  by  the  one  goes 
through  the  other  unaltered.  But  when  one  prism  is  slightly  turned  round 
in  its  setting,  a  cloudiness  is  produced ;  and  by  continuing  to  turn  the  prism, 
this  increases  until  perfect  darkness  ensues.  This  happens,  as  with  the  tour- 
maline plates,  when  the  two  prisms  cross  one  another.  The  phenomenon 
is  the  same  with  colorless  as  with  colored  light. 

Circular  Polarizatiok. — Supposing  that  polarized  light,  colored,  for  ex- 
ample, by  going  through  a  plate  of  red  glass,  has  passed  through  the  first 
NichoVs  prism,  and  been  altogether  obstructed  in  consequence  of  the  posi- 
tion of  the  second  prism,  then,  if  between  the  tw^o  prisms  a  plate  of  rook- 
crystal  formed  by  a  section  at  right  angles  to  the  principal  axis  of  the  crystal, 
be  interposed,  the  light  polarized  by  the  first  prism  will,  by  passing  through 
the  plate  of  quartz,  be  enabled  partially  to  pass  through  the  second  Nichol't 
prism.  Its  passage  through  the  second  prism  can  then  again  be  interrupted 
by  turning  the  second  prism  round  to  a  certain  extent.  The  rotation  re- 
quired Tariet  with  the  thickness  of  the  plate  of  rock-crystal,  and  also  with 
the  color  of  the  light  employed.  It  increases  from  red  in  the  following 
order  —  yellow,  green,  blue,  violet. 

This  property  of  rock-crystal  was  discovered  by  Arago.  The  kind  of 
polarization  has  been  called  circular  polarization.  The  direction  of  the 
rotation  is  with  many  plates  towards  the  right  hand ;  in  other  plates  it  is 
towards  the  left.  The  one  class  is  said  to  possess  right-handed  polarization, 
the  other  class  left-handed  polarization.  For  a  long  time  quartz  was  the 
only  solid  body  known  to  exhibit  circular  polarization.  Others  have  since 
been  found  which  possess  this  property  in  a  far  higher  degree.  Thus,  a 
plate  of  cinnabar  acts  fifteen  times  more  powerfully  than  a  plate  of  quartz 
of  equal  thickness. 

Biot  observed  that  many  solutions  of  organic  substances  exhibit  the 
property  of  circular  polarization,  though  to  a  far  less  extent  than  rock- 
crjstal.  Thus,  solutions  of  cane-sugar,  glucose,  and  tartaric  acid,  possess 
right-handed  polarization;  whilst  albumen,  uncrystallizable  sugar,  and  oil 
of  turpentine,  are  left-handed.  In  all  these  solutions  the  amount  of  circular 
polarization  increases  with  the  concentration  of  the  liquid  and  the  thickness 
of  the  column  through  which  the  light  passes.  Hence  circular  polarization 
i5  an  important  auxiliary  in  chemical  analysis.  In  order  to  determine  the 
amount  of  polarization  which  any  liquid  exhibits,  it  is  put  into  a  glass  tube 
not  less  than  from  ten  to  twelve  inches  long,  which  is  closed  with  glass 
pbites.  This  is  then  placed  between  the  two  NichoFs  prisms,  which  have 
previously  been  so  arranged  with  regard  to  each  other  that  no  light  could 
pass  through.  An  apparatus  of  this  description,  the  saccharimeter,  is  used 
for  determining  the  concentration  of  solutions  of  cane-sugar. 

The  form  of  this  instrument  may  be  seen  in  fig.  65.  The  two  NichoVs 
prisms  are  enclosed  in  the  corresponding  fastenings  a  and  b.  Between  the 
two  there  is  a  space  to  receive  the  tube,  which  is  filled  with  the  solution  of 
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sugar.  If  the  prisma  are  crossed  in  the  way  aboTe  mentioned  before  tfa« 
tube  is  put  in  its  place,  that  is,  if  they  are  placed  so  that  no  light  paasea 
them,  then  by  the  action  of  the  solution  of  sugar  the  light  is  enabled  to 
pass,  and  the  Nichol's  prism,  a,  must  be  turned  through  a  certain  angle 
before  the  light  is  again  perfectly  stopped.  The  magnitude  of  this  angle  i? 
observed  on  the  circular  disk  t  c,  which  is  divided  into  degrees,  and  upon 
which,  by  the  turning  of  the  prism,  an  index  z  is  moved  along  the  divieioD. 
When  the  tube  is  exactly  ten  inches  long,  and  is  closed  at  both  ends  by  flat 
glass  plates,  and  when  it  is  filled  with  solution  containing  10  per  cent,  by 
weight  of  cane-sugar,  and  free  from  any  other  substance  possessing  an  ac- 
tion on  light,  the  angle  of  rotation  is  13'35°.  Since  the  magnitude  of  thi$ 
angle  stands  in  direct  relation  to  the  length  of  the  column  of  liquid  and 
also  to  the  quantity  of  sugar  in  solution,  it  is  clear  that  the  quantity  of 
sugar  in  any  given  solution,  when  the  length  of  the  column  of  liquid  is  I 
inches,  and  the  angle  of  rotation  is  a  degrees,  can  be  determined  by  t^c 

a   X    I 
equation,  =  ^5:33-. 

This  process  is  not  sufficient  when  the  solution  contains  cane-sugar  and 
uncrystallixable  sugar:  for  the  latter  rotates  the  ray  to  the  left;  in  thai 

Fig,  65. 
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case  only  the  diifcrence  of  the  two  actions  is  obtained.  Dut  if  the  whole 
quantity  of  Bugar  be  changed  into  uncrystallizable  sugar,  and  the  experi- 
ment be  repeated,  then  from  the  results  of  the  two  observations  the  quan- 
tity of  both  kinds  of  sugar  can  easily  be  calculated. 

It  is  difficult  to  find  exactly  that  position  of  the  Nichol's  prisms  in  which 
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he  greatest  darkness  preyails.     To  make  the  measurements  more  exact  and 
.'asy,  Soleil  has  made  some  additions  to  the  apparatus.     At  g,  before  the 
>rism  6,  a  plate  of  rock-crystal  cut  at  right  angles  to  the  axis  is  placed. 
it  is  dlTided  in  the  centre  of  the  field  of  Tision,  half  consisting  of  quartz 
rotating  to  the  right  hand,  and  half  of  the  variety  which  rotates  to  the  left; 
It  is  0-148  inch  (3*75  millimetre)  thick,  this  thickness  being  found  by  ex- 
periment to  produce  the  greatest  difference  in  the  color  of  the  two  halyes, 
when  one  prism  is  slightly  rotated.     The  solution  of  sugar  has  precisely  the 
)ame  action  on  the  rotation,  since  it  increases  the  action  of  the  half  which 
bas  a  right-handed  rotation,  and  lessens  the  action  of  the  half  which  rotates 
to  the  left.      Hence  the  two  halves  will  assume  a  different  color  when  the 
smallest  quantity  of  sugar  is  present  in  the  liquid.     By  slightly  turning  the 
N  ichors  prism  a,  this  difference  can  be  again  removed.     Soleil  has  intro- 
duced another  more  delicate  means  of  effecting  this  at  the  part  /?,  which  he 
calls  the  compensator.     The  most  important  parts  of  this  are  separately 
represented  in  fig.  65.    It  consists  of  two  exactly  equal  right-angled  prisms, 
of  left-handed  quartz,  whose  surfaces,  c^  and  c,  are  cut  perpendicular  to  the 
optic  axis.     These  prisms  can,  by  means  of  the  screw  v  and  a  rack  and 
ptnion,  be  made  to  slide  on  one  another,  so  that,  when  taken  together,  they 
form  a  plate  of  varying  thickness,  bounded  by  parallel  surfaces.     One  of 
the  frames  has  a  scale  p,  the  other  a  vernier  n.     When  this  points  to  zero 
of  the  scale,  the  optical  action  of  the  two  prisms  is  exactly  compensated  by 
a  right-handed  plate  of  rock-crystal,  so  that  an  effect  is  obtained  as  regards 
circular  polarization,  as  if  the  whole  system  were  not  present.     As  Boon, 
however,  as  the  screw  is  moved,  and  thus  the  thickness  of  the  plate  formed 
by  the  two  prisms  is  changed  (we  will  suppose  it  increased),  then  a  left- 
handed  action  ensues,  which  must  be  properly  regulated,  until  it  compen- 
eate8  the  opposite  action  of  a  solution  of  sugar.     Thus  a  convenient  method 
19  obtained  of  rendering  the  color  of  the  double  plate  uniform,  when  it  has 
ceased  to  be  so  by  the  action  of  the  sugar. 

Faraday  has  made  the  remarkable  discovery  that,  if  a  very  strong  electric 
current  be  passed  round  a  substance  which  possesses  the  property  of  circular 
polarization,  the  amount  of  rotation  is  altered  to  a  considerable  degree. 

HEATiifo  Ann  Chxmical  Rats  OF  the  Solas  Spsctrum. — The  luminous 
njs  of  the  sun  are  accompanied,  as  already  mentioned,  by  others  which 
]>088e9s  heating  powers.     If  the  temperature  of  the  different-colored  spaces 
in  the  spectrum  be  tried  with  a  delicate  thermometer,  it  will  be  found  to  in- 
crease from  the  violet  to  the  red  extremity,  and  when  the  prism  is  of  some 
particular  kinds  of  glass,  the  greatest  effect  will  be  manifested  a  little  beyond 
the  visible  red  rays.     The  position  of  the  greatest  heating  effect  in  the 
Bpectrum  materially  depends  on  the  absorptive  nature  of  the  glass.     Trans- 
parent though  this  medium  is  to  the  rays  of  light,  it  nevertheless  absorbs  a 
considerable  quantity  of  the  heat  rays.     Transparent  rock-salt  is  almost 
vithout  absorptive  action  on  the  thermal  rays.     In  the  spectrum  obtained 
hj  passing  the  solar  rays  through  prisms  of  rook-salt,  the  greatest  thermal 
effect  is  found  at  a  position  far  beyond  the  last  visible  red  rays.     It  is  in- 
ferred from  this  that  the  chief  mass  of  the  heating  rays  of  the  sun  are 
among  the  least  refrangible  components  of  the  solar  beam. 

Again,  it  has  long  been  known  that  chemical  changes  both  of  combination 
&nd  of  decomposition,  but  more  particularly  the  latter,  can  be  effected  by 
the  action  of  light.  Chlorine  and  hydrogen  combine  at  common  tempera- 
tures only  under  the  influence  of  light;  and  parallel  cases  occur  in  great 
numbers  in  organic  chemistry.  The  blackening  and  decomposition  of  silver 
^&lts  are  familiar  instances  of  the  chemical  powers  of  the  same  agent.  Now, 
it  ia  not  always  the  luminous  part  of  the  ray  which  effects  these  changes ; 
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they  are  chiefly  produced  by  certain  invisible  rays,  which  accompuiy  ibe 
others,  and  are  lound  most  abundantly  beyond  the  Tlolct  part  of  the  ftjtec- 
trum.  It  is  there  that  certain  chemical  efl'ects  are  most  marked,  although 
the  intensity  of  the  light  is  exceedingly  feeble.  From  the  fact  that  eume 
salts  of  siWer  are  less  readily  decomposed  by  the  luminous — yellow, 
orange,  and  red  rays  —  than  by  certain  rays  which  extend  beyond  the  or- 
dinary visible  spectrum,  it  has  been  concluded  that  there  exists  in  the  sun- 
beam, in  addition  to  heat  and  light,  a  principle  having  a  distinct  action,  to 
which  the  provisional  term  acUnitm  has  been  given — from  d«rtc,  a  raj.  The 
actinic  rays  are  thus  directly  opposed  to  the  heating  rays  in  the  common 
spectrum  in  their  degree  of  rel'rangibility,  since  they  exceed  all  the  otht>t> 
in  this  respect.  The  luminous  rays,  too,  under  peculiar  conditions*  exm 
decomposing  powers  upon  silver  salts.  The  result  of  the  action  of  any  raj 
depends,  moreover,  greatly  on  the  physical  state  of  the  surface  upon  which 
it  falls,  and  on  the  chemical  constitution  of  the  body;  indeed,  for  every 
kind  of  ray  a  substance  may  be  found  which  under  particular  circumstanct-s 
will  be  affected  by  it ;  and  thus  it  appears  that  the  chemical  functions  are 
by  no  means  confined  to  any  set  of  rays  to  the  exclusion  of  the  rest. 

Upon  the  chemical  changes  produced  by  light  is  based  the  art  of  phot(h 
graphy.  In  the  year  1802,  Mr.  Thomas  Wedgwood  proposed  a  method  of 
copying  paintings  on  glass  by  placing  behind  them  white  paper  or  leather 
moistened  with  a  solution  of  silver  nitrate,  which  became  decomposed  and 
blackened  by  the  transmitted  light  in  proportion  to  the  intensity  of  the 
latter ;  and  Davy,  in  repeating  these  experiments,  found  that  he  could  thus 
obtain  tolerably  accurate  representations  of  objects  of  a  texture  partly 
opaque  and  partly  transparent,  such  as  leaves  and  the  wings  of  inseci?. 
nnd  even  copy  with  a  certain  degree  of  success  the  images  of  small  obj(ets> 
obtained  by  the  solar  microscope.  These  pictures,  however,  required  to 
be  kept  in  the  dark,  and  could  only  be  examined  by  candle-light,  otherwbe 
they  became  obliterated  by  the  blackening  of  the  whole  surface  from  which 
the  salt  of  silver  cduld  not  be  removed  These  attempts  at  light-painting 
attracted  but  little  notice  till  the  publication  of  Mr.  Fox  Talbot's  papers, 
read  before  the  Royal  Society,  in  January  and  February,  1839,  in  which 
he  detailed  two  methods  of  fixing  the  pictures  produced  by  the  action  of 
light  on  paper  impregnated  with  silver  chloride,  and  at  the  same  time  de- 
scribed a  plan  by  which  the  sensibility  of  the  prepared  paper  may  be  in- 
creased to  the  extent  required  for  receiving  impressions  from  the  images 
of  the  camera  obscura. 

Very  shortly  afterwards.  Sir  John  Herschel  proposed  to  employ  solutions 
of  the  alkaline  hyposulphites  for  removing  the  excess  of  silver  chloride 
from  the  paper,  and  thus  preventing  the  further  action  of  light;  and  this 
plan  has  been  found  exceedingly  successful.  The  greatest  improvement, 
however,  which  the  curious  art  of  photogenic  drawing  has  received,  is  due 
to  Mr.  Talbot,  who,  in  a  communication  to  the  Royal  Society,  described 
a  method  by  which  paper  of  such  sensibility  could  be  prepared  as  to  per- 
mit its  application  to  the  taking  of  portraits  of  living  persons  by  the  aid 
of  a  good  camera  obscura,  the  time  required  for  a  perfect  impression 
seldom  exceeding  a  few  seconds.  The  plan  at  present  in  use  is  the 
following: 

Writing-paper  of  good  quality  is  washed  on  one  side  with  a  solution  of 
thirty  grains  of  silver  nitrate  in  one  ounce  of  distilled  water,  and  then  left 
to  dry  spontaneously  in  a  dark  room;  when  dry,  it  is  immersed  for  from 
five  to  ten  minutes  in  a  solution  of  one  ounce  of  potassium  iodide  in  twenty 
ounces  of  water.  The  paper  is  then  soaked  in  water  for  half  an  hour, 
changing  the  water  three  or  four  times  to  remove  the  excess  of  potassium 
iodide,  and  is  then  dried.  These  operations  should  be  performed  by  candle- 
light.    When  required  for  use,  the  paper,  thus  coated  with  yellow  silver 
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iodide,  is  brushed  oTer  with  a  aolation  made  bj  adding  tegsther  one  part 
of  a  solution  of  siWer  nitrate,  fifty  grains  to  one  ounce  of  water;  two 
parti  glacial  acetic  acid,  and  three  p>irts  of  a  saturated  (solution  of  gallic 
acid ;  after  a  few  seconds  the  excess  is  remoyed  by  blotting-paper.  This, 
which  is  called  Talbotype  or  Calotype  paper,  is  now  ready  for  use;  exposure 
to  diffused  daylight  for  one  second  suthces  to  make  an  impression  upon  it, 
and  cTen  the  light  of  the  moon  produces  the  same  effect,  although  a  much 
longer  time  is  required.  For  landscapes  and  fixed  objects,  and  when  the 
paper  is  required  to  be  prepared  long  beforehand,  the  above  mixture  of 
*^* gaUo-nitraU^^  should  be  diluted  with  from  twenty  to  fifty  volumes  of 
water,  since,  especially  in  hot  weather,  without  this  precaution  the  paper 
blackens  spontaneously. 

The  images  of  the  camera  obscura  are  at  first  invisible,  but  are  made  to 
appear  in  full  intensity,  by  once  more  washing  the  paper  with  a  mixture 
of  one  part  of  the  silver  solution  (fifty  grains  to  an  ounce  of  water)  and 
fonr  parts  of  the  saturated  solution  of  gallic  acid.  The  image  soon  appears, 
and  should  be  fully  developed  in  a  few  minutes. 

The  picture  is  of  course  neffatioe,  the  lights  and  shadows  being  reversed ; 
to  obtain  po$itwe  copies,  nothing  more  is  necessary  than  to  place  a  piece  of 
photographic  paper  prepared  with  silver  chloride,  or  a  piece  of  talbotype 
paper,  beneath  the  negative  cover,  to  press  the  two  papers  in  contact  by 
means  of  a  glass,  and  to  expose  the  whole  to  the  light  of  the  sun  for  a 
short  time,  or  longer  to  diffased  daylight. 

Before  this  can  be  done,  the  negative  must,  however,  be  fixed,  otherwise 
it  will  blacken :  this  is  done  temporarily  by  washing  with  a  solution  of 
potassiam  bromide,  ten  grains  in  an  ounce  of  water,  and  then  rinsing  in 
common  water.  The  ultimate  fixing  is'  effected  by  immersion  in  a  solution 
of  one  part  of  sodium  hyposulphite,  in  from  four  to  ten  parts  of  water: 
the  weaker  solution  should  be  used  hot,  about  82®  C.  flSO^F.),  and  the 
immersion  continued  until  the  yellow  tint  arising  from  tne  undeoomposed 
iodide  disappears:  finally,  r^eatedly  washing  in  hot  water,  drying,  and 
saturating  with  white  wax,  terminates  the  process.    ' 

The  positives  are  also  fixed  by  sodium  hyposulphite,  by  potassium  cyanide, 
or  by  ammonia ;  all  of  which  act  by  removing  the  undeoomposed  silver 
chloride.  The  conservation  of  the  positive  is  a  point  of  difficulty.  Mr. 
Halone  recommends  immersion  in  a  strong  solution  of  caustic  potassa, 
heated  to  about  82®  C. ;  a  change  of  tint  ensues,  and  greater  permanence  is 
acquired.  After  removal  of  the  alkali  and  any  sulphur  and  chlorine  com- 
pounds present,  the  picture  should  be  sized  and  hot-pressed,  or  varnished, 
keeping  the  finished  proof  most  carefully  excluded  from  sulphuretted 
vapors. 

Sir  John  Herschel  has  shown  that  a  great  number  of  other  substances  can 
be  employed  in  these  photographic  processes  by  taking  advantage  of  the 
singular  deoxidizing  effects  of  certain  portions  of  the  solar  rays.  Paper 
washed  with  a  solution  of  ferric  salt  becomes  capable  of  receiving  impres- 
sions of  this  kind,  which  may  afterwards  be  made  evident  by  potassium  fer- 
rieyanide,  or  gold  chloride.  Vegetable  colors  are  also  acted  upon  in  a  very  cu- 
rious and  apparently  definite  manner  by  the  different  parts  of  the  spectrum. 
The  daguerreotype,  the  announcement  of  which  was  first  made  in  the 
Bommer  of  1889,  by  M.  Daguerre,  who  had  been  occupied  with  this  subject 
from  1826,  if  not  earlier,  is  another  remarkable  instance  of  the  decomposing 
effects  of  the  solar  rays.  A  clean  and  highly  polished  plate  of  silvered 
copper  is  exposed  for  a  certain  period  to  the  vapor  of  iodine,  and  then 
transported  to  the  camera  obscura.  In  the  most  improved  state  of  the  pro- 
cess, a  very  short  time  suffices  for  effecting  the  necessary  change  in  the 
film  of  silver  iodide.  The  picture,  however,  only  becomes  visible  by  expos- 
ing it  to  the  Tapor  of  mercury,  which  attaches  itself,  in  the  form  of  exceed- 
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ingly  minute  globules,  to  those  part^  which  hare  been  most  acted  upon,  that 
is  to  saj,  to  the  lights,  the  shadows  being  formed  by  the  dark  polish  of  the 
metallic  plate.  lastly,  the  drawing  is  washed  with  sodium  hyposulphite 
to  remoTe  the  undecomposed  siWer  iodide  and  render  it  permanent. 

The  images  of  objects  thus  produced  bear  the  most  minute  examination 
with  a  magnifying  glass,  the  smallest  details  being  depicted  with  perfect 
fidelity. 

Great  improTements  have  been  necessarily  made  in  the  application  of 
this  beautiful  art  to  taking  portraits.  By  the  joint  use  of  bromine  sod 
iodine  the  plates  are  rendered  far  more  sensitire,  and  the  time  of  sitting  ii 
shortened  to  a  rery  few  seconds.  In  fact,  the  sensitiyeness  of  the  photo- 
graphic plate  has  been  so  increased,  that  excellently  defined  picture?  of 
objects  in  rapid  motion,  horses  jumping,  ships  sailing,  &c.,  have  been  ob- 
tained. When  the  operation  is  completed,  the  color  of  the  plate  is  much 
improved  by  the  deposition  of  an  exceedingly  thin  film  of  gold,  which  com- 
municates a  warm  purplish  tint,  and  removes  the  previous  dull  leaden-gray 
hue,  to  most  persons  very  offensive. 

The  difficulty  of  obtaining  good  paper  for  the  talbotypo  has  led  to  the  in- 
vention of  various  substitutes:  albumen  on  glass  and  collodion  are  used  with 
success;  a  soluble  iodide,  or  some  analogous  salt,  is  mixed  with  either 
liquid,  and  the  mixture  applied  to  a  glass  or  porcelain  plate,  dried,  and  im- 
mersed in  a  solution  of  silver  nitrate ;  thus  a  sensitive  coating  is  formed, 
upon  which  the  images  of  the  camera  or  microscope  are  thrown,  and  de- 
veloped by  subsequent  treatment  with  deoxidizing  agents,  —  either  pyro- 
gallio  acid,  gallic  acid,  or  a  ferrous  salt  may  be  used.  The  fixing  is  accom- 
plished by  sodium  hyposulphite.  The  result  is  either  negative  or  positive 
at  the  will  of  the  operator.  The  |^oofs  on  porcelain  or  glass  may  be  burned 
in,  and  perhaps  thus  rendered  indestructible  by  time. 

Etching  and  lithographio  processes,  by  combined  chemical  and  photo- 
graphic agency,  promise  to  be  of  considerable  utility.  The  earliest  is  that 
of  Niepce :  he  applied  a  bituminous  coating  to  a  metal  plate,  upon  which  sn 
engraving  was  superimposed.  The  light  being  thus  partially  interrupted, 
acted  unequally  upon  the  varnish ;  a  liquid  hydro-carbon,  petroleum^  used 
as  a  solvent,  removed  the  bitumen  wherever  the  light  had  not  acted;  aa 
engraving  acid  could  now  bite  the  unprotected  metal,  which  could  event- 
ually be  printed  from  in  the  usual  way.  Dr.  Donn6  and  Dr.  Berres,  by 
submitting  the  daguerreotype  to  the  action  of  nitric  acid  and  its  vapor,  ob- 
tained etchings  from  which  proofs  could  be  taken.  Mr.  Grove,  by  using 
chlorine  evolved  by  voltaic  agency,  succeeded  in  obtaining  a  more  manage- 
able process  Very  successful  results  have  also  been  obtained  by  M.  Fiseao, 
who  submits  the  daguerreotype  to  the  action  of  a  mixture  of  dilute  nitric 
acid,  common  salt,  and  potassium  nitrate,  when  the  silver  only  is  attacked, 
the  mercurialized  portion  of  the  image  resisting  the  acid :  an  etching  is  thus 
obtained  following  minutely  the  lights  and  shadows  or  the  picture.  To 
deepen  this  etching,  the  silver  chloride  formed  is  removed  by  ammonia,  the 
plate  is  boiled  in  caustic  potassa  and  again  treated  with  acid,  and  so  on  till  the 
etching  is  of  sufficient  depth.  In  extreme  cases  electro-gilding  is  resorted 
to,  and  an  engraving  acid  used  to  get  still  more  powerful  impressions. 

Among  the  latest  results  are  those  obtained  by  Mr.  Talbot  on  steel  plates: 
he  uses  a  mixture  of  potassium  bichromate  and  gelatin,  which  hardens  by 
exposure  to  the  light;  the  parts  not  affected  are  removed  by  washing. 
Platinum  tetrachloride  is  used  as  an  etching  liquid ;  it  has  the  advantage 
of  biting  with  greater  regularity  than  nitric  acid. 

The  bitumen  process  of  M.  Niepce  has  been  applied  to  lithographic  stone ; 
and  positives  obtained  from  negative  talbotypes  have  been  printed  off  by 
a  modification  of  the  ordinary  lithographic  process.  M.  Niepce  finds  that 
ether  dissolves  the  altered  bitumen,  while  naphtha,  or  beniol,  attacks  by 
preference  the  bitumen  in  its  normal  condition. 
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MlSSIOlf  OF  HEAT. 

RADIATION  OF  HEAT. 

IF  a  red-hot  ball  be  placed  upon  a  meiallio  support,  and  left  to  itself, 
cooling  immediately  commences,  and  only  stops  when  the  temperature 
of  the  ball  is  reduced  to  that  of  the  surrounding  air.  This  effect  takes 
place  in  three  ways:  heat  i^  conducted  away  from  the  ball  through  the 
Bobstance  or  the  support;  another  portion  is  remored  by  the  convectiye 
power  of  the  air :  and  the  residue  is  thrown  off  from  the  heated  body  in 
straight  lines  or  rays  which  pass  through  air  without  interruption,  and 
become  absorbed  by  neighboring  objects  which  happen  to  be  presented 
to  their  impact. 

This  radiant  or  radiated  heat  resembles,  in  very  many  respects,  ordinary 
light ;  it  moves  with  great  velocity ;  it  suffers  reflection  from  surfaces ;  it 
enters  and  traverses  media,  undergoing  at  the  same  time  refraction,  ab* 
sorption,  and  polarization ;  in  fact,  it  is  in  all  these  cases  obedient  to  the 
same  laws  which  regulate  the  corresponding  phenomena  in  optics. 

The  fact  of  the  rejUclion  of  heat  may  be  very  easily  proved.  If  a  person 
stand  before  a  fire  in  such  a  position  that  his  face  may  be  screened  by  the 
mantelshelf,  and  if  he  then  take  a  bright  piece  of  metal,  as  a  sheet  of 
tinned  plate,  and  hold  it  in  such  a  manner  that  the  fire  may  be  seen  by 
reflection,  a  distinct  sensation  of  heat  will  at  the  same  moment  be  felt. 

The  apparatus  best  fitted  for  studying  these  facts  consists  of  a  pair  of 
concave  metallic  mirrors  of  the  form  called  parabolic.     The  parabola  is  a 
curre  possessing  very  peculiar  properties,  one  of  the 
most  prominent   being  the  following: — A  tangent  Pig.^A. 

drawn  to  aay  part  of  the  curve  makes  equal  angles 
with  two  lines,  one  of  which  proceeds  from  the  point 
where  the  tangent  touches  the  curve  in  a  direction 
parallel  to  vrhat  is  called  the  axis  of  the  parabola, 
and  the  other  from  the  same  spot  through  a  point  in 
front  of  the  ourve  called  the  focus.  It  results  from 
this  that  parallel  rays,  either  of  light  or  heat,  falling 
upon  a  mirror  of  this  particular  curvature  in  a  di- 
rection  parallel  with  the  axis  of  the  parabola,  will 
be  all  reflected  to  a  single  point  at  the  focus ;  and 
rays  diverging  from  this  focus,  and  impinging  upon 
the  mirror,  will,  after  reflection,  become  parallel 
^fig.  66). 

For  practical  purposes  the  parabolic  reflector  is 
generally  replaced  by  a  spherical  mirror  of  but  little  extent  as  compared 
with  its  radius  of  curvature.  The  line  drawn  from  the  centre  of  the  cur- 
▼ntare  to  the  middle  of  the  reflector,  t.  e.,  the  radius  of  the  sphere,  is  the 
principal  azia,  and  the  middle  of  this  radius  is  the  focus  of  the  spherical 
reflector.  This  focus  exhibits  nearly  all  the  characters  of  the  focus  of  the  par- 
abolic reflector.  The  spherical  reflector  is  much  more  easily  constructed  than 
(be  parabolic ;  it  has,  moreover,  the  advantage  that  every  line  drawn  from 
tbe  centre  of  the  curvature  towards  the  surface  of  the  mirror  may  be 
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looked  upon  as  an  axis  (collateral  axis),  and  the  middle  of  such  line 
focus  (collateral  focus),  and  used  as  such. 

If  two  such  mirrors  be  placed  opposite  to  each  other  at  a  considerable 
distance,  and  so  adjusted  that  their  axes  shall  be  coincident,  and  a  hot 
body  placed  in  the  focus  of  the  one,  while  a  thermometer  occupies  that  of 
the  other,  the  reflection  of  the  rays  of  heat  will  become  manifest  by 
their  effect  upon  the  instrument.  In  this  manner,  with  a  pair  of  by  no 
means  very  perfect  mirrors,  18  inches  in  diameter,  separated  by  an  interral 
of  20  feet  or  more,  amadou  or  gunpowder  may  be  readily  fired  by  a  red- 
hot  ball  in  the  focus  of  the  opposite  mirror  (fig.  67). 


The  power  of  radiation  Taries  exceedingly  with  different  bodies,  as  may 
be  ensily  proved.  If  two  similar  Tessels  of  equal  capacity,  and  constmcted 
of  thin  metal,  one  having  its  surface  highly  polished,  while  that  of  the 
other  is  covered  with  lampblack,  be  filled  with  hot  water  of  the  same  t«n> 
perature,  and  their  rate  of  cooling  observed  from  time  t-o  time  with  a 
thermometer,  it  will  be  constantly  found  that  the  blackened  vessel  loses 
heat  much  faster  than  the  one  with  bright  surfaces ;  and  since  both  are 
put  on  a  footing  of  equality  in  other  respects,  this  difference,  which  will 
often  amount  to  many  degrees,  must  be  ascribed  to  the  superior  emissive 
power  of  the  film  of  soot. 

By  another  arrangement,  a  numerical  comparison  can  be  made  of  these 
differences.  A  cubical  metallic  vessel  is  prepared,  each  of  whose  sides 
is  in  a  different  condition,  one  being  polished,  another  rough,  a  third  cov* 
ered  with  lampblack,  &c.  The  vessel  is  filled  with  water,  kept  constantly 
at  100°  by  a  small  steam-pipe.  Each  of  its  sides  is  then  presented  in  suc- 
cession to  a  good  concave  mirror,  having  in  its  focns  one  of  the  bulbs  of 
tVe  differential  thermometer  before  described  ffig.  26),  the  bulb  itself 
being  blackened.  The  effect  produced  on  this  instrument  is  taken  as  a 
measure  of  the  comparative  radiating  powers  of  the  different  surfaces. 
Sir  John  Leslie  obtained  by  this  method  of  experimenting  the  following 
results : 


Lampblack  . 
Writing-paper 
Glass   . 

EmiMive  power. 
.      100 
98 
.       90 

Tarnished  lead    , 
Clean  lead 
Polished  iron 

EmiflBlvepo 
.     46 

19* 
,     16 

Graphite  . 

76 

Polished  silver 

12 

*  The  mipiKMed  influence  of  mere  difference  of  surface  has  been  called  in  question  bj  Ifellofii, 
who  uttribiiteri  to  otlirr  causoe  the  effects  observed  by  Leslie  and  others,  among  which  saper- 
ficial  uxidution  and  differonctrfl  of  phynical  condition  with  respect  t<j  hardness  and  density  are 
among  the  most  importtint.  With  metals  not  subject  to  tarnisli,  scratching  the  sarfisce  in- 
cnf'$f«  the  emiKsivo  power  when  the  plates  have  been  rolled  or  hammered,  i.  e.,  are  in  a  com* 
pn^tMPd  state,  and  diniiniHlies  it,  on  the  contrary,  when  the  metal  hsa  been  cast  and  <Tar«fuUy 
poli^hc<l  w^ithout  burnishing.  In  the  case  of  ivory,  marble,  and  Jet,  where  compreaston  cannot 
titke  place,  no  difference  is  perceptible  in  the  radiating  power  of  polished  and  rongh 
(Ann.  Ch.  Pbys.,  lu.  435.) 
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The  best  reflecting  surfaces  are  always  the  worst  radiators;  polished 
metal  reflects  nearly  all  the  heat  that  falls  upon  it,  while  its  radiating 
power  is  the  feeblest  of  any  substance  tried,  and  lampblack,  which  reflects 
nothing,  radiates  most  perfectly. 

The  power  of  <ibsarbmg  heat  is  in  direct  proportion  to  the  power  of 
emission.  The  polished  metal  mirror,  in  the  experiment  with  the  red-hot 
ball,  remains  quite  cold,  although  only  a  few  inches  from  the  latter ;  or, 
again,  if  a  piece  of  gold  leaf  be  laid  upon  paper,  and  a  heated  iron  held 
over  it  until  the  paper  is  completely  scorched,  it  will  be  found  that  the  film 
of  metal  has  perfectly  defended  that  portion  beneath  it. 

The  faculty  of  absorption  seems  to  be  a  good  deal  influenced  by  color. 
Dr.  Franklin  found  that  when  pieces  of  cloth  of  various  colors  were  placed 
on  snow  exposed  to  the  feeble  sunshine  of  winter,  the  snow  beneath  became 
unequally  melted,  the  effect  being  always  in  proportion  to  the  depth  of  the 
color ;  and  Dr.  Stark  has  since  obtained  a  similar  result  by  a  different 
method  of  experimenting.  According  to  the  late  researches  of  Melloni, 
this  effect  depends  less  on  the  color  than  on  the  nature  of  the  coloring 
matter  which  covers  the  surface  of  the  cloth.  According  to  Melloni,  color 
does  not  influence  absorption  when  the  heat  rays  are  emitted  from  a  non- 
luminous  source,  such  as  a  cube  filled  with  hot  water ;  it  has,  however, 
great  efi'ect  on  the  absorption  of  heat  rays  given  off  from  a  luminous  body, 
as  the  son,  &c. 

These  facts  afford  an  explanation  of  two  very  interesting  and  important 
natural  phenomena,  namely,  the  origin  of  dew,  and  the  cause  of  the  land- 
and  sea-breezes  of  tropical  countries.  While  the  sun  remains  above  the 
horizon,  the  heat  radiated  by  the  surface  of  the  earth  into  space  is  com- 
pensated by  the  absorption  of  the  solar  beams;  but  when  the  sun  sets,  and 
the  supply  ceases,  while  the  emission  of  heat  goes  on  as  actively  as  before, 
the  surface  becomes  cooled  until  its  temperature  sinks  below  that  of  the 
air.  The  air  in  contact  with  the  earth  of  course  participates  in  this  re- 
duction of  temperature ;  the  aqueous  vapor  present  speedily  reaches  its 
p<^int  of  maximum  density,  and  then  begins  to  deposit  moisture,  whose 
quantity  will  depend  upon  the  proportion  of  vapor  in  the  atmosphere,  and 
on  the  extent  to  which  the  cooling  process  has  been  carried. 

It  is  observed  that  dew -is  most  abundant  in  a  clear  calm  night,  suc- 
ceeding a  hot  day:  under  these  circumstances  the  quantity  of  vapor  in 
the  air  is  usually  very  great,  and  at  the  same  time  radiation  proceeds  with 
most  facility.  At  such  times  a  thermometer  laid  on  the  ground  will,  after 
some  time,  indicate  a  temperature  of  5°,  8^,  or  even  10*'  below  that  of  the 
air  a  few  feet  higher.  Clouds  hinder  the  formation  of  dew  by  reflecting 
back  to  the  earth  the  heat  radiated  from  its  surface,  and  thus  preventing 
the  necessary  reduction  of  temperature ;  and  the  same  effect  is  produced 
by  a  screen  of  the  thinnest  material  stretched  at  a  little  height  above  the 
ground.  In  this  manner  gardeners  often  preserve  delicate  plants  from 
destruction  by  the  frosts  of  spring  and  autumn.  The  piercing  cold  felt 
just  before  and  at  sunrise,even  in  the  height  of  summer,  is  the  consequence 
of  this  refrigeration  having  reached  its  maximum. 

Wind  also  effectually  prevents  the  deposition  of  dew,  by  constantly 
renewing  the  air  lying  upon  the  earth  before  it  has  had  its  temperature 
sufficiently  reduced  to  cause  condensation  of  moisture. 

Many  curious  experiments  may  be  made  by  exposing  on  the  ground  at 
night  bodies  which  differ  in  their  powers  of  radiation.  If  a  piece  of  black 
cloth  and  a  plate  of  bright  metal  be  thus  treated,  the  former  will  be  often 
found  in  the  morning  covered  with  dew,  while  the  latter  remains  dry. 

Land  and  sea  breezes  are  certain  periodical  winds  common  to  most  sea- 
coasts  within  the  tropics,  but  by  no  means  confined  to  those  regions.  It 
is  observed  that  a  few  hours  after  sunrise  a  breeze  springs  up  at  sea,  and 
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blows  directly  on  shore,  and  that  its  intensity  increases  as  the  day 
advances,  and  declines  and  gradually  expires  near  sunset.  Shortly  after* 
wards  a  wind  arises  in  exactly  the  opposite  direction,  namely,  from  the 
land  towards  the  sea,  lasts  the  whole  of  the  night,  and  only  ceases  with 
the  reappearance  of  the  sun. 

It  is  easy  to  give  an  explanation  of  these  effects.  When  the  sun  aliines 
at  once  upon  the  surface  of  the  earth  and  that  of  the  sea,  the  two  become 
unequally  heated,  because  the  wat«r,  although  it  possesses  greater  power 
of  absorbing  heat,  is  yet  more  slowly  warmed,  in  consequence  of  its 
greater  capacity  for  heat,  and  the  greater  depth  to  which  the  rays  of  the 
sun  can  penetrate.  The  air  over  the  he&ted  surface  of  the  ground,  being 
expanded  by  heat,  rises,  and  has  its  place  supplied  by  colder  air  flowing 
from  the  sea,  producing  the  sea-breeie.  When  the  sun  sets,  both  sea  and 
land  begin  to  cool  by  radiation :  the  rate  of  cooling  of  the  latter  wilU  how> 
ever,  far  exceed  that  of  the  former,  and  it-s  temperature  will  rapidly  falL 
The  air  above  becoming  cooled  and  condensed,  flows  outwards  in  obedience 
to  the  laws  of  fluid  pressure,  and  displaces  the  warmer  air  of  the  ocean. 
In  this  manner,  by  an  interchange  of  air  between  sea  and  land,  the  others 
wise  oppressive  heat  is  moderated,  to  the  great  advantage  of  those  who 
inhabit  such  localities.  The  land  and  sea  breexes  extend  to  a  small  distance 
only  from  shore,  but  afl'ord,  notwithstanding,  essential  aid  to  coasting 
navigation,  since  vessels  on  either  tack  enjoy  a  fair  wind  daring  the 
greater  part  of  both  day  and  night. 

TRANSMISSION  OF  HEAT;  DIATHERMANCT. 

Bays  of  heat,  in  passing  through  air,  receive  scarcely  more  obstruction 
than  those  of  light  under  similar  circumstances;  but  with  other  trans- 
parent media  the  case  is  diff'erent.  If  a  parabolic  mirror  be  taken,  and 
its  axis  directed  towards  the  sun,  the  rays  both  of  heat  and  light  will  be 
reflected  to  the  focus,  which  will  exhibit  a  temperature  sufficiently  high 
to  fuse  a  piece  of  metal,  or  fire  a  combustible  body.  If  a  plate  of  glass  be 
now  placed  between  the  mirror  and  the  sun,  the  effect  will  be  perceptibly 
diminished. 

Now,  let  the  same  experiment  be  made  with  the  heat  of  a  kettle  filled 
with  boiling  water ;  the  heat  will  be  concentrated  by  reflection  as  before, 
but,  on  interposing  the  glass,  the  heating  effect  at  the  focus  will  be  reduced 
to  nothing.  Thus,  the  rays  of  heat  coming  from  the  sun  traverse  even 
glass  in  considerable  quantity,  but  not  so  easily  as  air,  whilst  rays  from 
hot  water  are  entirely  stopped  by  glass. 

In  the  year  1833,  M.  Melloni  published  the  first*  of  a  series  of  exceed- 
ingly valuable  researches  on  this  subject,  which  are  to  be  found  in  detail 
in  various  volumes  of  the  Annales  de  Chimie  et  de  Physique.*  It  will  be 
necessary,  in  the  first  instance,  to  describe  the  method  of  operation 
followed  by  this  philosopher. 

Not  long  before,  two  very  remarkable  facts  had  been  discovered :  Orsted, 
in  Copenhagen,  showed  that  a  current  of  electricity, 
however  produced,  exercises  a  singular  and  perfectly  fig.  fl8. 

definite  action  on  a  magnetic  needle;  and  Seebeck,  in    — »> 

Berlin,  found  that  an  electric  current  may  be  generated  ^^  . 

by  the  unequal  effects  of  heat  on  different  metals  in  con- 
tact. If  a  wire  conveying  an  electrical  current  be 
brought  near  a  magnetic  needle,  the  latter  will  imme- 
diately alter  its  position  and  assume  a  new  one  as  nearly 
perpendicular  to  the  wire  as  the  mode  of  suspension 
and  the  magnetism  of  the  earth  will  permit.  Y/hen  the 
wire,  for  example,  is  placed  directly  over  th^  needle 

*  Translated  alao  In  Taylor^s  **  Scientlflr  Memoln.'* 
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and  parallel  to  its  length,  wbile  tbe  current  it  carries  traTelsfrom  north  to 
south*  the  needle  is  deflected  from  its  ordinary  direction,  and  the  north 
pole  driTen  to  the  eastward.  lYhen  the  current  is  reversed,  the  same  pole 
deviates  to  an  equal  amount  towards  the  west  Placing  the  wire  below 
the  needle  instead  of  above,  produces  the  same  effect  as  reversing  the 
current. 

When  the  needle  is  subjected  to  the  action  of  two  currents  in  oppo- 
site directions,  the  one  above  and  the  other  below,  they  will  obviously 
concur  in  their  effects.  The  same  thing  happens  when  the  wire  carrying 
the  current  is  bent  upon  itself,  and  the  needle  placed  between  the  two  por- 
tions; and  since  eyery  time  the  bending  is  repeated,  a  fresh  portion  of  the 
current  is  made  to  act  in  the  same  manner  upon  the  needle,  it  is  easy  to 
see  how  a  current,  too  feeble  to  produce  any  effect  when  a  simple  straight 
wire  is  employed,  may  be  made  by  this  contrivance  to  exhibit  a  powerful 
action  on  the  magnet.  It  is  on  this  principle 
that  iustrumenta  oaUed  galvanometert,  galvano-  Fig.  99, 

scopes,  or  muU^liers^  are  constructed ;  they  serve 
not  only  to  indicate  the  existence  of  electrical 
currents,  but  to  show,  by  the  effects  upon  the 
needle,  the  direction  in  which  they  are  moving. 
The  delicacy  of  the  instrument  can  be  extraor- 
dinarily increased  by  the  use  of  a  very  long 
coil  of  wire  and  two  needles  of  equal  strength, 
and  witli  opposite  poles  coi^oined  (fig.  82).  These  needles  are  hung  by 
untwisted  silk,  one  between  the  coils  and  the  other  above  them,  so  that  the 
current  acts  in  the  same  direction  on  both.  The  thickness  of  the  wire  has 
some  influence  on  the  delicacy  of  the  instrument.  For  the  following 
experiments  it  should  not  be  less  than  ^  of  an  inch  thick. 

Where  two  pieces  of  different  metals,  qonnected  together  at  each  end, 
have  one  of  their  joints  more  heated  than  the  other,  an  electric  current  is 
immediately  set  up.  Of  all  the  metals  tried, 
bismuth  and  antimony  form  the  most  power- 
ful combination.  A  single  pair  of  bars  hav- 
ing one  of  their  junctions  heated  in  the  man* 
ner  shown  (fig.  70),  can  develop  a  current 
strong  enough  to  deflect  a  compass-needle 
placed  within ;  and,  by  arranging  a  number 
in  a  series  and  heating  their  alternate  ends, 
the  intensity  of  the  current  may  be  very 
much  increased.  Such  an  arrangement  is 
called  a  thermo-electric  pile.  Mellon!  con- 
structed a  very  small  thermo-electric  pile  of 

this  kind,  containing  fifty-five  slender  bars  of  bismuth  and  antimony,  laid  side 
by  side  and  soldered  together  at  their  alternate  ends,  as  shown  in  natural  size 
in  fig  71.  He  connected  this  pile  with  an  exceed- 
ingly delicate  multiplier,  and  found  himself  in 
the  possession  of  an  instrument  for  measuring 
small  variations  of  temperature,  far  surpassing 
in  delicacy  the  air-thermometer  in  its  most  sen- 
sitive form,  and  having  great  advantages  in 
other  respects  over  that  instrument  when  em- 
ployed for  the  purposes  to  which  he  devoted  it. 

The  substances  whose  powers  of  transmission 
were  to  be  examined  were  cut  into  plates  of  a 
determinate  thickness,  and,  after  being  well 
polished,  arranged  in  succession  in  front  of  the 
little  pile,>the  extremity  of  which  was  blackened 


Fig.  70. 


Fig.  71. 
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to  promote  the  absarption  of  the  rays.  A  perforated  Foreen,  the  mrea  of 
whose  aperture  equalled  that  of  the  face  of  the  pile,  was  placed  between 
the  source  of  heat  and  the  body  under  trial,  while  a  second  screen  serTed 
to  intercept  all  radiation  until  the  moment  of  tiie  experiment. 

After  much  preliminary  labor,  for  the  purpose  of  testing  the  capabilities 
of  the  apparatus  and  the  value  of  its  indications,  an  extended  series  of 

fig,  72. 


researches  was  undertaken  and  carried  on  during  a  long  period  with  great 
success ;  some  of  the  most  curious  results  are  given  in  the  annexed  table. 
Four  different  sources  of  heat  were  employed  in  these  experiments, 
differing  in  their  nature  and  in  their  degrees  of  intensity :  the  naked  flame 
of  an  oil-lamp;  a  coil  of  platinum  wire  heated  to  redness;  blackened  cop< 
per  at  390^;  and  the  same  heated  to  100^. 


Substances. 
(TbickiiMB  of  plate  0-1  inch,  nearly.) 


TnuumiiMiion  of  100  rayi 
of  h«Ht  fW>ni 


Rock-salt,  transparent  and  colorless 
Fluor-spar,  colorless 
Rock-salt,  muddy 

Beryl       

Fluor-spar,  greenish   . 
Iceland  spar    .... 
Plate- glass  .... 
Rock-crystal  .... 
Rock-crystal,  brown   . 
Tourmaline,  dark-green  . 
Citric  acid,  transparent 
Alum,  transparent . 
Sugar-candy 

Fluor-spar,  green,  translucent 
Ice,  pure  and  transparent  . 


92 

78 

65 

64 

46 

39 

39 

S8 

37 

18 

11 

9 

8 

8 

6 


"SI 


92 

69 

65 

23 

38 

28 

24 

28 

28 

16 

2 

2 

0 

6 

0 


CO 


92 

42 

65 

13 

24 

6 

6 

6 

6 

8 

0 

0 

0 

4 

0 


a— 

6^ 


92 

83 

65 

0 

20 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 


On  examining  this  remarkable  tabic,  which  is  an  abstract  of  one  much 
more  extensive,  the  first  thing  that  strikes  the  eye  is  the  want  of  connection 
between  the  power  of  transmitting  heat  and  that  of  transmitting  light. 
Taking,  for  insiAnce,  the  oil-lamp  as  the  source  of  heat:  out  of  the  quan- 
tity of  heat  represented  by  100  rays  falling  upon  the  pile,  the  proportion 
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transmitted  by  similar  plates  of  rook-salt,  glass,  and  alum,  maybe  expressed 
by  the  numbers,  U'J,  39,  and  9;  and  yet  these  bodies  are  equally  trans- 
parent with  respect  to  light.  Generally  speaking,  oolor  was  found  to 
interfere  with  the  transmissiye  power,  but  to  a  ^ery  unequal  extent:  thus, 
in  fluor-spar,  colorless,  greenish,  and  deep  green,  the  quantities  transmitted 
were  78,  46,  and  8,  while  the  difference  between  colorless  and  brown  rock- 
crystal  was  only  1.  Bodies  absolutely  opaque,  as  wood,  metals,  and  black 
marble,  stopped  the  rays  completely,  although  it  was  found  that  the  faculty 
of  transmission  was  possessed,  to  a  certain  extent,  by  some  which  were 
nearly  in  that  condition,  as  thick  plates  of  brown  quartz,  black  mioa,  and 
black  glaiis. 

A  great  difference  is  noticed  in  heat-rays  derived  from  different  sources. 
Out  of  100  rays  from  each  source  which  fell  on  rock-salt,  the  same  pro^ 
portion  was  always  transmitted  whether  the  rays  proceeded  from  the  in- 
tensely heated  flame,  the  red-hot  platinum  wire,  or  the  copper  at  890°  or 
lOO'^;  but  this  is  true  of  no  other  substanoe  in  the  list.  In  the  case  of 
plate-glass,  we  have  the  numbers  89,  24,  6,  and  0  as  representatires  of  the 
comparatiTe  quantities  of  heat  transmitted  through  the  plate  from  each 
source ;  or  in  three  Tarieties  of  fluor-spar,  as  in  the  following  statement : 


Flame. 

BwlhMt. 

aooo. 

lOOO, 

Colorless 

.    78 

69 

42 

88 

Greenish    . 

46 

88 

24 

20 

Dark  green 

.      8 

6 

4 

8 

One  substance,  beryl,  out  of  100  rays  from  the  intensely  heated  source, 
suffers  54  to  pass;  and  out  of  the  same  number  (that  is,  an  equal  quantity 
of  beat)  from  metal  at  100°  none  at  all;  whilst  another  substance,  fluor- 
spar, transmits  rays  from  the  two  sources  mentioned  in  the  proportion  of 
8  to  3. 

TheB«,  and  many  other  curious  phenomena,  are  fully  and  completely  ex- 
plained on  the  supposition,  that  among  the  invisible  rays  of  heat  differences 
are  to  be  found  exactly  analogous  to  those  differences  between  rays  of  light 
which  we  are  nccustomed  to  call  colors.  Rock-salt  and  air  are  the  only  sub- 
stances yet  known  which  are  truly  dtathermanotu,  or  equally  transparent  to 
all  kinds  of  heat-rays:  they  are  to  the  latter  what  white  glass  or  water  is 
to  light ;  they  suffer  rays  of  every  description  to  pass  with  equal  facility. 
All  other  bodies  act  like  colored  glasses,  absorbing  certain  rays  more  abund- 
antly than  the  rest,  and  coloring^  as  it  were,  the  heat  which  passes  through 
them. 

These  heat-tints  have  no  direct  relation  to  ordinary  colors;  their  exist- 
ence is,  nevertheless,  almost  tfS  clearly  made  out  as  that  of  the  colored 
rays  of  the  spectrum.  Bodies  at  a  comparatively  low  temperature  emit 
rays  of  such  a  tint  only  as  to  be  transmissible  by  a  few  substances:  as  the 
temperature  rises,  rays  of  other  heat-colors  begin  to  make  their  appearance, 
and  transmission  of  some  portion  of  these  rays  takes  place  through  a  great 
namber  of  bodies;  while  at  the  temperature  of  intense  ignition  we  find 
rays  of  all  colors  thrown  out,  some  of  which  will  certainly  find  their  way 
through  a  great  variety  of  substances.  The  kind  of  rays  emitted  by  dif- 
ferent bodies  of  the  same  temperature  is  by  no  means  the  same,  but  seems 
materially  to  depend  on  the  nature  of  the  radiating  body.  When  a  bundle 
of  heterogeneous  rays  passes  through  a  medium,  those  of  one  kind  are 
powerfully  absorbed,  while  those  of  another  are  not  affected.  By  their 
transmission  through  the  body  the  rays  have  undergone  a  sifting ;  if  now 
these  sifted  rays  be  passed  through  a  second  plate  of  the  same  medium,  a 
much  smaller  proportional  loss  will  occur  than  in  the  case  of  the  first  plate, 
because  the  rays  which  the  medium  readily  takes  up  are  mostly  wanting. 
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while  those  which  easily  pass  through  the  body  in  qaestion  are  present  in 
more  notable  quantity.  The  same  thing  happens  when  a  number  of  plates 
are  interposed;  tlie  rays  after  traTersing  one  plate  are  but  little  inter- 
rupted  by  others  of  a  similar  nature. 

By  cutting  rock-salt  into  prisms  and  lenses,  it  is  easy  to  show  that 
radiated  heat  may  be  refracted  like  ordinary  light,  and  its  beams  made  to 
converge  or  diverge  at  pleasure;  and,  lastly,  to  complete  the  analogy,  it 
has  been  shown  to  manifest  the  phenomena  of  interference,  and  to  be 
susceptible  of  polarization  by  transmission  through  plates  of  doable>re- 
fVaoting  minerals,  in  the  manner  as  light  itself. 

The  absorptive  power  of  gases  and  vapors  for  rays  of  heat  by  which 
they  are  traversed  had  long  been  neglected;  and  it  is  only  recently  that 
we  have  become  indebted  to  Professor  Tyndall  and  Professor  Magnus  for 
some  researches  upon  this  subject.  The  absorptive  power  of  perfectly  dry 
air,  of  oxygen,  nitrogen,  and  hydrogen  in  the  state  of  purity  is  very  small; 
the  absorptive  power  of  compound  gases  and  vapors,  e.  g.  of  water-vapor, 
carbonic  oxide,  carbonic  acid,  and  more  especially  of  olefiant  gas,  ammonia, 
and  the  vapors  of  volatile  oils,  is  much  greater.  The  following  table  giv'es, 
according  to  Tyndall,  the  relative  absorptive  powers  of  different  gases  for 
dark  rays  of  heat  emanating  from  copper  at  270^,  when  the  gases  are  ex- 
amined under  a  pressure  of  one  atmosphere: — 


Atmospheric  air  .        • 

.       1 

Carbon  dioxide     . 

.    90 

Oxygen     . 

1 

Nitrogen  monoxide  . 

.       855 

Nitrogen 

1 

Hydrogen  sulphite 

.  390 

Hydrogen 

1 

Marsh  gas 

.       403 

Chlorine 

.     89 

Sulphurous  oxide 

.  710 

Hydrochloric  acid    . 

62 

defiant  gas 

.       970 

Carbon  monoxide 

.     90 

Ammonia 

1195 

The  absorptive  power  of  a  gas  increases  with  an  increases  of  the  density, 
but  is,  in  the  case  of  gases  endowed  with  a  high  absorptive  power,  by  no 
means  proportionate  to  the  density. 

Rays  of  heat  of  the  above  description  are  not  capable  of  passing  through 
a  tube  3  feet  long  filled  with  ammonia  of  the  ordinary  pressure  of  the  at- 
mosphere; such  a  layer  of  ammonia,  though  quite  colorless  and  transparent 
to  light,  is  perfecMy  impermeable  (it  might  be  said  black)  to  heat.  The 
element  chlorine,  though  colored  and  less  transparent  to  light,  allows  the 
rays  of  heat  to  pass  more  freely  than  the  compound  hydrochloric  acid, 
which  is  colorless  and  more  transparent  to  light.  These  examples  show 
that  the  absorptive  power  of  gases  for  rays  of  heat  is  perfectly  independent 
of  that  for  rays  of  light. 

From  Tyndairs  experiments  it  appears  also  that  vapor  of  water,  weight 
for  weight,  transcends  all  other  gases  in  heat-absorbing  power;  so  much, 
indeed,  that  the  aqueous  vapor  in  the  air,  though  not  amounting  on  the 
average  to  more  than  0'46  per  cent,  of  the  whole,  exerts  an  absorptive 
action  on  heat-rays  many  times  greater  than  the  air  through  which  it  is 
diffused.  This  great  absorbing  power  of  water-vapor  has  a  powerful  effect 
in  checking  the  cooling  down  of  the  earth's  surface  by  radiation ;  and  it 
is  in  great  part  from  this  cause  that  in  moist  climates,  like  that  of  Eng- 
land, the  range  of  temperature  between  night  and  day,  and  between  summer 
and  winter,  is  so  much  less  than  in  drier  climates  under  the  same  latitude. 

It  has  been  established  by  experiment,  and  likewise  theoretically  de- 
monstrated by  Kirchhoff,  that  of  two  bodies,  the  one  which  has  the  greater 
power  of  absorbing  rays  of  heat,  possesses  also  the  greater  power  of 
radiating  them,  and  that  the  law  mentioned  on  page  92,  according  to 
which  the  power  of  absorbing  heat  is  in  direct  proportion  to  the  power  of 
emission,  holds  good  also  for  gases. 
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i  PARTICULAK  species  of  iron  ore  has  long  been  remarkable  for  its  prop- 
S\_  erty  of  attracting  small  pieces  of  iron,  and  causing  them  to  adhere 
to  its  surface;  it  is  called  loadstone,  or  magnetic  iron  ore. 

If  a  piece  of  this  loadstone  be  carefully  examined,  it  will  be  found  that 
the  attractive  force  for  particles  of  iron  is  greatest  at  certain  particular 
points  of  it«  surface,  while  elsewhere  it  is  much  diminished  or  even  alto- 
gether absent.  These  attractive  points  are  denominated  poles,  and  the 
loadstone  itself  is  said  to  be  endowed  with  magnetic  polarity. 

If  one  of  the  pole-surfaces  of  a  natural  loadstone  be  rubbed  in  a  partic- 
ular manaer  over  a  bar  of  steel,  its  characteristic  properties  will  be  com- 
municated to  the  bar,  which  will  then  be  found  to  attract  iron-filings  like  the 
loadstone  itself.  Further,  the  attractice  force  will  appear  to  be  greatest  at 
two  points  situated  very  near  the  extremities  of  the  bar,  and  least  of  all 
towards  the  middle.  The  bar  of  steel  so  treated  is  said  to  be  magnetized, 
or  to  constitute  an  artificial  magnet. 

When  a  magnetized  bar  or  natural  magnet  is  suspended  at  its  centre  in 
any  eonyenient  manner,  so  as  to  be  free  to  more  in  a  horizontal  plane,  it  is 
always  found  to  assume  a  particular  direction  with  regard  to  the  earth,  one 
end  pointing  nearly  north  and  the  other  nearly  south.     If  the  bar  be  moved 
from  this  position,  it  will  tend  to  reassume  it,  and,  after  a  few  oscillations, 
settle  at  rest  as  before.     The  pole  which  points  towards  the  astronomical 
north  is  usually  distinguished  as  the  north  pole  of  the  bar,  and  that  which 
points  southward,  as  the  south  pole.     A.  suspended  magnet,  either  natural 
or  artificial,  of  symmetrical  form,  serves  to  exhibit  certain  phenomena  of 
attraction  and  repulsion  in  the  presence  of  a  second  magnet,  which  de- 
serve particular  attention.     When  a  north  pole   is  presented  to  a  south 
pole,  or  a  south  pole  to  a  north,  attraction  ensues  between  them;  the  ends 
of  the  bars  approach  each  other,  and,  if  permitted,  adhere  with  considerable 
force;  when,  on  the  other  hand,  a  north  pole  is  brought  near  a  second 
north  pole,  or  a  s  >uth  pole  near  another  south  pole,  mutual  repulsion  is  ob- 
served, and  the  ends  of  the  bars  recede  from  each  other  as  far  as  possible. 
Folei  of  aa  opposite  name  attract,  and  of  a  nmilar  name  repel  each  other.     Thus, 
a  9mall   bar  or  needle  of  steel,  properly  magnetized  and  suspended,  and 
halving  it«  poles  marked,  becomes  an  instrument  fitted  not  only  to  discover 
the  existence  of  magnetic  power  in  other  bodies,  but  to  estimate  the  kind 
of  polarity  affected  by  their  different  parts. 

A  piece  of  soft  iron  brought  into  the  neighborhood  of  a  magnet  acquires 
itself  magnetic  properties:  the  intensity  of  the  power  thus  conferred  de- 
pends upon  that  of  the  magnet  and  upon  the  interval  which  divides  the 
two,  becoming  greater  as  that  interval  decreases,  and  greatest  of  all  when 
io  actual  contact.  The  iron,  under  these  circumstances,  is  said  to  be  mag- 
netized by  induction  or  influence,  and  the  effect,  which  in  an  instant 
reaches  its  maximum,  is  at  once  destroyed  by  removing  the  magnet. 

When  steel  is  substituted  for  iron  in  this  experiment,  the  inductive  action 
is  hardly  perceptible  at  first,  and  only  becomes  manifest  after  the  lapse  of 
s  certain  time :  in  this  condition,  when  the  steel  bar  is  removed  from  the 
magnet,  it  retains  a  portion  of  the  Induced  polarity.     It  becomes,  indeed. 
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a  permanent,  magnet,  similar  to  the  first,  and  retains  its  peculiar  propertiet 
for  an  indefinite  period. 

A  particular  name  is  given  to  this  resistance  which  steel  always  offers  in 
a  greater  or  less  degree  both  to  the  development  of  magnetism  and  its  sub- 
sequent destruction;  it  is  called  specific  coercive  power. 

The  rule  which  regulates  the  induction  of  magnetic  polarity  in  all  cares 
is  exceedingly  simple,  and  most  important  to  be  remembered.  The  p<»ie 
produced  is  always  of  the  opposite  name  to  that  which  produced  it.  a 

north  pole  developing  south  polariij. 
and  a  south  pole  north  polarity.  Tbe 
north  pole  of  the  magnet  figured  in  tie 
sketch  induces  south  polarity  in  all  tbe 
nearer  extremities  of  the  pieces  of  iron 
or  Heel  which  surround  it,  and  a  stne 
similar  to  its  own  in  all  the  more  remote 
extremities.  The  iron  thus  magnetixed 
is  capable  of  exerting  a  similar  indtie- 
tive  action  on  a  second  piece,  and  thtt 
upon  a  third,  and  so  to  a  great  number, 
the  intensity  of  the  force  diminishing 
as  the  distance  from  the  permaneoi 
magnet  increases.  It  is  in  this  wsj 
that  a  magnet  is  enabled  to  hold  op  a 
number  of  small  pieces  of  iron,  or  a 
bunch  of  filings,  each  separate  piece 
becoming  a  magnet  for  the  time  by  in- 
duction. 

Magnetic  polarity,  similar  in  degree  to  that  which  iron  presents,  has 
been  fbund  only  in  some  of  the  compounds  of  iron,  in  nickel  and  in  cobalt. 
Magnetic  attractions  and  repulsions  are  not  in  the  slightest  degree  inier- 
fered  with  by  the  interposition  of  substances  destitute  of  magnetic  proper- 
ties. Thick  plates  of  glass,  shellac,  metals,  wood,  or  of  any  substances 
except  those  above  mentioned,  may  be  placed  between  a  magnet  and  a  sus- 
pended needle,  or  a  piece  of  iron  under  its  influence,  the  distance  being 
preserved,  without  the  least  perceptible  alteration  in  its  attractive  power, 
or  force  of  induction. 

One  kind  of  polarity  cannot  be  exhibited  without  the  other.  In  other 
words,  a  magnetic  pole  cannot  be  insulated.  If  a  magnetised  bar  of  steel 
be  broken  at  its  neutral  point,  or  in  the  middle,  each  of  the  broken  ends 
acquires  an  opposite  pole,  so  that  both  portions  of  the  bar  become  perfect 
magnets;  and,  if  the  division  be  carried  still  further,  if  the  bar  be  broken 
into  a  hundred  pieces,  each  fragment  will  foe  a  complete  magnet,  having 
its  own  north  and  south  poles. 

This  experiment  serves  to  show  very  clearly  that  the  apparent  polarity 
of  the  bar  is  the  consequence  of  the  polarity  of  each  individual  particle, 
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the  poles  of  the  bar  being  merely  points  through  which  the  resultants  of 
all  these  forces  pass;  the  largest. magnet  is  made  up  of  an  immense  number 
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of  little  magnets  regulnrly  arntnged  side  by  side,  all  having  their  north 
poles  looking  one  way,  and  their  south  poles  the  other.  .The  middle  portion 
of  such  a  system  cannot  possibly  exhibit  attractive  or  repulsive  effects  on 
sn  external  body,  because  each  pole  is  in  close  juxtaposition  with  one  of 
an  opposite  name  and  of  equ:il  power;  hence  their  forces  will  be  exerted 
in  opposite  directions  and  neutralize  each  other's  influence.  Such  will  not 
be  the  case  at  the  extremities  of  the  bar ;  there  uncompensated  polarity 
will  be  found  capable  of  exerting  it«  specific  powor. 

This  idea  of  regular  polarization  of  particles  of  matter  in  virtue  of  a 
pair  of  opposite  and  equal  forces,  is  not  confined  to  magnetic  phenomena; 
it  is  the  leading  principle  in  electrical  science,  and  is  constantly  reproduced 
in  some  form  or  other  in  every  discussion  involving  the  consideration  of 
molecular  forces. 

Artificial  steel  magnets  are  made  in  a  great  variety  of  forms;  such  as 
small  light  needles,  mounted  with  an  agate  cap  for  suspension  upon  a  fine 
point;  straight  bars  of  various  kiudn;  bars  curved  into  the  shape  of  a 
horse-shoe,  &c.  All  these  have  regular  polarity  communicated  to  them  by 
C'rCain  processes  of  rubbing  or  touching  with  another  magnet,  which  re- 
quire care,  but  are  not  otherwise  difficult  of  execution.  When  great  power 
is  wished  for,  a  number  of  bars  may  be  screwed  together,  with  their  similar 
ends  in  contact,  and  in  this  way  it  is  easy  to  construct  permanent  steel 
magnets  capable  of  sustaining  great  weights.  To  prevent  the  gradual 
destruction  of  magnetic  force,  which  would  otherwise  occur,  it  is  usual  to 
arm  each  pole  with  a  piece  of  soft  iron  or  keeper,  which,  becoming  mag- 
netized by  induction,  serves  to  sustain  the  polarity  of  the  bar,  and  in  some 
cases  even  increases  ils  energy. 

The  direction  spontaneously  assumed  by  a  suspended  needle  indicates 
that  the  earth  itself  has  the  properties  of  an  enormous  magnet,  whose  ^ 
south  magnetic  force  is  concentrated  in  the  northern  hemisphere.  A  line 
joining  the  two  poles  of  such  a  needle  or  bar  indicates  the  direction  of  the 
so-called  mc^nttie  meridian  of  the  place,  which  is  a  vertical  plane  coincident 
with  the  direction  of  the  needle. 

The  magnetic  meridian  of  a  place  is  not  usually  coincident  with  its  geo- 
graphical meridian,  but  makes  with  the  latter  a  certain  single  called  the 
declination  of  the  needle. 

The  amount  of  the  declination  of  the  needle  from  the  true  north  and 
south  not  only  varies  at  different  places,  but  in  the  same  place  is  subject 
to  daily,  yearly,  and  secular  fluctuations,  which  are  called  the  variations 
of  declination.     Thus,  at  the  commencement  of  the  17th  century,  the  de- 
clination, in  London,  was  eastward;  in  1660  it  was  0;  that  is,  the  needle 
pointed  due  north  and  south.     Afterwards  it  became  westerly,  slowly  in- 
creasing until  the  year  1818,  when  it  reached  24°  30^,  since  which  time  it 
has  been  slowly  diminishing,  and,  in  the  present  year  (1868)  it  is  20°  10^. 
Of  late  the  march  of  the  daily  variations  of  declination  has  been  care- 
fully compared  with  the  positions  of  the  sun  as  well  as  the  moon  at  the 
corresponding  period.     This  inquiry,  suggested  by  General  Sabine,  and 
carried  on  for  a  number  of  years  in  several  localities,  has  led  to  the  re- 
markable result  that  these  celestial  bodies  exert  a  definite  influence  upon 
the  magnetic  needle,  and  must  therefore  be  considered  as  magnets,  like  the 
earth  itself. 

If  a  steel  bar  be  support^^d  on  a  horizontal  axis  passing  exactly  through 
its  centre  of  gravity,  it  will  of  course  remain  equally  balanced  in  any 
position  in  which  it  may  happen  to  be  placed ;  if  the  bar  so  adjusted  be 
tiien  magnetized,  it  will  be  found  to  take  a  permanent  direction,  the  north 
pole  being  downwards,  and  the  bar  making,  in  London,  an  angle  of  about 
t^^  with  a  horizontal  plane  passing  through  the  axis.  This  is  called  the 
<i^  or  inclination  of  the  needle,  and  shows  the  direction  in  which  the  force 

10 
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of  terrestrial  magnetisixi  is  most  energetically  exerted.  The  amount  of  thi« 
dip  is  different  in  different  latitudes.  Near  the  equator  it  in  very  small, 
the  needle  remaining  nearly  or  quite  horizontal;  as  the  latitude  increases, 
the  (lip  becomes  more  decided ;  and  over  the  magnetic  pole  the  bar  becomes 
completely  yertical.  Such  a  situation  is,  in  fact,  to  be  found  in  the  northern 
hemisphere,  considerably  south  of  the  geographical  pole,  on  the  west  coast 
of  Boothia  Felix,  lat.  70°  W  N.  and  long  96®  46'  W.  ;  the  dipping-needle 
hns  here  been  seen  to  point  directly  downwards,  while  the  horizontal  or 
compass-needle  ceased  to  traverse.  In  the  southern  hemisphere  it  is  the 
south  pole  which  dips.  The  position  of  the  south  magnetic  pole  has  been 
determined  by  the  obsenrations  of  Captain  James  Ross  to  be  about  lat. 
73°  8.  and  long.  180«  E. 

By  observing  a  great  number  of  points  near  the  equator  in  which  the 
dip  becomes  reduced  to  nothing,  a  line,  cutting  the  equator  in  two  points, 
may  be  traced  around  the  earth,  called  the  magnetic  equator,  and  on  both 
sides,  a  number  of  smaller  closed  curves  called  lines  of  equal  dip.  These 
lines  present  great  irregularities  when  compared  with  the  equator  itself 
and  the  parallels  of  latitude,  the  magnetic  equator  deviating  from  the  ter- 
restrial one  as  much  as  12°  at  its  point  of  greatest  divergence.  Like  the 
horizontal  declination,  the  dip  is  also  subject  to  change  at  the  same  place. 
Observations  have  not  yet  been  made  during  sufficient  time  to  determine 
accurately  the  law  and  rate  of  alteration,  and  great  practical  diflSculties 
exist  also  in  the  construction  of  the  instruments.  In  the  year  1778,  it  was 
about  72°:  in  London  at  the  present  time  it  is  67°  67^ 

The  inductive  power  of  the  magnetism  of  the  earth  may  be  shown  by 
holding  in  a  vertical  position  a  bar  of  very  soft  iron ;  the  lower  end  will 
be  found  to  possess  north  polarity,  and  the  upper,  the  contrary  state.  On 
reversing  the  bar,  the  poles  are  also  reversed.  All  masses  of  iron  what- 
ever, when  examined  by  a  suspended  needle,  will  be  found  in  a  state  of 
magnetic  polarity  by  the  influence  of  the  earth ;  iron  columns,  tools  in  a 
smith's  shop,  flre-irons,  and  other  like  objects,  are  all  usually  magnetic, 
and  those  made  of  steel  permanently  so.  On  board  ship,  the  presence  of 
80  many  large  masses  of  iron  —  guns,  anchors,  water-tanks,  &o.,  —  thus 
polarized  by  the  earth,  causes  a  derangement  of  the  compass-needles  to  a 
very  dangerous  extent :  happily  a  plan  has  been  devised  for  determining 
the  amount  of  this  local  attraction  in  different  positions  of  the  ship,  ana 
making  suitable  corrections. 

The  mariner's  compass,  which  is  nothing  more  than  a  suspended  needle 
attached  to  a  circular  card  marked  with  the  points,  was  not  in  general  use 
in  Europe  before  the  year  1800,  although  the  Cliinese  have  had  it  fk*om  very 
early  antiquity.  Its  value  to  the  navigator  is  now  very  much  increased  by 
correct  observations  of  the  exact  amount  of  the  declination  in  various 
parts  of  the  world. 

Probably  every  substance  in  the  world  contributes  something  to  the 
magnetic  action  of  the  earth ;  for  according  to  the  latest  discoveries  of 
Faraday,  magnetism  is  not  peculiar  to  those  substances  which  have  more 
especially  been  called  magnetic,  such  as  iron,  nickel,  cobalt;  but  it  is  the 
property  of  all  metals,  though  to  a  much  smaller  degree.  Very  powerful 
magnets  are  required  to  show  this  remarkable  fact.  Large  horse-shoe 
magnets,  made  by  the  action  of  the  electric  current,  are  most  proper.  The 
magnetic  action  on  different  substances  which  are  capable  of  being  easily 
moved,  differs  not  only  according  to  the  size,  but  also  according  to  the  na- 
ture of  the  substance.  In  consequence  of  this,  Faraday  divides  all  bodies 
into  two  classes.  He  calls  the  one  magnetic,  or,  better,  pftramoffnetie,  and 
the  other  diamagnetic. 

The  matter  of  which  a  paramagnetic  (magnetic)  body  consists  is  attracted 
by  both  poles  of  the  horse-shoe  magnet;  on  the  contrary,  the  matter  of  a 


MAQNSTI31C.  Ill 

diamAgnetic  bodj  in  repelled.  When  a  small  iron  bar  is  hung  by  untwisted 
silk  between  the  poles  of  the  magnet,  so  that  its  long  diameter  can  easily 
more  in  a  horisontal  plane,  it  arranges  itself  axially,  that  is,  parallel  to  the 
straight  line  which  joins  the  poles,  or  to  the  magnetic  axis  of  the  poles; 
assuming  at  the  end  which  is  nearest  the  north  pole,  a  south  pole,  and  at 
the  end  nearest  the  south  pole,  a  north  pole.  Whenever  the  little  bar  is 
remoTed  from  tlus  position,  after  a  few  oscillations,  it  returns  again  to  its 
previaus  position.  The  whole  class  of  paramagnetic  bodies  behave  in  a 
precisely  similar  way  under  similar  circumstances ;  but  in  the  intensity  of 
the  effects  great  differences  occur. 

Diamagnetic  bodies,  on  the  contrary,  have  their  long  diameters  placed 
equatorially,  that  is,  at  right  angles  to  the  magnetic  axis.  They  behave, 
as  if  at  the  end  opposite  to  each  pole  of  the  magnet  the  same  kind  of  po- 
larity existed. 

In  the  first  class  of  substances,  besides  iron,  which  is  the  best  represen- 
tative of  the  class,  we  have  nickel,  cobalt,  manganese,  chromium,  cerium, 
titanium,  palladium,  platinum,  osmium,  aluminium,  oxygen,  and  also  most 
of  the  compounds  of  these  bodies;  most  of  them,  even  when  in  solution. 
According  to  Faraday,  the  following  substances  are  also  feebly  paramag- 
netic (magnetic) :  paper,  sealing-wax,  Indian-ink,  porcelain,  asbestos, 
fluor-spar,  minium,  cinnabar,  binoxide  of  lead,  sulphate  of  zinc,  tourma- 
line, graphite,  and  charcoal. 

In  the  second  class  are  placed  bismuth,  antimony,  zinc,  tin,  cadmium, 
sodium,  mercury,  lead,  silver,  copper,  gold,  arsenic,  uranium,  rhodium, 
iridium,  tungsten,  phosphorus,  iodine,  sulphur,  chlorine,  hydrogen,  and 
many  of  their  compounds.  Also,,  glass  free  from  iron,  water,  alcohol, 
ether,  nitric  acid,  hydrochloric  acid,  resin,  wax,  olive  oil,  oil  of  turpentine, 
caoutchouc,  sugar,  starch,  gum,  and  wood.     These  are  diamagnetic. 

If  diamagnetic  and  paramagnetic  bodies  are  combined,  their  peculiar 
properties  are  destroyed.  In  most  of  these  compounds,  occasionally,  in 
consequence  of  the  presence  of  the  smallest  quantity  of  iron,  the  peculiar 
magnetic  power  remains  more  or  less  in  excess.  Thus  green  bottle-glass 
and  many  varieties  of  crown  glass  are  magnetic  in  consequence  of  the  iron 
they  contain. 

In  order  to  examine  the  magnetic  properties  of  fluids,  they  are  placed  in 
very  thin  glass  tubes,  the  ends  of  which  are  then  closed  by  melting ;  they 
are  then  hung  horizontally  between  the  poles  of  the  magnet.  Under  the 
influence  of  poles  suflEiciently  powerful,  they  begin  to  swing,  and  according 
as  the  fluid  oonteDt»  are  paramagnetic  (magnetic)  or  diamagnetic,  they 
assume  an  axial  or  equatorial  position. 

Faraday  has  tried  the  magnetic  condition  of  gases  in  different  ways. 
One  method  consisted  in  making  soap-bubbles  with  the  gas  w^ich  he 
wished  to  investigate,  and  bringing  these  near  the  poles.  Soap  and  water 
alone  is  feebly  diamagnetic.  A  bubble  filled  with  oxygen  was  strongly 
attracted  by  the  magnet.  All  other  gases  in  the  air  are  diamagnetic,  that 
is,  they  are  repelled.  But,  as  Faraday  has  shown,  in  a  different  way,  this 
partly  arises  from  the  paramagnetic  (magnetic)  property  of  the  air.  Thus 
be  found  that  nitrogen,  when  this  differential  action  was  eliminated,  was 
perfectly  indifferent,  whether  it  was  condensed  or  rarefied,  whether  cooled 
or  heated.  When  the  temperature  is  raised,  the  diamagnetic  property  of 
gases  in  the  air  is  increased.  Hence  the  flame  of  a  candle  or  of  hydrogen 
is  strongly  repelled  by  the  magnet  Even  warm  air  is  diamagnetic  in  cold 
air. 

For  some  time  it  had  been  believed  that  bodies  in  a  crystalline  form  had 
a  special  and  peculiar  behavior  when  placed  between  the  poles  of  a  mag- 
net. It  appeared  as  though  the  magnetic  directing  power  of  the  crystal 
had  some  peculiar  relation  to  the  position  of  its  optic  axis ;  so  that,  inde- 
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pendently  of  the  magnetic  property  of  the  substance  of  the  crystal,  if  the 
crystal  was  positively  optical,  it  possessed  the  power  of  placing  its  optic 
axis  parallel  with  the  line  which  joined  the  poles  of  the  magnet,  while 
optically  negative  crystals  tried  to  arrange  their  axis  at  right  angles  to 
this  line.  This  supposition  is  disproved  by  the  excellent  investigation  of 
Tyndall  and  Knoblauch,  who  showed  that  exceptions  to  the  above  law  are 
furnished  by  all  classes  of  crystals,  and  proved  that  the  action,  instead  of 
being  independent  of  the  magnetic  nature  of  the  mass,  was  completely  re- 
versed where,  in  isomorphous  cryst^ils,  a  magnetic  constituent  was  aobsti- 
tuted  for  a  diamagnetic  one.  Rejecting  the  various  new  forces  assumed, 
Tyndall  and  Knoblauch  referred  the  observed  phenomena  to  the  modifi- 
cation of  the  magnetic  force  by  structure,  and  they  imitated  the  effects 
exactly,  by  means  of  substances  whose  structure  had  been  modified  by 
compression.  In  a  later  investigation,  Tyndall  demonstrated  the  funda- 
mental principle  on  which  these  phenomena  depend,  showing  that  the  entire 
mtus  of  a  magnetic  body  is  most  strongly  attracted  when  the  attracting 
force  acts  parallel  to  the  line  of  compression ;  and  that  a  diamagnetic  sub- 
stance is  most  strongly  repelled  when  the  repulsion  acts  along  the  same 
line.  Hence  when  such  a  body  is  freely  suspended  in  the  magnetic  field, 
the  line  of  compression  must  set  axial  or  equatorial,  according  as  the  mass 
is  magnetic  or  diamagnetic.  Faraday  was  the  first  to  establish  a  differen- 
tial action  of  this  kind  in  the  case  of  bismuth ;  Tyndall  extended  it  to 
several  magnetic  and  diamagnetic  crystals,  and  showed  that  it  was  not 
confined  to  them,  but  was  a  general  property  of  matter.  It  was  also 
proved  that  for  a  fixed  distance  the  attraction  of  a  magnetic  sphere,  and 
the  repulsion  of  a  diamagnetic  sphere,  followed  precisely  the  same  law, 
both  being  exactly  proportioned  to  the  square  of  the  exciting  current. 

The  phenomena  of  diamagnetism  naturally  suggest  the  inquiry,  whether 
the  repulsion  exerted  by  a  magnetic  pole  on  diamagnetic  bodies  is  a  force 
distinct  from  that  of  magnetism  as  exerted  upon  iron  and  other  bodies  of 
the  magnetic  class ;  or  whether,  on  the  other  hand,  the  magnetic  and  dia- 
magnetic conditions  of  matter  are  merely  relative,  so  that  all  bodies  are 
magnetic  in  different  degrees,  and  the  apparent  repulsion  of  a  diamagnetic 
body,  such  as  bismuth,  is  merely  the  result  of  its  being  attracted  by  the 
magnet  less  than  tiie  particles  of  the  surrounding  medium,  just  as  a  balloon 
recedes  from  the  earth  because  its  weight  is  less  than  that  of  an  equal  bulk 
of  the  surrounding  air.  It  is  easy  to  show  that  the  same  body  may  appear 
magnetic  or  diamagnetic,  according  to  the  medium  in  which  it  is  placed. 
Ferrous  sulphate  is  a  magnetic  substance,  and  water  is  diamagnetic :  hence 
it  is  possible,  by  varying  the  strength  of  an  aqueous  solution  of  this  salt, 
to  make  it  either  magnetic,  indifferent,  or  diamagnetic  when  suspended  in 
air.  Again,  a  tube  containing  a  solution  of  ferrous  protosulphate  suspended 
horiiontally  within  ajar  also  filled  with  a  solution  of  the  same  salt,  and 
placed  between  the  poles  of  two  powerful  electro-magnets,  will  place  itself 
axially  or  equatorially,  according  as  the  solution  contained  in  it  is  stronger 
or  weaker  than  that  in  the  jar.  In  the  same  manner,  then,  we  may  conceive 
that  bismuth  places  itself  equatorially  between  two  magnetic  poles,  because 
it  is  less  magnetic  than  the  surrounding  air.  But  the  diamagnetism  of 
bismuth  and  other  bodies  of  the  same  class  shows  itself  in  a  vacuum  as 
well  as  in  air :  hence,  if  diamagnetism  is  jiot  to  be  regarded  as  a  distinct 
force,  we  must  suppose  that  the  efher  is  also  magnetic,  and  occupies  in  the 
magnetic  scale  the  place  intermediate  between  magnetic  and  diamagnetic 
bodies. 

That  a  body  suspended  in  a  medium  of  greater  magnetic  susceptibility 
than  itself  will  recede  from  a  magnetic  pole  in  its  neighborhood,  in  con- 
sequence of  the  greater  force  with  which  the  particles  of  the  medium  are 
impelled  towards  the  magnet,  is  so  obvious  a  consequence  of  mechanical 
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laws  that  we  can  scarcely  avoid  attributing  the  moTements  of  diamagnetio 
bodies  to  the  cause  just  mentioned;  at  least,  when  the  body  is  suspended  in 
air  or  other  magnetic  gas.  There  is,  however,  some  difficulty  in  reconciling 
the  above  described  phenomena  of  compressed  and  crystallised  bodies 
with  this  view ;  and,  moreoTer,  Tyndall  has  shown,  by  a  method  which 
we  cannot  here  describe,*  that  diamagnetic  bodies  possess  opposite  poles, 
analogous  to  those  of  magnetic  bodies,  each  of  these  poles  being  attracted 
by  one  pole  of  a  magnet  and  repelled  by  the  other.  This  polarity  shows 
decidedly  that  the  properties  of  diamagnetic  bodies  cannot  be  wholly  due 
to  the  differential  action  above  mentioned ;  for  if  they  were,  every  part  of 
a  diamagnetic  body  would  be  repelled  by  either  pole  of  a  magnet.  Dia- 
magnetism  mast  therefore,  for  the  present  at  least,  be  regarded  as  a  force 
distinct  from  magnetism. 

•  PhiL  TrauR.,  18W  and  ISSe.  8m  slw  Wattf'i  Dictionary  of  Cbamistrj,  toU  UL  p.  770. 
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ELECTBICITT. 

IF  glass,  amber,  or  sealing-wax  be  rubbed  with  a  dry  eloth,  it  acqaires 
the  power  of  attracting  light  bodies,  as  feathers,  dvtsU  or  bits  of  paper: 
this  is  the  result  of  a  new  and  peculiar  condition  of  the  bodj  rubbed, 
called  electrical  excitation. 

If  a  light  downy  feather  be  suspended  by  a  thread  of  white  silk,  and  a 
dry  glass  tube,  excited  by  rubbing,  be  presented  to  it,  the  feather  will  be 
strongly  attracted  to  the  tube,  adhere  to  its  surface  for  a  few  seconds,  and 
then  fall  off.  If  the  tube  be  now  excited  anew,  and  presented  to  the  featiier, 
the  latter  will  be  strongly  repelled. 

The  same  experiment  may  be  repeated  with  shellac  or  resin ;  the  feather 
in  its  ordinary  state  will  be  drawn  towards  the  excited  body,  and,  after 
touching,  again  driven  from  it  with  a  certain  degree  of  force. 

Now,  let  the  feather  be  brought  into  contact  with  the  excited  glass,  eo 
as  to  be  repelled  by  that  substance,  and  let  a  piece  of  excited  sealing-wax 
be  presented  to  it:  a  degree  of  attraction  will  be  obserTed  far  exceeding 
that  exhibited  when  the  feather  is  in  its  ordinary  state.  Or,  again,  let  the 
feather  be  made  repulsiTC  for  sealing-wax,  and  then  the  excited  glass  be 
presented :  strong  attraction  will  ensue. 

The  reader  will  at  once  see  the  perfect  parallelism  between  the  effects 
described  and  some  of  the  phenomena  of  magnetism,  the  electrical  excite- 
ment having  a  twofold  nature,  like  the  opposite  polarities  of  the  magnet. 
A  body  to  which  one  kind  of  excitement  has  been  communicated  is  at- 
tracted by  another  body  in  the  opposite  state,  and  repelled  by  one  in  the 
same  state;  the  excited  glass  and  resin  being  to  each  other  as  the  north 
and  south  poles  of  a  pair  of  magnetized  bars.  * 

To  distinguish  these  two  different  forms  of  excitement,  terms  are  em- 
ployed which,  although  originating  in  some  measure  in  theoretical  views 
of  the  nature  of  the  electrical  disturbance,  may  be  understood  by  the 
student  as  purely  arbitrary  and  distinctive:  it  is  customary  to  call  the 
electricity  manifested  by  glass  rubbed  with  silk  positive  or  vifreou^^  and  that 
tleveloped  in  the  case  of  shellac,  and  bodies  of  the  same  class  rubbed  with 
tliiiincl,  negative  or  resinout.  The  kind  of  electricity  depends  in  some  measure 
upon  the  nature  of  the  surface  and  the  quality  of  the  rubber;  smooth  and 
perfectly  clean  glass,  rubbed  with  silk,  becomes  positive,  but  when  ground 
or  roughened  by  sand  or  emery,  it  acquires,  under  the  same  circumstances, 
a  negative  charge.  Glass  dried  over  a  gas  flame  and  rubbed  with  wool  is 
generally  also  negative ;  when  dried  over  a  fire  of  wood-charcoal  it  remains 
positive. 

The  repulsion  shown  by  bodies  in  the  same  electrical  state  is  taken  ad- 
vantage of  to  construct  instruments  for  inchoating  electrical  excitement  and 
pointing  out  its  kind.  Two  balls  of  elder  pith,  hung  by  threads  or  very 
fine  metal  wiros,  serve  this  purpose  in  many  cases:  they  open  out  when 
excited,  in  virtue  of  their  mutual  repulsion,  and  show  by  the  degree  of 
divergence  the  extent  to  which  the  excitement  has  been  carried.  A  pair 
of  gold  leaves  suspended  to  a  metal  rod  having  a  brass  plate  on  its  upper 
end  constitute  a  much  more  delicate  arrangement,  and  one  of  great  value 
in  all  electrical  investigations.     The  rod  should  be  covered  with  a  thick 
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coating  of  shellao,  &nd  it  must  be  fastened  by  means  of  a  cork,  air-tight, 
into  a  glass  flask.  The  flask  must  haTe  been  perfectly  dried  previously  by 
wanning  iL     These  instruments  are  called  electroscopes  or  electrometers : 

Fig,  75.  Fiif,  76. 


ivhen  excited  by  the  communication  of  a  known  kind  of  electricity,  they 
show  by  an  increased  or  diminished  divergence,  the  state  of  an  electrified 
body  brought  into  their  neighborhood. 

One  kind  of  electricity  can  no  more  be  developed  without  the  other  than 
one  kind  of  magnetism :  the  rubber  and  the  body  rubbed  always  assume 
opposite  states,  and  the  positive  condition  on  the  surface  of  a  mass  of  matter 
ia  invariably  accompanied  by  a  negative  state  in  all  surrounding  bodies. 

Fig.  n. 


The  induction  of  magnetism  in  soft  iron  has  its  exact  counterpart  in 
electricity :  a  body  already  electrified  disturbs  or  polarizes  the  particles 
of  all  surrounding  substances  in  the  same  manner  and  according  to  the 
same  law,  inducing  a  state  opposite  to  its  own  in  the  nearer  portions, 
tnd  a  similar  state  in  the  more  remote  parts.  A  series  of  globes  sus- 
pended by  silk  threads,  in  the  manner  represented  in  fig.  77,  will  each 
become  electric  by  induction  when  a  charged  body  is  brought  near  the  end 
of  the  series,  like  so  many  pieces  of  iron  in  the  vicinity  of  a  magnet,  the 
positive  half  of  each  globe  looking  in  one  and  the  same  direction,  and  the 
negative  half  in  the  opposite  one.  The  positive  and  negative  signs  are 
intended  to  represent  the  states. 

The  intensity  of  the  induced  electrical  disturbance  diminishes  with  the 
distance  from  the  charged  body ;  if  this  be  removed  or  discharged,  all  the 
effects  cease  at  once. 

So  far,  the  greatest  resemblance  may  be  traced  between  these  two  sets 
of  phenomena;  but  here  it  seems  in  great  measure  to  cease.  The  magnetio 
polarity  of  a  piece  of  steel  can  awaken  polarity  in  a  second  piece  in  con- 
tact with  it  by  the  act  of  induction,  and  in  so  doing  loses  nothing  whatever 
of  ita  power:  this  is  an  effect  completely  different  from  the  apparent 
transfer  or  discharge  of  electricity  constantly  witnessed,  which  in  the  air 
and  in  liquids  often  gives  rise  to  the  appearance  of  a  bright  spark  of  fire. 
Indeed,  ordinary  magnetic  effects  comprise  two  groups  of  phenomena  only. 
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thoee.  nninely,  of  tttrftction  and  repulsion,  Bod  IhoM  of  indnctian.  But 
ID  electricity,  in  addilioD  to  pbenomeDa  very  cloaeljr  reeembliag  these,  re 
hsTC  tbe  effects  of  duciarge,  to  which  there  is  noihing  *D>logouB  in  taagnetiEia. 
■nd  wbich  taliea  place  in  an  instant  when  any  electrified  hody  is  put  in 
coDUnunication  with  the  earth  by  any  one  of  the  clasi  of  BubatanceB  called 
eonducfors  of  electricity,  all  signs  of  electrical  disturbance  (hen  ceuting. 

These  conductors  of  eleclricily,  which  thus  permit  discharge  to  take 
place  through  their  uiaee,  are  contrasli-d  with  another  class  of  substances 
called  non-conductors  or  insulatars.  Tbe  difference,  IftiweTcr,  it  only  one 
of  degree,  not  of  kind :  ibe  lery  best  conductors  offer  a  oerlBia  resistaoct 
to  the  electrical  discharge,  and  the  mast  perfect  insulators  permit  it  to  a 
■mall  eitenL  Tbe  metats  are  by  far  the  best  conduclorsj  glaBS,  silk. 
shellac,  and  dry  gas  or  Tapor  of  any  sort,  the  Tery  worst;  and  betweea 
these  there  are  bodies  of  all  degrees  of  conducting  power. 

Electrical  diachargea  take  place  silently  and  without  disturbance  in  good 
conductors  of  suffioient  slie.  But  if  the  charge  be  Tery  intense,  aad  lb* 
conductor  very  small,  or  imperfect  from  ita  nature,  it  is  ofleii  destroyed 
with  violeDoe. 

When  a  break  is  made  in  a  oonductor  employed  in  effecting  the  disobarge 
of  a  highly  excited  body.  disruptiTe  or  spark-disc  barge,  so  well  koovn, 
takes  place  across  the  interTening  air,  proiided  the  ends  of  the  Conductor 
be  Dot  too  distant,  Tbe  electrical  spark  itself  presents  manj  point*  of 
intsreet  in  the  modifications  to  wbich  it  is  liable. 

The  time  of  transit  of  the  eleotrical  ware  through  a  chain  of  good  con- 
ducting bodies  of  great  length  is  so  minute  as  to  be  altogether  ioappreci- 
able  to  ordinary  means  of  obserTation.  Professor  Wheatstone's  very  in- 
genious eiperimenls  on  tbe  subject  give,  in  Ibe  instance  of  motion  tbrough 
a  copper  wire,  a  velocity  surpassing  tbat  of  ligbt. 


only  upon  the  surfacea  of  condnelora, 
oihrr  objects  capable  of  assuming  the 
1  charged  with  pasitiie  electricity,  and 
i|  msiniaiued  in  that  state  by  the  induc- 
nienl,  which  immediately  become  nega- 
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UtbIj  «IeolriG«d:  Id  the  interlnrof  Ihe  bull  thera  i*  abBolntelj  no  elMtrioity 
lo  be  found,  although  it  maj  b«  construetei]  of  opea  metal  gauie,  with 
meahes  half  na  inch  wide  ^tpd  on  the  Burfnce  the  distribatioa  of  «1«o- 
Iricil  Toree  is  not  alwajs  the  sanie  ;  il  depends  upon  the  figure  of  the  bud; 
itself,  and  its  posilioD  with  regnrd  to  surrounding  objeota.  The  polaritj 
is  alway-t  highest  in  the  projecting  eitreinities  of  the  same  oonduoting  masa, 
and  greatest  of  all  wheo  these  are  attenuated  to  points :  in  which  cue  the 
iDequality  becomes  so  great  that  discharge  lakes  place  to  the  air,  and  the  ex- 
cited condition  cannot  be  maiotained. 

By  the  Kid  of  these  principles,  the  construction  and  use  of  the  common 
electrical  raaehtne,  and  other  pieces  of  apparatus  of  great  practiaal  ulililj', 
will  beeome  intelligible. 

A  glass  cjlinder  (fig  78)  is  mounted  with  its  axis  in  a  horiionlal  position, 
and  provided  with  a  handle  or  winch  by  which  it  may  be  turned.  A  leather 
cushion  is  made  to  press  by  a  spring  against  one  aide  of  the  cylinder, 
while  a  large  metal  conducting  body,  armed  with  a  number  of  points  next 
the  glass,  occnpies  the  other;  both  cushion  and  conductor  are  insulated  by 
glasa  supports,  and  to  the  upper  edge  of  the  former  a  piece  of  silk  is  at- 
tached, long  enough  to  reach  half  round  the  cylinder.  Upon  the  cushion  ia 
spread  a  quantity  of  soft  amalgani  of  tin,  lioc,  and  mercury,*  roiled  up 
with  ■  little  grease;  this  substanoe  ia  found  by  experience  to  excite  glasa 
roo?l  powerfully.  The  cylinder,  as  it  turni.  thus  becomes  charged  by  fric- 
tions against  the  rubber,  and  as  quickly  discharged  by  Ihe  row  of  points 
attached  to  the  great  conductor ;  and  aa  the  Inlter  is  also  completely  insu- 
lated, its  surface  speedily  aoquirea  a  charge  of  positive  electricity,  which 
may  be  communicated  by  contact  to  other  insulated  bodies.  The  maximum 
•Sent  is  prodaoed  when  the  rubber  is  connected  by  a  chain  or  wire  with  tho 


inled.  Ihe  rubber  must  be  insulated  and 
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Another  form  of  the  clectricfti  machine  coDsists  of  m  ciroal&r  p1st«  of 
plus  (fig.  79)  moring  upon  an  axis,  and  proTideil  with  two  pairs  of  cush- 
lona  or  rubbers,  aliached  to  the  upper  and  lower  parts  of  the  wooden 
frame,  coTcreil  with  amalgam,  between  wbich  ibe  plaie  DioTes  willi  eoD- 
siderable  friclion.  An  iosulaled  cod  duct  or,  armed  as  before  with  points, 
diachargeB  the  plate  as  it  turns,  the  rubber  being  at  Ibe  tame  time  con- 
nected with  the  ground  b;  the  wood-work  of  the  machine,  or  b;  a  atrip  of 
melal.  Tiiis  modificsLiau  of  the  apparatus  is  preferred  in  all  eases  nhirre 
considerable  poner  is  wanted. 

In  the  practical  manageiaent  of  electrical  apparatus,  great  care  must  be 
taken  Id  prevent  depositioa  of  moislure  from  the  air  upon  the  Burface  of 
the  glaas  aupporta,  wbich  should  always  be  TamiEhed  with  fine  lac  dissolred 
in  alcohol;  the  sliglilest  film  of  water  is  sufficient  to  destroy  the  power  of 
insulation.  The  rubbers  also  muat  be  carefully  dried,  and.  like  Ibe  plate, 
elesased  from  adhering  dual  before  uee,  and  the  amalgam  renewed  if  Deed- 
ful:  in  damp  weather  much  trouble  is  often  experienced  in  bringing  th« 
machine  into  powerful  aclioa. 

When  the  condualor  of  the  machine  is  charged  with  electricity,  it  acts  in- 
directly on,  and  accumulates  Ibe  contrary  electricity  lo  its  own,  at  Ihe  sur- 
face of  all  the  surrounding  conductors.  It  produces  the  greatest  effect  on 
the  conductor  that  is  nearest  lo  it  and  is  in  the  beet  connection  with  Ihe 
ground,  whereby  the  electricity  of  the  same  kind  as  tbnt  of  Ihe  macbine 
may  pass  to  the  earth.  As  the  inducing  electricity  attracts  the  induced 
electricity  of  an  opposite  kind,  so,  on  Ihe  other  hand,  is  the  former  attracted 
by  the  latter.  Hence,  the  eleclricity  wbich  the  conductor  receives  from 
the  machine  must  especially  sccumulale  at  (hat  spol  lo  wbich  another  good 
conductor  of  electricity  is  opposed.  If  a  metal  disc  is  in  connection  with 
the  conductor  of  a  machine,  and  if  another  similar  disc,  which  is  in  good 
connection  with  the  earth,  is  placed  opposite  to  it,  we  bsTe  an  arrange- 
ment by  which  tolerably  Urge  and  good  conducting  surfaces  can  be  brought 
close  to  one  another:  Ibus  the  positive  condition  of  the  first  dJEC,  as  well 
as  Ihe  negatiTe  condition  of  the  other,  niuBl  be  increased  lo  a  ^ery  con- 
siderable degree;  the  limit  is  in  this  case,  howeTer,  soon  reached,  because 
the  intervening  air  easily  permits  spark-discharge  to  lake  place  ihrough 
its  substance.  With  a  solid  insulating  body,  as  glass  or  lac.  Ibis  happens 
with  much  greater  difficulty,  eien  when  Ihe  plate  of  insulating  matter  it 
Tery  Ibin.  It  is  on  tbis  principle  that  instruments  for  the  aeaaHidalton  of 
electricity  depend,  among  which  the  Leyden  jar  is  the  most  important. 

A  thin  glass  jar  is  coated  on  holh  sides  wilb  tinfoil,  care 
Pif.  90.  being  taken  to  leave  several  inches  of  the  upper  part  un- 

covered (fig.  80);  a  wire,  terminating  in  a  metallic  knob, 
communicates  with  Ibe  internal  coating.  When  Ibe  out- 
side of  the  jar  is  connected  with  Ihe  earth,  and  the  knob 
Eut  in  contact  with  the  conductor  of  the  machine,  Ihe 
iner  and  outer  surfaces  of  the  glata  become  respectively 
positive  and  negative,  until  a  very  great  degree  of  in- 
tensity has  been  attained.  On  completing  Ibe  connec- 
tion between  the  two  coatings  by  a  metallic  wire  or  rod, 
discharge  occurs  in  the  form  of  an  exceedingly  bright 
spark,  accompanied  by  a  loud  soap ;  and  if  the  human 
body  be  interposed  in  the  circuit,  the  peculiar  and  dis- 
agreeable sensation  of  the  electric  shock  is  felt  at  tlie 

Ily  enlarging  Ihe  dimenaions  of  the  jar,  or  by  connecting  together  a  nnn- 
bor  of  siitb  jars  in  such  a  manner  that  all  may  be  charged  and  discharged 
simultaneously,  the  power  of  the  apparatus  may  be  greatly  augnienled. 
Thin  wires  of  metal  may  be  fused  and  dissipated ;  pieces  of  wood  may  be 
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shattered ;  many  combustible  substances  set  on  fire ;  and  all  the  well-known 
effecta  of  lightning  exhibited  upon  a  small  scale. 

The  electric  spurk  i8  often  yery  conveniently  employed  in  chemical 
inquiries  for  firing  gaseous  mixtures  in  closed  vessels.  A  small  Leyden  jar 
charged  by  the  tnacaiue  is  the  most  effective  contrivance  for  this  purpose; 
but)  not  unfrequently,  a  method  may  be  resorted  to  whioh  involves  less 
preparation.  The  most  convenient  means  of  generating  electricity  is  that 
proposed  by  Bunsen.  A  large  porcelain  tube,  which  is  dry  and  warm,  is 
wrapped  roand  and  rubbed  briskly  by  a  dry  silken  cloth.  After  each  rub 
the  tube  is  brought  in  the  immediate  neighborhood  of  the  knob  of  a  small 
Leyden  jar,  the  outer  coating  of  this  vessel  being  in  connection  with  the 
earth.  The  elect  rophorus  is  also  frequently  used  for  this  purpose.  Thia 
instrument  consists  of  a  round  tray  or 
dish  of  tinned  plate,  having  a  stout  wire  f*Q*  91. 

round  its  upper  edge ;  the  width  may  be 
about  twelve  inches,  and  the  depth  half 
an  inch.     This  tray  is  filled  with  melted 
shellac,  and  the  surface  rendered  as  even 
as  possible.     A  brass -disc,  with  rounded 
edge,  of  about  nine   inches  diameter,  is 
also  provided,  and  fitted  with  an  insulat- 
ing handle.     When  a  spark  is  wanted,  the 
resinous  plate    is   excited  by  striking  it 
with  a  dry,  warm  piece  of  fur,  or  a  silk 
handkerchief;  the  cover  is  placed  upon  it,  and  touched  by  the  finger,  to- 
gether with  the  rim  of  the  plate.     When  the  cover  is  raised,  it  is  found  so 
strongly  charged  by  induction  with  positive  electricity,  as  to  give  a  bright 
spark;  and,  as  the   resin  is  not  discharged  by  the  cover,  which  merely 
touches  it  at  a  few  points,  sparks  may  be  drawn  as  often  as  may  be  wished. 
It  is  not  known  to  what  cause  the  disturbance  of  the  electrical  equili- 
brium of  the  atmosphere  is  due :  experiment  has  shown  that  the  higher 
regions  of  the  air  are  usually  in  a  positive  state,  the  intensity  of  which 
reaches  a  maximum  at  a  particular  period  of  the  day.     In  cloudy  and 
stormy  weather  the  distribution  of  the  atmospheric  electricity  becomes 
much  deranged,  clouds  near  the  surface  of  the  earth  often  appearing  in  a 
negative  state. 

The  circumstances  of  a  thunder-storm   exactly  resemble  those  of  the 
charge  and  discharge  of  a  coated  plate  or  jar ;  the  cloud  and  the  earth 
represent  the  two  coatings,  and  the  intervening  air  the  bad  conducting 
body  or  dkleetrie.     The  polarities  of  the  opposed  surface  and  of  the  in- 
sulating medium  between  them  become  raised  by  mutual  induction,  until 
violent  disruptive  discharge  takes  place  through  the  air  itself,  or  through 
any  other  bodies  which  may  happen  to  be  in  the  interval.     When  these 
^re  capable  of  conducting  freely,  the  discharge  is  silent  and  harmless ;  but 
in  other  cases  it^ften  proves  highly  destructive.     These  dangerous  effects 
Are  now  in  a  great  measure  obviated  by  the  use  of  lightning-rods  attached 
to  buildings,  the  erection  of  which,  however,  demands  a  number  of  pre- 
caations  not  always  understood  or  attended  to.     The  masts  of  ships  may 
^6  ^rded  in  like  manner  by  metal  conductors :  Sir  W.  Snow  Harris  has 
devised  a  most  ingenioua  plan  for  the  purpose,  whioh  is  now  adopted,  with 
^«  most  complete  success,  in  the  Royal  Navy. 

BLBCTRIO  CURRENT;  ELECTRIC  BATTERT. 

When  two  solid  conducting  bodies  are  plunged  into  a  liquid  whioh  acts 
upon  them  unequally,  the  electric  equilibrium  is  also  disturbed,  the  one 
Acqairing  the  positive  condition,  and  the  other  the  negative.     Thus,  pieces 
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of  zinc  and  platinum  put  into  dilute  sulphuric  acid,  constitute  an 
ment  capable  of  generating  electrical  force:  tlie  sine  being  the  metal  at- 
tacked, becomes  negative ;  and  the  platinum  remaining  unaltered,  asauzne:s 
the  positive  condition;  and  on  making  a  metallic  communication  in  any 
way  between  the  two  plates,  discharge  ensues,  as  when  the  two  surfaces 
of  a  coated  and  charged  jar  are  put  into  connection. 

No  sooner,  however,  has  this  occurred,  than  the  disturbance  is  repeated: 
and  as  these  successive  charges  and  discharges  take  place  through  the  fluid 
and  metals  with  inconceivable  rapidity,  the  result  is  an  apparenllj  con- 
tinuous  action,  to  which  the  term  eUetrical  current  is  given. 

It  is  necessary  to  guard  against  the  idea,  wliich  the  term  naturally  sug- 
gests, of  an  actual  bodily  transfer  of  sumething  through  the  substance  of 
the  conductors,  like  water  through  a  pipe:  the  real  nature  of  all  these 
phenomena  is  entirely  unknown,  and  may  perhaps  remain  so;  the  expres- 
sion is  convenient  notwithstanding,  and  consecrated  by  long  use;  and  with 
this  caution,  the  very  dangerous  error  of  applying  figurative  language  to 
describe  an  effect,  and  then  seeking  the  nature  of  the  effect  from  the 
common  meaning  of  words,  may  be  avoided. 

The  intensity  of  the  electrical  excitement  developed  by  a  single  pair 
of  metals  and  a  liquid  is  too  feeble  to  affect  the  mo^t  delicate  gold-leaf 
electroscope;  but,  by  arranging  a  number  of  such  alternations  in  a  con- 
nected series,  in  such  a  manner  that  the  direction  of  the  current  shall  be 
the  same  in  each,  the  intensity  may  be  very  greatly  exalted.  The  two  in- 
struments invented  by  Volta,  called  the  pile  and  crown  of  cups,  depend 
upon  this  principle. 

Upon  a  plate  of  zinc  is  laid  a  piece  of  cloth,  rather  smaller  than  itself, 
steeped  in  dilute  acid,  or  any  liquid  capable  of  exerting  chemical  action 

upon  the  sine ;  upon  this  is  placed  a  plate  of  copper, 
silver,  or  platinum;  then  a  second  piece  of  sine,  another 
cloth,  and  a  plate  of  inactive  metal,  until  a  pile  of  about 
twenty  alternations  has  been  built  up.  If  the  two  termi- 
nal plates  be  now  touched  with  wet  hands,  the  sensation 
of  the  electrical  shock  will  be  experienced ;  but,  unlike 
the  momentary  effect  produced  by  the  discharge  of  a  jar, 
the  sensation  can  be  repeated  at  will  by  repeating  the 
contact,  and  with  a  pile  of  one  hundred  such  pairs,  excited 
by 'dilute  acid,  it  will  be  nearly  insupportable.  1^'hen 
such  a  pile  is  insulated,  the  two  extremities  exhibit  strong 
positive  and  negative  states;  and  when  connection  is 
made  between  them  by  wires  armed  with  points  of  hard 
charcoal  or  plumbago,  the  discharge  takes  place  in  the 
form  of  a  bright  enduring  spark  or  stream  of  fire. 
The  second  form  of  apparatus,  or  crown  of  cups,  is  precisely  the  same 
in  principle,  although  different  in  appearance.    A  number  of  cups  or 
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glasses  are  amnged  in  a  row  or  circle,  each  containing  a  piece  of  active 
and  a  piece  of  inactiTe  metal,  and  a  portion  of  exciting  liquid  —  zinc,  cop- 
per,  and  dilute  sulpliuric  acid,  for  example.  Tlie  cupper  of  the  first  cup 
is  connected  with  the  zinc  of  the  second,  the  copper  of  the  second  with 
tlie  zinc  of  the  third,  and  so  to  the  end  of  the  series.  On  establishing  a 
communication  between  the  first  and  last  plates  by  means  of  a  wire,  or 
otherwise,  discharge  takes  place  as  before. 

When  any  such  electrical  arrangement  consists  merely  of  a  single  pair 
of  condactora  and  an  interposed  liquid,  it  is  called  a  simple  circuit ;  when 
two  or  more  alterations  are  concerned,  the.  term  **  compouud  circuit "  is 
applied:  they  are  called  also,  indifferently,  yoltaio  batteries.  In  every 
form  of  such  apparatus,  however  complex  it  may  appear,  the  direction  of 
the  current  may  be  easily  understood  and  remembered.  The  polarity  or 
disturbance  may  be  considered  to  commence  at  the  surface  of  the  metal 
attacked,  and  to  be  propagated  through  the  liquid  to  the  inactive  conductor, 
and  thence  back  again  by  the  connecting  wire,  these  extremities  of  the 
battery  being  always  respectively  negative  and  positive  when  the  appara- 
tus is  insulated.  In  common  language,  it  is  said  that  the  current  in  every 
battery  in  an  active  state  starts  from  the  metal  attacked,  passes  through 
the  liquid  to  the  second  metal  or  conducting  body,  and  returns  by  the  wire 
or  other  channel  of  communication:  hence,  in  the  pile  and  crown  of  cups 
just  described,  the  current  m  the  battery  is  always  from  the  zinc  to  the 
copper ;  and  out  of  the  battery,  from  the  copper  to  the  zinc,  as  shown  by 
the  arrows. 

In  the  modification  of  Volta's  original  pile,  made  by  Mr.  Cruikshank, 
the  zinc  and  copper  plates  are  soldered  together  and  cemented  water-tight 
into  a  mahogany  trough,  which  thus  becomes  divided  into  a  series  of  cells 
or  compartments  capable  of  receiving  the  exciting  liquid.  This  apparatus 
is  well  fitted  to  exhibit  effects  of  tension^  to  act  upon  the  electroscope,  and 
give  shocks:  hence  its  advantageous  employment  in  the  application  of 
electricity  to  medicine,  as  a  very  few  minutes  Bufiice  to  prepare  it  for  use. 

Fiff.  M. 


The  crown  of  cups  wa<)  also  put  into  a  much  more  manageable  form  by  Dr. 
Babington,  and  still  further  improved,  as  will  hereafter  be  seen,  by  Dr. 
WoUaston.  Subsequently,  various  alterations  have  been  made  by  difierent 
experimenters  with  a  view  of  obviating  certain  defects  in  the  common 
batteries,  of  which  a  description  will  be  found  towards  the  middle  of  the 
volume. 

The  term  **  galTnnism,"  sometimes  applied  to  this  branch  of  electrical 
science,  is  used  in  honor  of  Professor  Galvani,  of  Bologna,  who,  in  1790, 
made  the  very  curious  observation  that  convulsions  could  be  produced  in 
the  limbs  of  a  dead  frog  when  certain  metals  were  made  to  touch  the  nerve 
and  muscle  at  the  same  moment.  It  was  Volta,  however,  who  pointed  out 
the  electrical  origin  of  these  motions ;  and  although  the  explanation  he 
offered  of  the  source  of  the  electrical  disturbance  is  no  longer  generally 
adopted,  his  name  is  very  properly  associated  with  the  invaluable  instru- 
ment his  genius  gave  to  science. 

In  the  year  1822,  Professor  Seebeck,  of  Berlin,  discovered  another  source 
of  electricity,  to  which  allusion  has  already  been  made  —  namely,  in- 
equality of  temperature  and  conducting  power  in  different  metals  placed 
11 
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in  oontftot,  or  in  the  same  metal  in  different  states  of  compression  and 
densitj.  Even  with  a  great  number  of  alternations,  the  current  produced 
is  exceedingly  feeble  compared  with  that  generated  by  the  voltaic  pile. 

Some  animals  of  the  class  of  fishes,  as  the  torpedo  or  electric  ray,  and  the 
electric  eel  of  South  America,  are  furnished  with  a  special  organ  or  appa- 
ratus for  developing  electrical  force,  which  is  employed  in  defence,  or  in 
the  pursuit  of  prey.  Electricity  is  here  seen  to  be  closely  connected  with 
nervous  power:  the  shock  is  given  at  the  will  of  the  animal,  and  great  ex- 
haustion follows  repeated  exertion  of  the  power. 

ELBGTRO-MAGNETISM;  INDUCTION. 

Although  the  fact  that  electricity  is  capable,  under  certain  cireum- 
stances,  both  of  inducing  and  of  destroying  magnetism,  has  long  been  known 
from  the  effects  of  lightning  on  the  compass-needle  and  upon  small  steel 
articles,  as  knives  and  forks,  to  which  polarity  has  suddenly  been  given 
by  the  stroke,  it  was  not  till  1819  that  the  laws  of  these  phenomena  were 
discovered  by  Oersted,  of  Copenhagen,  and  shortly  afterwards  ftilly  devel- 
oped by  Ampere. 

The  action  which  a  current  of  electricity,  proceeding  from  any  source, 
exerts  upon  a  magnetized  needle,  is  quite  peculiar.  The  poles  or  centres 
of  magnetic  force  are  neither  attracted  nor  repelled  by  the  wire  carrying 
the  current,  but  made  to  move  around  the  latter  by  a  force  which  may  be 
termed  tangential,  and  is  exerted  in  a  direction  perpendicular  at  once  to 
that  of  the  current,  and  to  the  line  joining  the  pole  and  the  wire.  Both 
poles  of  the  magnet  being  thus  acted  upon  at  the  same  time,  and  in  con- 
trary directions,  the  needle  is  forced  to  arrange  itself  across  the  current, 
80  that  its  axis,  or  the  line  joining  the  poles,  may  be  perpendicular  to  the 
wire;  and  this  is  always  the  position  which  the  needle  will  assume  when 
the  influence  of  terrestrial  magnetism  is  in  any  way  removed.  This  curious 
angular  motion  may  even  be  shown  by  suspending  a  magnet  in  such  a 
way  that  only  one  of  its  poles  shall  be  subjected  to  the  current ;  a  perma- 
nent movement  of  rotation  will  continue  as  long  as  the  current  is  kept  up, 
its  direction  being  changed  by  altering  the  pole,  or  reversing  the  current. 
The  movable  connections  are  made  by  mercury,  into  which  the  points  of 
the  conducting  wires  dip. 

It  is  often  of  great  practical  consequence  to  be  able  to  predict  the  di- 
rection in  which  a  particular  pole  shall  move  by  a  given  current,  because 
in  all  galvanoscopes  and  other  instruments  involving  these  principles,  the 
movement  of  the  needle  is  taken  as  an  indication  of  the  direction  of  the  cir^ 
culating  current.  And  this  is  easily  done  by  a  simple  mechanical  aid  to 
the  memory:     Let  the  current  be  supposed  to  pass  through  a  watch  from 

the  face  to  the  back ;  the  motion  of  the 
Fig.  85.  north  pole  will  be  in  the  direction  of  the 

hands.  Or  a  little  piece  of  apparatus 
may  be  used  if  reference  is  often  required : 
this  is  a  piece  of  pasteboard,  or  other 
==g  suitable  material,  cut  into  the  form  of  an 
arrow  for  indicating  the  current,  crossed 
by  a  magnet  having  its  poles  marked,  and 
arranged  in  the  true  position  with  respect 
to  the  current.  The  direction  of  the  lat- 
ter in  the  wire  of  the  galvanoscopc  can  at  once  be  known  by  placing  the 
representative  magnet  in  the  direction  assumed  by  the  needle  itself. 

The  common  galvanoscope  (fig.  80),  consisting  of  a  coil  of  wire  having 
a  compass-needle  suspended  on  a  point  within  it,  is  greatly  improved  by  the 
addition  of  a  second  needle,  as  already  in  part  described  (p.  102),  and  by 
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a  better  mode  of  suspension,  a  long  fibre  of  silk  being  used  for  the  purpose. 
The  two  needles  are  of  equal  size,  and  magnetized  as  nearly  as  possible 
to  the  same  extent ;  they  are  then  immovably  fixed  together  parallel,  and 

Fig,  86. 


F:g.  87. 


with  their  poles  opposed,  and  hung  with  the  lower  needle  in  the  coil  and 
the  upper  one  above  it.  The  advantage  gained  is  twofold:  the  system  is 
iuiatie,  unaffected,  or  nearly  so,  by  the  magnetism  of  the  earth;  and  the 
needles,  being  both  acted  upon  in  the  same  manner  by  the  current,  are 
urged  with  much  greater  force  than  one  alone  would  be,  all  the  actions  of 
every  part  of  the  coil  being  strictly  concurrent.  A  divided  circle  is  placed 
below  the  upper  needle,  by  which  the  angular  motion  can  be  measured; 
and  the  whole  is  enclosed  in  glass,  to  shield  the  needles  from  the  agitation 
of  the  air.     The  whole  is  shown  in  fig.  86. 

The  action  between  the  pole  and  the  wire  is  mutual,  as  may  be  shown 
by  rendering  the  wire  itself  movable,  and  placing  a  magnet  in  its  vicinity: 
on  completing  the  circuit,  the  wire  will  be  put  in  motion,  and,  if  the 
arrangement  permits,  it  will  rotate  around  the  magnetic  pole. 

A  little  consideration  will  show  that,  from  the  peculiar  nature  of  the 
electro-dynamic  force,  a  wire  carrying  a  current,  bent  into  a  spiral  or  helix, 
must  possess  the  properties  of  an  ordinary  mag- 
netized bar,  its  extremities  being  attracted  and 
repelled  by  the  poles  of  a  magnet.     Such  is  really 
found  to  be  the  case,  as  may  be  proved  by  a  va- 
riety of  arrangements,  among  which  it  will  hv 
sufficient  to  cite  the  beautiful  little  apparatus  of 
Professor  de  la  Rive.     A  short  wide  glass  tube  is 
fixed  into  a  cork  ring  of  considerable  size  (fig.  87) ; 
a  little  voltaic  battery,  consisting  of  a  single  pair 
of  copper  and  zinc  plates,  is  fitted  to  the  tube, 
and  to  these  the  ends  of  the  spiral  are  soldered. 
On  filling  the  tube  with  dilute  acid,  and  floating 
the  whole  in  a  large  basin  of  water,  the  helix  will 
he  observed  to  arrange  itself  in  the  magnetic  meridian,  and  on  trial  it  will 
he  found  to  obey  a  magnet  held  near  it  in  the  most  perfect  manner,  as  long 
M  the  current  circulates. 

When  an  electric  current  is  passed  at  right  angles  to  a  piece  of  iron  or 
steel,  the  latter  acquires  magnetic  polarity,  either  temporary  or  permanent, 
u  the  case  may  be,  the  direction  of  the  current  determining  the  position 
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of  the  poles.     This  effect  is  prodigiously  increased  hj  causing  the  curreat 
to  circulate  a  number  of  times  round  the  bar,  which  then  acquires  extra- 
ordinary magnetic  power.     A  piece  of  soft  iron,  worked 
^10'  S8.  into  the  form  of  a  horse-shoe  (fig.  88),  and  surrounded 

by  a  coil  of  copper  wire  covered  with  silk  or  cotton  for 
the  purpose  of  insulation,  furnishes  an  excellent  illus- 
tration of  the  induct iye  energy  of  the  current  in  this  re- 
spect f  when  the  ends  of  the  wire  are  put  into  comma- 
nication  with  a  small  voltaic  battery  of  a  single  pair  of 
plates,  the  iron  instantly  becomes  so  highly  magnetic  as 
to  be  capable  of  sustaining  a  very  heavy  weight. 

Ampfere  discovered,  in  the  course  of  his  investigations, 
a  number  of  extremely  interesting  phenomena  resulting 
from  the  action  of  electrical  currents  on  each  other, 
which  become  evident  when  arrangements  are  made  for 
giving  mobility  to  the  conducting  wires.  He  found  that 
when  two  currents,  flowing  in  the  same  direction,  are 
made  to  approach  each  other,  strong  attraction  takes 
place  between  them,  and,  when  in  opposite  directions, 
an  equally  strong  repulsion.  These  effects,  which  are 
not  difficult  to  demonstrate,  have  absolutely  no  relation, 
that  can  be  traced,  to  ordinary  electrical  attractions  and 
repulsions,  from  which  they  must  be  carefully  distinguished;  they  are 
purely  dynamic^  having  to  do  with  electricity  in  motion.  Ampere  founded 
upon  this  discovery  a  most  beautiful  and  ingenious  hypothesis  of  magnetic 
actions  in  general,  which  explains  very  clearly  the  influence  of  the  current 
upon  the  needle. 

A  current  of  electricity  can  thus  develop  magnetism  in  a  transversa 
direction  to  its  own  ;  in  the  same  manner,  magnetism  can  call  into  activity 
electric  currents.  If  the  tw^o  extremities  of  the  coil  of  the  electro-magnet 
above  described  be  connected  with  a  galvanoscope,  and  the  iron  magnetised 
by  the  application  of  a  permanent  steel  horse-shoe  magnet  to  the  ends  of 
the  bar,  a  momentary  current  will  be  developed  in  the  wire,  and  pointed 
out  by  the  movement  of  the  needle.  It  lasts  but  a  single  instant,  the  needle 
returning  after  a  few  oscillations  to  a  state  of  rest.  On  removing  the  mag- 
net, whereby  the  polarity  of  the  iron  is  at  once  destroyed,  a  second  current 
or  wave  will  become  apparent,  but  in  the  opposite  direction*  to  that  of  the 
first.  By  employing  a  very  powerful  steel  magnet,  surrounding  its  iron 
keeper  or  armature  with  a  very  long  coil  of  wire,  and  then  making  the 
armature  itself  rotate  in  front  of  the  faces  of  the  magnet,  so  that  its  induced 
polarity  shall  be  rapidly  reversed,  magneto-electric  currents  may  be  pro- 
duced, of  such  intensity  as  to  give  bright  sparks  and  most  powerful  shocks, 
and  exhibit  all  the  phenomena  of  voltaic  electricity.  Fig.  89  represents  a 
very  powerful  arrangement  of  this  kind. 

When  two  covered  wires  are  twisted  together  or  laid  side  by  side  for  some 
distance,  and  a  current  transmitted  through  the  one,  a  momentary  electrical 
wave  will  be  induced  in  the  other  in  the  reverse  direction ;  and  on  breaking 
connection  with  the  battery,  a  second  single  wave  will  become  evident  by 
the  aid  of  the  galvanoscope,  in  the  same  direction  as  that  of  the  primary 
current.  In  the  same  way,  when  a  current  of  electricity  passes  through 
one  turn  in  a  coil  of  wire,  it  induces  two  secondary  currents  in  all  the 
other  turns  of  the  coil;  when  the  circuit  is  closed,  the  first  is  mov- 
ing in  the  opposite  direction  to  the  primary  current;  the  second,  when 
the  circuit  is  broken,  has  a  motion  in  the  same  direction  as  the  primary 
current.  The  effect  of  the  latter  is  added  to  that  of  the  primary  current. 
Hence,  if  a  wire  coil  be  made  part  of  the  conducting  wire  of  a  weak  electric 
pile,  and  if  the  primary  current,  by  means  of  an  appropriate  arrangement. 
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onit  eitlier  »t  th«  plw 

gecoudftnr  closing  con 
posilioQ  of  water. 

If  two  coppar  trirea.  the  one  above  the  other,  be  twisted  round  the  sama 
hollow  ojUnder,  and  one  of  theao  wires  —  for  iDstaDoe.  the  inner  ono  —  be 
tusde  p«rt  of  a  galvanic  circuit,  a  current  of  short  duralion  is  induced  in 
the  outer  wire,  both  by  making  and  b;  breaking  contact.  The  strength  of 
this  current  can  be  verj  appreciably  increased  by  filling  the  hoUow  cylinder 
with  a  bundle  of  thin  iron  roda,  when  magnetic  and  electrical  induction  are 
made  to  co-operate.  The  more  frequently  contact  is  alternately  mode  and 
broken,  the  greater  is  the  number  of  induced  currents  that  follow  each 
other,  and  the  more  powerful,  within  certain  limits,  is  liie  action.  Dr. 
Heef  has  constructed  an  ingenious  contrivance,  in  which  contact  is  made 
and  broken  bj  the  current  itself,  whereby  bis  induction  apparatus  actually 
becomes  an  electrical  machine.  Fig.  90  exhibits  the  original  apparatus 
■lightly  modified.  The  arrangement  coasists  essentially  of  an  elastic  copper 
strip  a  a',  which  is  filed  at  o',  and  carries  at  £  a  small  plate  of  soft  iron. 
The  latter  hangs  over  the  iron  rods  of  the  induction  coil,  which  are  some- 
what raised  in  this  particular  point,  but  without  touching  them.  The  end, 
a,  of  the  copper  strip  is  coTcrcd  with  a  little  plate  of  platinum,  which 
presses  against  a  platinum  point  of  the  screw  c.  The  current,  having  trav- 
ersed the  inner  coil,  passes  from  the  point  c,  to  the  plate  a,  in  order  to 
return  through  the  copper  strip  a  a',  and  the  wire  i'.  By  the  passage  of 
the  current  Ihe  iron  rods  have  become  magnetic  and  attract  the  iron  plate, 
ft.  whereby  the  end.  o.  of  the  copper  strip  ia  removed  from  Iho  platinum 
point,  and  contact  is  broken.  But  as  soon  as  the  current  ceases,  the  iron 
rods  lose  their  magnetism,  (he  i-laatic  copper  strip  returns  to  its  fqpner 
ponition,  and  rstahlishps  again  the  current  for  a  abort  lime.  The  screws,  e 
anil  fl,  regulate  the  position  of  the  spring  and  Ihe  time  of  its  oscillations, 
the  velocity  of  which  may  be  estimated  by  the  pitch  of  the  notes  produced. 
This  apparatus,  which  was  first  made  by  Dr.  Necf,  in  1830,  ha«  been  con- 


126  ELECTBICITY   OF    VAPOR. 

liderablj'  improTed  within  the  lut  few  yean.      Ruhmkorff  eRpeetaUj,   by  K 

more  perfect  iBolatioo  af  tbe  wire  coils,  has  succeeded  lo  ft  much  greater 
exteat  in  preaerTing  the  electrical  inductian.     He  haa  thus  obt&iiied  a  b1a(« 


of  electrical  lension  which  resembles  that  produced  by  frictionsi  eleotricity; 
the  spark  ia  capable  of  crossing  lUc  air  in  measurable  distances,  not  in 
iBoIaled  diechargea.  but  in  atreama  of  brilliant  light.  The  shocks  of  Ihia 
apparatus  reaemble  thoae  of  a  modcrole  Leyden  jar.  but  differ  from  the 
latter  bj  the  rapidity  with  which  they  may  be  repeated  at  pleasure.  By 
means  of  Ruhmkorff's  coil,  OroTe  has  lately  elfected  decomposilions  in 
water  and  other  bad  conducting  Itr(uid8.  which  resemble  those  obtained 
many  years  ago  fay  Wollaston  by  means  of  the  electrical  machine.  Tbosa 
phenomena  of  decomposition,  which  in  water,  for  instance,  furnish  oxygen 
and  hydrogen  at  tbe  same  pole,  must  be  distinguished  from  true  electrical 
decompositions;  they  are,  in  fact,  effects  of  heat,  as  Oroie  has  pointed  ouL 

ELECTRICITY  OP  VAPOR. 

The  electricity  exhibited  under  certain  peculiar  circumstances  by  a  jet 
of  steam,  first  observed  by  mere  accident,  but  since  closely  ioTcstigaled  by 
Sir  W,  Armstrong,  and  also  by  Faraday,  is  now  referred  lo  the  friction, 
not  of  the  pure  steam  itself,  hut  of  particles  of  condensed  water,  against 
the  interior  of  the  exit-tube.  It  has  been  prored  with  eertatnty  in  the  lost 
few  yenrs  that  evaporation  alone  is  not  capable  of  dialurbing  the  electrical 
equilibrium,  and  the  hope  first  entertained,  that  these  phenomena  would 
throw  light  upon  the  cause  of  electrical  excitement  in  the  atmoaphere.  is 
now  abandoned.  The  steam  is  usually  poaltiTe.  if  the  jet-pipe  be  constructed 
of  wood  or  clean  metal,  but  the  introduction  of  ihe  smallest  trace  of  oily 
matter  causes  a  change  of  sign.  The  intensity  of  the  charge  is,  acierit 
paribut,  increased  with  the  elastic  force  of  the  steam.  By  this  means 
effects  have  been  obtained  very  far  surpassing  those  of  the  most  powerful 
plate  electrical  machines  ever  constructed. 

Although  no  electricity  can  be  directly  evolved  by  evaporation,  yet  va. 
por  possesses  in  a  high  degree  the  property  of  discharging  into  the  aU 
mospbere  that  electricity  which  often  accumulates  in  bodies  from  which  it 
arises.  Tbe  freah  branches  and  leaves  of  trees  do  this  to  the  greatest  ex- 
tent. When  moistened  with  rain  or  dew,  their  surfaces  become  positively 
electrical,  whilst  the  internal  parts,  even  to  the  roots,  become  negatively 
electrical. 


PAKT  II. 


CHEMISTRY  OP  ELEMENTARY  BODIES. 


THE  term  element  or  elementary  wbttanee  is  applied  in  chemistry  to  those 
forms  of  modificstiona  of  matter  which  have  hitherto  resisted  all  at^ 
tempts  to  decompose  them.  Nothing  is  ever  meant  to  be  affirmed  concern- 
iDg  their  real  nature;  thejr  are  simply  elements  to  us  at  the  present  time; 
hereafter,  by  new  methods  of  research,  or  by  new  combinations  of  those 
already  possessed  by  science,  many  of  the  substances  which  now  figure  as 
elements  may  possibly  be  shown  to  be  compounds;  this  has  already  hap- 
pened, and  may  again  take  place. 

The  elementary  bodies,  at  present  recognized,  amount  to  sixty-fonr  in 
number;  of  these,  about  fifty  belong  to  the  class  of  metals.  Several  of 
these  are  of  recent  discovery,  and  as  yet  very  imperfectly  known.  The 
d'mlinction  between  metals  and  non-metallic  substances,  or  metalloids^  al- 
though very  conTenient  for  purposes  of  description,  is  entirely  arbitrary, 
since  the  two  classes  graduate  into  each  other  in  the  most  complete  manner. 

It  will  be  proper  to  commence  with  the  latter  and  less  numerous  division. 
The  elements  are  named  as  in  the  .subjoined  table,  the  most  important  be- 
ing distinguished  by  the  largest  and  most  conspicuous  type,  those  next  in 
importance  by  medium  type,  whilst  the  names  of  elements  which  are  either 
of  rare  occurrence,  or  of  which  our  knowledge  is  very  imperfect,  are 
printed  in  the  smallest  type. 


MKTALLOIDS. 

BoRoir. 

BBOHnrs. 

C&SBOV. 
CHLORIHE. 

nuomiTE. 

HYDBOGEH. 

lODIHE. 

KITSOt^ra. 

OXYOEH. 

PHOSPHORirS. 

Selenium. 

snicnnc. 

fiULPHim. 

Tellurium. 


METALS. 


AiuMiinini. 

Antimony. 

Arssnic. 

Barium. 

Beryllium. 

Bismuth. 

Cadmium. 

Caesium. 

CALCIiriC. 

Cerium. 

cubohium. 

Cobalt. 

COPPER. 

Didymium. 

Erbium. 

Gold. 

Indium. 


Iridium. 

IBOH. 

Lanthanum. 

LEAD. 

Lithium. 

Magnesium. 

MAHOANESE. 

MEECUBT. 

Molybdenum. 

Nickel. 

Niobium. 

Osmium. 

Palladium. 

Platinum. 

POTASSIUIC. 

Rhodium. 

Rubidium. 


Ruthenium. 

8ILVEB. 

SODIUM. 

Strontium. 

Tantalum. 

Terbium. 

Thallium. 

Thorinum. 

TIN. 

Titanium, 

tungbtrn. 

Uranium. 

Vanadium. 

Yttrium. 

ZINC. 

Zirconium. 
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OZTOEK. 

WbatcTer  pinn  of  ctnssiti cation,  founded  on  the  naturtl  rtlatiotii  of  tlw 
elements,  be  adopted,  it  will  alweja  be  found  moat  adT&DUgeDus,  in  ihg 
practical  Btudy  of  chemialr}',  to  commence  with  the  congidemtion  of  U» 
great  conetiluenls  of  the  ocean  and  the  MmoRphere. 

Oxygen  was  discoTered  in  the  year  1774.  by  Sebeele,  in  Sweden,  and  Dr. 
Priestle;,  in  England,  independeiiily  of  eucb  other,  and  dcBcribcd  under  the 
termg  empynai air  and  dipklogwlicatrd  air.  The  name  oxygen*  was  giTra 
to  it  bjr  LaTaisier  some  lime  aflervinrd.  Oiygen  exists  in  a  free  and  nn- 
combined  slate  in  the  atmosphere,  mingteil  with  another  gHseouB  body,  ni- 
trogen. No  Tory  good  direct  means  exist,  howeTer,  for  separating  it  from 
the  latter;  and,  accordingly,  it  is  alvays  oblained  for  purposes  of  eiperi- 
ment  by  decomposing  certain  of  its  compounds,  which  are  Tery  numerous. 

The  red  oiide  of  mercury,  or  rtd  prenpilale  of  the  old  writers,  may  be 

employed  with  this  view.     Id  this  substance  (he  attraction  which  hold* 

together  the  mercury  and  the  oxygen  is  bo  feeble,  that  simple  exposure  to 

heat  lufficeB  to  bring  about  decompoaiiion.     The  red  precipitate  ia  placed 

fig.  91. 


in  a  short  lube  of  hard  glass,  to  whicii  is  lilted  a  perforated  cork,  furnished 
with  a  piece  of  narrow  glass  luhe.  bent  aa  in  fig.  'J1 .  The  heat  of  a  spirit- 
lamp  being  applied  to  the  substance,  dccompo~ilion  speedily  comnicnceB : 
globules  of  metallic  mercury  collect  in  Ihe  cool  pari  of  the  wide  lube, 
which  answers  the  purpose  of  a  retort,  while  gas  issues  in  considerable 
quantity  from  the  apparatus.  This  gas  is  collcoled  and  examined  by  the 
aid  of  the  pneumatic  trough,  which  conBisls  of  a  ressel  of  water  provided 
with  a  shelf,  upon  which  stand  the  jars  or  bottles  destined  lo  receive  the 
gas.  Riled  H-ilh  water  nnd  iuTerted.  By  keeping  the  lerel  of  the  liquid 
aboTe  the  mouth  of  (he  jar,  the  water  is  retained  in  the  latter  by  the  pres- 
sure of  the  atmosphere,  and  entrance  of  air  is  prevented.  When  the  jar  is 
brought  over  the  extremity  of  the  gns-delivering  tube,  the  bubbles  of  gas 
rising  through  the  water,  collect  in  the  upper  part  of  the  jar,  and  displace 
the  liquid.  As  soon  as  one  jar  is  tilled,  it  may  be  removed,  still  keeping 
its  mouth  below  ihe  woter-tevel,  and  another  substituted.  The  whole  ar- 
rangement is  shown  in  fig.  01. 

*  From  Jfirc.  jtctd,  arjfl  ytv,  h  root  »\^ity\ng  prodnclEoD, 
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The  experimnt  here  described  is  more  instructiye  as  an  excellent  case 
of  the  resolation  by  simple  means  of  a  compound  body  into  its  constituents,* 
than  Taluable  as  a  source  of  oxygen  gas.  A  better  and  more  economical 
method  is  to  expose  to  heat  in  a  retort,  or  flask  furnished  with  a  bent  tube, 
a  portion  of  the  salt  called  potassium  chlorate.  A  common  Florence  flask 
serves  perfectly  well,  the  heat  of  a  spirit-lamp  being  sufficient.  The  salt 
melts  and  decomposes  with  ebullition,  yielding  a  very  large,  quantity  of 
oxygen  gas,  which  may  be  collected  in  the  way  aboye  described.  The  first 
portion  of  the  gas  often  contains  a  little  chlorine.  The  white  saline  residue 
in  the  flask  is  potassium  chloride.  This  plan,  which  is  yery  easy  of  execu- 
tion, is  always  adopted  when  yery  pure  gas  is  required  for  analytical  pur^ 
poses,  f 

A  third  method,  yery  good  when  perfect  purity  is  not  demanded,  is  to 
heat  to  redness,  in  an  iron  retort  or  gun-barrel,  the  black  manganese  oxide 
of  commerce,  which  under  these  circumstances  suffers  decomposition,  al- 
though not  to  the  extent  manifest  in  the  red  precipitate.} 

If  a  little  of  the  black  manganese  oxide  be  finely  powdered  and  mixed 
with  potassium  chlorate,  and  the  mixture  heated  in  a  flask  or  retort  by  a 
lamp,  oxygen  will  be  disengaged  with  the  utmost  facility,  and  at  a  far  lower 
temperature  than  when  the  chlorate  alone  is  used.}  All  the  oxygen  comes 
from  the  chlorate,  the  manganese  remaining  quite  unaltered.  The  materials 
should  be  well  dried  in  a  capsule  before  their  introduction  into  the  flask. 
This  experiment  affords  an  instance  of  an  effect  by  no  means  rare,  in 
which  a  body  seems  to  act  by  its  mere  presence,  without  taking  any  obvi- 
ous part  in  the  change  brought  about. 

Methods  for  the  preparation  of  oxygen  on  a  large  scale  will  be  found 
described  under  the  heads  of  sulphuric  acid  and  barium  dioxide. 

Whatever  method  be  chosen  —  and  the  same  remark  applies  to  the  col- 
lection of  all  other  gases  by  similar  means  —  the  first  portions  of  gas  must 
be  suffered  to  escape,  or  be  received  apart,  as  they  are  contaminated  by 
the  atmospheric  air  of  the  apparatus.  The  practical  management  of  gases 
is  a  point  of  great  importance  to  the  chemical  student,  and  one  with  which 
he  must  endeavor  to  familiarize  himself.  The  water-trough  just  described 
is  one  of  the  most  indispensable  articles  of  the  laboratory,  and  by  its  aid 
all  experiments  on  gases  are  carried  on  when  the  gases  themselves  are  not 
sensibly  acted  upon  by  water.  The  trough  is  best  constructed  of  japanned 
copper,  the  form  and  dimensions  being  regulated  by  the  magnitude  of  the 
jars.  It  should  have  a  firm  shelf,  so  arranged  as  to  be  always  about  an 
inch  below  the  level  of  the  water,  and  in  the  .«belf  a  groove  should  be  made 
about  half  an  inch  in  width,  and  t^e  same  in  depth,  to  admit  the  extremity 

•  Chi*ini>fts  nrc  in  the  habit  of  reprMenting  the  element*  by  nymtiolg,  and  their  componnds  by 
fi>nnnlfle.  The  same  synibolitJiI  language,  which  is  fatly  explajiied  in  a  Hnbseqnrnt  Hoction  of 
the  woric  (General  Principles  of  Chemical  PhiliiKophy),  in  nM»d  for  repnwenting  the  chiinfrei 
which  Che  chemical  oomponiids  niideni^.  For  the  benefit  of  the  Advanced  student,  the  lornuilfe 
espreflding  the  mure  important  decompoHitiumi  are  uuw  given  in  foot-notes.  The  decuni)Mi(»itioa 
of  mercuric  oxide  is  thus  represented:  — 

HgO  =  Hg  +  O 


Mercuric  oxide. 
KCIO, 

Mercnry. 
=                    KCl 

+ 
+ 

Oxygen. 

Potaasiam  chlorate. 

3MnO,                    = 

Potassium  chloride. 
MngOf 

Oxygen. 

Maaganeae  dioxide. 

Man  ganoso-mnn- 

Oxygen. 

ganic  oxide. 

I  [The  nmnganese  oxide  shonid  not  contain  any  comlmRtible  matter,  or  an  explosion  will 
rarait.  Accidents  hare  occurred  from  thia  canse,  and  a  preliminary  trial  siiould  lie  niiuie  by  heiit- 
ing  aamili  quantity  in  a  metal  cup,  should  there  be  any  doubt  of  the  purity  of  the  oxide.— 
K.B.] 
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of  the  delirery-tube  beneath  the  jar,  which  stands  securely  upon  the  shelf. 
When  the  pneumatic  trough  is  required  of  tolerably  large  dimensions,  ii 
may  with  great  advantage  have  the  form  and  disposition  represented  in 

Fig.  92, 


Fig.m. 


fig.  92.     The  end  of  the  groove  spoken  of,  which  crosses  the  shelf  or  shal* 
low  portion,  is  shown  at  a. 

Gases  are  transferred  from  jar  to  jar  with  the  utmost  facility,  by  first 
filling  the  vessel,  into  which  the  gas  is  to  be  passed  with  water,  inverting 
it,  carefully  retaining  its  mouth  below  the  water-level,  and  then  bringing 
beneath  it  the  aperture  of  the  jar  containing  the  gas.  On  gently  inclining 
the  latter,  the  gas  passes  by  a  kind  of  inverted  decantation  into  the  second 
vessel.  When  the  latter  is  narrow,  a  funnel  may  be  placed  loosely  in  its 
neck,  by  which  loss  of  gas  will  be  prevented. 

A  jar  wholly  or  partially  filled  with  gas  at 
the  pneumatic  trough  may  be  removed  by 
placing  beneath  it  a  shallow  basin,  or  even  a 
common  plate,  so  as  to  carry  away  enough 
water  to  cover  the  edge  of  the  jar :  and  many 
gases,  especially  oxygen,  may  be  so  preserved 
for  many  hours  without  material  injury. 

Gas-jars  are  often  capped  at  the  top,  and 
fitted  with  a  stop-cock  for  transferring  gaa 
to  bladders  or  caoutchouc  bags.  When  such 
a  vessel  is  to  be  filled  with  water,  it  may  be 
slowly  sunk  in  an  upright  position  in  the 
well  of  the  pneumatic  trough-,  the  stop-cock 
being  open  to  allow  the  air  to  escape,  until 
the  water  reaches  the  brass  cap.  The  cock 
is  then  to  be  turned,  and  the  jar  lifted  upon 
the  shelf,  and  filled  with  gas  in  the  usual  way. 
If  the  trough  be  not  deep  enough  for  this 
method  of  proceeding,  the  mouth  may  be  applied  to  the  stop-cock,  and  the 
vessel  filled  by  sucking  out  the  air  until  the  water  rises  to  the  cap.  In  all 
cases  it  is  proper  to  avoid  as  much  as  possible  wetting  the  stop-cocks  and 
other  brass  apparatus. 

Mr.  Pepys  contrived,  many  years  ago,  an  admirable  piece  of  apparatus 
for  storing  and  retaining  large  quantities  of  gas.  It  consists  of  a  drum  or 
reservoir  of  sheet  copper,  surmounted  by  a  shallow  trough  or  cistern,  the 
communication  between  the  two  being  made  by  a  couple  of  tubes,  a  6,  fur- 
nished with  stop-cocks,  one  of  which,  A/,  passes  nearly  to  the  bottom  of  the 
drum,  as  shown  in  fig.  94.  A  short  wide  open  tube,  c,  is  inserted  obliquely 
near  the  bottom  of  the  vessel,  into  which  a  plug  may  be  tightly  screwed. 
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Fig.  94. 


A  stop-cock,  g^  near  the  top,  serves  to  transfer  gas  to  a  bladder  or  tube^ 
appartttu».  A  glass  water-gauge,  d  e,  aflSxed  to  the  side  of  the  drum,  and 
communicated  with  both  top  and  bottom, 
indicates  the  level  of  the  liquid  within. 

To  use  the  gas-holder,  the  plug  is  first 
screwed  into  the  lower  opening,  and  the 
dram  completely  filled  with  water.  All 
three  stop-cooks  are  then  to  be  closed  and 
the  plug  removed.  The  pressure  of  the 
Atmosphere  retains  the  water  in  the  gas- 
holder, and  if  no  air-leakage  occurs,  the 
escape  of  water  is  inconsiderable.  The 
extremitj  of  the  delivery-tube  is  now  to 
be  well  pushed  through  the  open  aperture 
into  the  drum,  so  that  the  bubbles  of  gas 
may  rise  without  hindrance  to  the  upper 
part,  displacing  the  water,  which  flows 
oat  in  the  same  proportion  into  a  vessel 
placed  for  its  reception.  When  the  drum 
la  filled,  or  enough  gas  has  been  collected, 
the  tube  is  withdrawn  and  the  plug  screwed 
into  its  place. 

When  a  portion  of  the  gas  is  to  be  transferred  to  a  jar,  the  latter  is  to  be 
filled  with  water  at  the  pneumatic  trough,  carried  by  the  help  of  a  basin 
or  plate  to  the  cistern  of  the  gas-holder,  and  placed  over  the  shorter  tube. 
On  opening  the  cock  of  the  neighboring  tube,  the  hydrostatic  pressure  of 
the  column  of  water  will  cause  compression  of  the  gas,  and  increase  its 
elastic  force,  so  that,  on  gently  turning  the  cock  beneath  the  jar,  it  will 
ascend  into  the  latter  in  a  rapid  stream  of  bubbles.  The  jar,  when  filled, 
may  again  have  the  plate  slipped  beneath  it,  and  be  removed  without  dif- 
ficulty. 

Oxygen,  when  free  or  uncombined,  is  known  only  in  the  gaseous  state, 
all  attempts  to  reduce  it  to  the  liquid  or  solid  condition  by  cold  and  pressure 
having  completely  failed.  When  pure,  it  is  colorless,  tasteless,  and  in- 
odorous. It  la  the  sustaining  principle  of  animal  life,  and  of  all  the 
ordinary  phenomena  of  combustion. 

Bodies  which  burn  in  the  air,  bum  with  greatly  increased  splendor  in 
oxygen  gas.  If  a  taper  be  blown  out,  and  then  introduced  while  the  wick 
remains  red-hot,  it  is  instantly  rekindled:  a  slip  of  wood  or  a  match  is 
relighted  in  the  same  manner.  This  eflfect  is  highly  characteristic  of  oxygen, 
there  being  but  one  other  gas  which  possesses  the  same  property ;  and  this 
is  easily  distinguished  by  other  means.  The  experiment  with  the  match  is 
also  constantly  used  as  a  rude  test  of  the  purity  of  the  gas  when  it  is  about 
to  be  collected  from  the  retort,  or  when  it  has  stood  some  time  in  contact 
with  water  exposed  to  air. 

When  a  bit  of  charcoal  is  affixed  to  a  wire,  and  plunged  with  a  single  point 
red-hot  into  a  jar  of  oxygen,  it  bums  with  great  brilliancy,  throwing  off 
beautiful  scintillations,  until,  if  the  oxygen  be  in  excess,  it  is  completely 
consumed.  An  iron  wire,  or,  still  better,  a  steel  watch-spring,  armed  at 
its  extremity  with  a  bit  of  lighted  amadou,  and  introduced  into  a  vessel  of 
oxygen  gas,  exhibits  a  most  beautiful  phenomenon  of  combustion.  If  the 
experiment  be  made  in  a  jar  standing  on  a  plate,  the  fused  globules  of  black 
iron  oxide  fix  themselves  in  the  glaze  of  the  latter,  after  falling  through  a 
stratum  of  water  half  an  inch  in  depth.  Kindled  sulphur  burns  with  great 
beauty  in  oxygen ;  and  phosphorus,  under  similar  circumstances,  exhibits 
a  splendor  which  the  eye  is  unable  to  support. 

In  these  and  many  other  similar  cases  which  might  be  mentioned,  the 
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same  ultimate  effect  is  produced  as  in  atmospheric  air*  the  action  is,  how- 
ever, more  energetic,  from  the  absence  of  the  gas  which,  in  the  air,  dilutes 
the  oxygen  and  enfeebles  its  chemical  powers.  The  process  of  respiration 
in  animals  is  an  effect  of  the  same  nature  as  common  combustion.  The 
blood  contains  substances  which  slowly  burn  by  the  aid  of  the  oxygen  thus 
introduced  into  the  system.     When  this  action  ceases,  life  becomes  extinct. 

Oxygen  is  bulk  for  bulk  a  little  heavier  than  atmospheric  air,  its  specifie 
grayity  being  1 '10568,  referred  to  that  of  air  as  unity,  and  16  referred  to 
that  of  hydrogen  as  unity.  A  litre  of  oxygen  at  the  standard  temperature 
and  pressure,  that  is  to  say,  at  0°  C,  and  700  millimetres  barometric  pres- 
sure, weighs  1*43028  gram.  At  15*5°  C.  (60^  F.),  and  under  a  pressure  of 
80  inches,  100  cubic  inches  of  the  gas  weigh  84*29  grains.* 

It  has  been  already  remarked,  that  to  determine  with  the  utmost  degree 
of  accuracy  the  specific  gravity  of  a  gas,  is  an  operation  of  very  great 
practical  difficulty,  but  at  the  same  time  of  very  great  importance.  There 
are  several  methods  which  may  be  adopted  for  this  purpose :  the  one  de- 
scribed below  appears,  on  the  whole,  to  be  the  simplest  and  best.  It  re- 
quires, however,  the  most  scrupulous  care,  and  the  observance  of  a  number 
of  minute  precautions  which  are  absolutely  indispensable  to  success. 

The  plan  of  the  operation  is  as  follows :  A  large  glass  globe  is  to  be  filled 
with  the  gas  to  be  examined  in  a  perfectly  pure  and  dry  state,  haying  a 
known  temperature,  and  an  elastic  force  equal  to  that  of  the  atmosphere  at 
the  time  of  the  experiment.  The  globe  so  filled  is  to  be  weighed.  It  is 
then  to  be  exhaust^  at  the  air-pump  as  far  as  possible,  and  again  weighed. 
Lastly,  it  is  to  be  filled  with  dry  air,  the  temperature  and  pressure  of  which 
are  known,  and  its  weight  once  more  determined.  On  the  supposition 
that  the  temperature  and  elasticity  are  the  same  in  both  eases,  the  specific 
gravity  is  at  once  obtained  by  dividing  the  weight  of  the  gas  by  that  of 
the  air. 

The  globe  or  flask  must  be  made  very  thin,  and  fitted  with  a  brass  cap, 
surmounted  by  a  small  but  excellent  stop-cock.     A  delicate  thermometer 
should  be  placed  in  the  inside  of  the  globe,  secured  to  the  cap.     The  gas 
must  be  generated  at  the  moment,  and  conducted  at  once  into  the  previously 
exhausted  vessel,  through  a  long  tube  filled  with  fragments  of  pumice 
moistened  with  oil  of  vitriol,  or  some  other  extremely  hygroscopic  substance, 
by  which  it  is  freed  from  all  moisture.     As  the  gas  is  necessarily  generated 
under  some  pressure,  the   elasticity  of  that  contained  in  the  filled  globe 
will  slightly  exceed  the  pressure  of  the  atmosphere;  and  this  is  an  ad- 
vantage, since,  by  opening  the  stop-cock  for  a  single  instant,  when  the 
globe  has  attained  an  equilibrium  of  temperature,  thd  tension  becomes  ex- 
actly that  of  the  air,  so  that  all  barometrical  correction  is  avoided,  unless 
the  pressure  of  the  atmosphere  should  sensibly  vary  during  the  time  oc- 
cupied by  the  experiment.     It  is  hardly  necessary  to  remark  that   the 
greatest  care   must  also   be   taken   to   purify  and  dry  the    air  used  as 
the   standard  of  comparison,   and   to  bring  both  gas  and  air  as  nearly 
as  possible   to  the  same  temperature,  to  obviate  the  necessity  of  a  cor- 
rection, or  at  least  to  diminish  almost  to  nothing  the  errors  involved  by 
such  a  process. 

Oxides. — The  compounds  formed  by  the  direct  union  of  oxygen  with 
other  bodies  bear  the  general  name  of  oxides :  these  are  very  numerous 
and  important.  They  are  conveniently  divided  into  three  principal  groups 
or  classes.  The  first  division  contains  all  those  oxides  which  resemble  in 
their  chemical  relntions  the  oxides  of  potassium,  sodium,  silver,  or  lead: 
these  are  denominated  alkaline  or  baisie  oxides.  The  oxides  of  the  second 
group  have  properties  opposed  to  those  of  the  bodies  mentioned ;  the  oxides 

•  Dumas,  Ann.  Chim.  Pbys.  [3],  iii.  2^6. 
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of  enlpliar  and  phosphorus  may  be  taken  as  the  typical  representatiTes  of 
the  class :  they  are  called  actd  ozidet,  and  are  capable  of  uniting  with  the 
basic  oxides,  snd  forming  compounds  culled  saltt.  Thus,  when  the  oxide 
of  sulphur,  called  sulphuric  oxide,  is  passed  in  the  slate  of  vapor  over 
heated  barium  oxide,  combination  takes  place,  attended  with  vivid  incan- 
descence, and  a  salt  called  barium  sulphate  is  produced,  containing  all  the 
elements  of  the  two  original  bodies,  namely,  barium,  sulphur,  and  oxygen. 

There  is  also  an  intermediate  group  of  oxides  called  neutral  oxidts,  from 
their  slight  disposition  to  enter  into  combination.  The  black  oxide  of 
manganese,  already  mentioned,  is  an  excellent  example.  It  must  not  be 
supposed,  however,  that  the  three  groups  of  oxides  just  mentioned  are 
separated  from  each  other  by  decided  lines  of  demarcation;  on  the  con- 
trary, they  blend  into  one  another  by  imperceptible  degrees,  and  the  same 
oxide  may,  in  many  cases,  exhibit  either  acid  or  basic  relations  according 
to  the  circumstances  under  which  it  is  placed. 

Among  salts,  there  is  a  particular  group,  namely,  the  hydrogen  salts,  con- 
taining the  elements  of  an  acid  oxide,  and  water  (hydrogen  oxide),  which 
are  especially  distinguished  as  aeids^  because  many  of  them  possess  in  an 
eminent  degree  the  properties  to  which  the  term  acid  is  generally  applied, 
such  as  a  sour  taste,  corrosive  action,  solubility  in  water,  and  the  power 
of  reddening  certain  blue  vegetable  colors.  A  characteristic  property  of 
these  acids,  or  hydrogen  salts,  is  their  power  of  exchanging  their  hydrogen 
for  a  metal  presented  to  them  in  the  free  state,  or  in  the  form  of  oxide. 
Thus,  sulphuric  acid,  which  contains  sulphur,  oxygen,  and  hydrogen, 
readily  dissolves  metallic  xinc,  the  metal  taking  the  pl»ce  of  the  hydrogen, 
which  is  evolved  as  gas,  and  forming  a  salt  containing  sulphur,  oxygen, 
and  zinc;  in  fact,  a  zine  sulphate^  produced  from  a  hydrogen  sulphate  by 
substitution  of  zinc  for  hydrogen.*  The  same  substitution  and  formation 
of  zinc  sulphate  take  place  when  zinc  oxide  is  brought  in  contact  with  sul- 
phuric acid;  but  in  this  case  the  hydrogen,  instead  of  being  evolved  as 
gas,  remains  combined  with  the  oxygen  derived  from  the  xinc  oxide,  form- 
ing water,  f 

A  series  of  oxides  containing  quantities  of  oxygen  in  the  proportion  of 
the  numbers  1,  2,  9,  united  with  a  constant  quantity  of  another  element, 
are  distinguished  as  monoxide^  dioxide^  and  trioxide  respectively,  the  Greek 
numerals  indicating  the  several  degrees  of  oxidation.  A  compound  inter- 
mediate between  a  monoxide  and  a  dioxide  is  called  a  sesguioxide,  e.  g. : 

ChromlQm.     Oxygen. 
Chromium  monoxide      .         •        .        .        .        .     62-6    -f-     ^^ 

Chromium  sesquioxide 52*6     -j-    24 

Chromium  dioxide 52-6    4-     ^^ 

Chromium  trioxide 52*6    -^     48 

When  a  metal  forms  two  basic  or  salifiable  oxides,  they  are  distinguished 
by  adjectival  terms  ending  in  ous  for  the  lower,  and  ic  for  the  higher  de- 
gree of  oxidation,  f.  g. : 

Iron.       Oxygen. 
Iron  monoxide,  or  Ferrous  oxide       .        .        .        .     56    -f*     ^^ 
Iron  sesquioxide,  or  Ferric  oxide  .        .        •         66    -j-    '^^ 

The  salts  resulting  from  the  action  of  acids  on  these  oxides  are  also  dis- 
tinguished as  ferrous  and  ferric  salts  respectively. 

Acid  oxides  of  the  same  element,  sulphur  for  example,  are  also  dis- 
tinguished by  the  terminations  ous  and  tc,  applied  as  above ;  their  acids, 

«  80A    +    Zq  =  SOfZn  +  Hf  t  60«Ht    +    Zn  0  =  804Za  +  OH, 
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or  hydrogen  salU,  receive  corresponding  namen;  and  the  salts  formed 
from  these  acids  are  distinguished  by  names  ending  in  He  and  ale  respec- 
tively.    Thus,  for  the  oxides  and  salts  of  sulphur : 

Satphnr.       Oxjfren. 
Sulphurous  oxide '62     •^     S2 

Hydrogen  sulphite,  or  Sulphurous  acid         .         82     ^     48    -}~        ^ 
Lead  sulphite 32    +     48+207 

Sulphuric  oxide    .        .         ....         82+48 

Hydrogen  sulphate,  or  Sulphuric  acid      .        .     82    +     64    +        2 

Le«f(L 

Lead  sulphate 82    +     64+207 

The  acids  above  spoken  of  are  oxygen-ncids ;  and  formerly  it  was  sup- 
posed that  all  acids  contained  oxygen  —  that  element  being,  indeed,  re- 
garded as  the  acidifying  principle;  hence  its  name  (p.  128).  At  present, 
however,  we  are  acquainted  wi(h  many  bodies  which  possess  all  the  char- 
acters above  specified  as  belonging  to  an  acid,  and  yet  do  not  contain 
oxygen.  For  example,  hydrochloric  acid  (formerly  called  muriatic  acid, 
or  spirit  of  salt)  —  w^hich  is  a  hydrogen  chloride,  or  compound  of  hydrogen 
and  chlorine  —  is  intensely  sour  and  corrosive;  reddens  litmus  strongly; 
dissolves  zinc,  which  drives  out  the  hydrogen  and  take«<  its  place  in  com- 
bination with  the  chlorine,  forming  zinc-chloride;  and  dissolves  most  me- 
tallic oxides,  exchanging  its  hydrogen  for  the  metal,  and  forming  a  metal- 
lic chloride  and  water.* 

Bromine,  iodine,  and  fluorine  also  form,  with  hydrogen,  acid  compounds 
analogous  in  every  respect  to  hydrochloric  acid. 

Compounds  of  chlorine,  bromine,  iodine,  fluorine,  sulphur,  selenium, 
phosphorus,  &c.,  with  hydrogen  and  metals,  are  grouped,  like  the  oxygen 
compounds,  by  names  ending  in  ide:  thus  we  speak  o(  zinc  chloride,  cal> 
cium  fluoride,  hydrogen  sulphide,  copper  phosphide,  &c.  The  numerical 
prefixes,  monoj  di,  iri,  &c.,  as  also  the  terminations  out  and  ic,  are  applied 
to  these  compounds  in  the  same  manner  as  to  the  oxides,  thus : 

Hydrogen  bromide  .... 

Potassium  monosulphide     .         .         ... 
Potassium  disulphide      .... 
Potassium  trisulphide  .         . 

Potassium  tetrasulphide 
Potassium  pentasulphide    .... 

Ferrous  chloride 

Ferric  chloride 

Stannous  sulphide        .... 
Stannic  sulphide      ..... 

The  Latin  prefixes  uni, bitter,  quadra^  &c.,  are  often  used  instead  of  the 
corresponding  Greek  prefixes ;  there  is  no  very  exact  rule  respecting  their 

*  Action  of  hydrochloric  acid  on  sine : 

•illCl     +     Zn    =     ZnCl,    +     Hj 
Action  of  hydrocliloric  ncid  on  sine  oxide : 
21iCl    +    Zoo.  =r  ZnClf  +  OH, 


nydrogen. 

Bromine. 

1 

+ 

80 

Potassiom. 

Sulphur. 

78-2 

+ 

^2 

78-2 

+ 

64 

78-2 

+ 

96 

78-2 

+ 

128 

78-2 

+ 

160 

Iron. 

ChloriDa. 

56 

+ 

71 

.     66 

+ 

105-5 

Tin. 

Bulphor. 

118 

+ 

64 

.      118 

+ 

128 
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use :  liai,  generally  speaking,  it  is  best  to  employ  a  Greek  or  Latin  prefix, 
aecordiDg  as  the  word  before  which  it  is  placed  is  of  Greek  or  Latin  origin ; 
thas,  <^ioxide  corresponds  to  6t8ulphide ;  on  the  wliolej  however,  the  Greek 
prefixes  are  most  generally  employed. 

Ozone.  —  It  has  long  been  known  that  dry  oxygen,  or  atmospheric  air, 
when  exposed  to  tlie  action  of  a  series  of  electric  sparks,  emits  a  peculiar 
and  somewhat  metallic  odor.  The  same  odor  may  be  imparted  to  moist 
oxygen  by  allowing  phosphorus  to  remain  for  some  time  in  it,  and  by 
several  other  processes.  A  more  accurate  examination  of  this  odorous  air 
has  shown  that,  in  addition  to  the  smell,  it  possesses  several  properties 
not  exhibited  by  oxygen  in  its  ordinary  state.  One  of  its  most  char- 
acteristic effects  is  the  liberatioa  of  iodine  from  potassium  iodide.  This 
odorous  principle  has  been  the  subject  of  many  researches,  in  particular 
by  Schonbein,  of  Basle,  who  proposed  for  it  the  name  of  ozone.* 

An  easy  method  of  exhibiting  the  production  of  ozone  is  to  transmit  a 
current  of  oxygen  through  a  tube  into  which  a  pair  of  platinum  wires  is 
sealed,  with  the  points  at  a  little  distance  apart;  on  connecting  one  of  the 
wires  with  the  prime  conductor  of  an  electrical  machine  in  good  action, 
and  the  other  with  the  ground,  the  characteristic  odor  of  ozone  is  im- 
mediately  developed  in  the  issuing  gas ;  but,  notwithstanding  the  powerful 
olor  thus  produced,  only  a  small  portion  of  the  oxygen  undergoes  this 
change.  Andrews  and  Tait  have  shown  that,  to  obtain  the  maximum  of 
ozone,  it  is  necessary  to  transmit  the  discharge  silently,  between  very  fine 
points;  if  sparks  are  allowed  to  pass,  a  considerable  portion  of  the  ozone 
is  reconverted  into  ordinary  oxygen  as  fast  as  it  is  formed.  Siemens  pre- 
pares ozone  by  induction:  he  forms  a  sort  of  Leyden  jar,  by  coating  the 
interior  of  a  long  tube  with  tin-foil,  and  passes  over  this  tube  a  second 
wider  tube  coated  with  tin-foil  on  its  outer  surface.  Between  the  two  tubes 
a  current  of  pure  dry  oxygen  is  passed,  which  becomes  electrified  by  in- 
duction, on  connecting  the  inner  and  outer  coating  with  the  terminal  wires 
of  an  induction-coil;  by  this  means  it  is  said  that  from  10  to  15  per  cent, 
of  the  oxygen  may  be  converted  into  ozone. 

Ozone  may  also  be  obtained  in  several  ways,  without  the  aid  of  elec- 
tricity; thus  it  is  formed  in  small  quantity  when  a  stick  of  phosphorus  is 
suspended  in  a  bottle  filled  with  moist  air;  by  the  slow  oxidation  of  ether, 
oil  of  turpentine,  and  other  essential  oils ;  in  the  electrolytic  decomposition 
of  water;  and  by  the  action  of  strong  sulphuric  acid  on  potassium  per- 
manganate.f  There  has  been  considerable  discussion  about  the  nature  and 
composition  of  ozone;  but  the  most  trustworthy  experiments  seem  to  show 
that,  in  whatever  way  produced,  it  is  merely  a  modified  form  of  oxygen. 

Ozone  is  insoluble  in  water  and  in  solutions  of  acids  or  alkalies,  but  is 
absorbed  by  a  solution  of  potassium  iodide.  Air  charged  with  it  exerts  an 
irritating  action  on  the  lungs.  Ozone  is  decomposed  by  heat,  gradually  nt 
U)0=>  C.  {2y2?  F.,)  instantly  at  290°  C.  (654°  F.)  It  is  an  extremely  power- 
ful oxidizing  agent;  possesses  strong  bleaching  and  disinfecting  powers; 
corrodes  cork,  caoutchouc,  and  other  organic  substances;  and  rapidly 
oxidizes  iron,  copper,  and  even  silver  when  moist,  an  well  as  dry  mercury 
and  iodine.  It  is  remarkable  that  the  absorption  of  ozone  by  these  and 
other  agents  is  not  attended  with  any  contrnction  of  volume.  The  expla- 
nation of  this  fact  appears  to  be,  that  oxygen  when  ozonized  diminishes  in 
volume  (in  the  proportion  of  3  to  2,  according  to  Soret),  and  that  when 
the  ozone  is  decomposed  by  a  metal  or  other  substance,  one  portion  of  it 
enters  into  combination,  while  the  remainder,  which  is  set  free  as  ordinary 
oxygen,  occupies  the  same  bulk  as  the  ozone  itself. 

*  From  ^cy.  to  emit  an  odor. 

[f  Also,  aceordiog  to  A.  Ilou8eaii,by  the  action  of  stilpharfc  aold  on  barium  dioxide.— K.  B.] 
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The  most  delicate  test  for  the  presence  of  oxone  in  any  gas  is  afforded  hj 
a  strip  of  paper  moistened  with  a  mixture  of  starch  and  solution  of  po- 
tassium iodide.  On  exposing  such  paper  to  the  action  of  osone,  the  po- 
tassium iodide  is  decomposed,  its  potassium  combining  with  oxygen,  while 
the  iodine  is  liberated,  and  forms  a  deep  blue  compound  with  the  starch. 
Now,  when  paper  thus  prepared  is  exposed  to  the  open  air  for  fiye  or  t«n 
minutes,  it  often  acquires  a  blue  tint,  the  intensity  of  which  yaries  on  dif- 
ferent days.  Hence  it  has  been  plausibly  supposed  that  ozone  is  present 
in  the  air  in  yariable  quantity.  But  iodine  may  be  liberated  from  po- 
tassium iodide  by  many  other  agents,  especially  by  certain  oxides  of  ni- 
trogen, which  are  yery  likely  to  be  present  in  the  air  in  minute  quantities: 
hence  the  existence  of  osone  in  the  air  cannot  be  preyed  to  be  present  by 
this  reaction  alone. 


HTDBOGEH. 

Hydrogen  nay  be  obtained  for  experimental  purposes  by  deoxidizing 
water,  of  which  it  forms  a  characteristic  component.* 

If  a  tube  of  iron  or  porcelain,  containing  a  quantity  of  filings  or  turnings 
of  iron,  be  fixed  across  a  furnace,  and  its  middle  portion  be  made  red-hot, 
and  then  the  yspor  of  water  transmitted  over  the  heated  metal,  a  large 
quantity  of  permanent  gas  will  be  disengaged  from  the  tube,  and  the  iron 
will  become  converted  into  oxide,  and  acquire  an  increase  in  weight.  The 
gas  is  hydrogen :  it  may  be  collected  over  water  and  examined. 

Hydrogen  in,  however,  more  easily  obtained  by  decomposing  hydrochloric 
or  dilute  sulphuric  acid  with  zinc,  the  metal  then  displacing  the  hydrogen 
in  the  manner  already  explained  (p.  188). 
The  simplest  method  of  preparing  the  gas  is  the  following :  A  wide-necked 

bottle  is  chosen,  and  fitted  with  a  sound 

Fig,W,  cork,  perforated  by  two   holes  for  the 

^c^  reception  of  a  small  tube- funnel  reach - 

Vj  ing  nearly  to  the   bottom  of  the  bottle, 

^ '  and  a  piece  of  bent  glass  tube  to  convey 

away  the  disengaged  gas.  Granulated 
zinc,  or  scraps  of  the  malleable  metal, 
are  put  into  the  bottle,  together  with  a 
little  water,  and  sulphuric  acid  slowly 
added  by  the  funnel,  the  point  of  which 
should  dip  into  the  liquid.  The  evolu- 
tion of  gas  is  easily  regulated  by  the 
supply  of  acid ;  and  when  enough  has 
been  discharged  to  expel  the  air  of  the 
yessel,  it  may  be  collected  over  water 
in  a  jar,  or  passed  into  a  gas-holder. 
In  the  absence  of  zinc,  filings  of  iron  or 
small  nails  may  be  used,  but  with  less 
advantage. 

A  little  practice  will  soon  enable  the 
pupil  to  construct  and  arrange  a  variety  of  useful  forms  of  apparatus,  in 
which  bottles,  and  other  articles  always  at  band,  are  made  to  supersede 
more  costly  instruments.     Glass  tube,  purchased  by  weight  of  the  maker, 


*  Hence  the  name,  from  C^W/i,  water,  and  ycr. 
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may  be  eat  by  seraichtng  with  m  file,  and  then  applying  a  little  force  with 
both  hands.  It  may  be  softened  and  bent,  when  of  small  dimensions,  by  the 
flame  of  a  spirit-lamp,  or  a  candle,  or,  better,  by  a  gas  jet.  Corks  may  be 
perforated  by  a  heated  wire,  and  the  hole  rendered  smooth  and  cylindrical 
by  a  round  file ;  or  the  ingenious  cork>borer  of  Dr.  Mohr,  now  to  be  had  of 
all  inatrument^makers,  may  be  used  instead.  Lastly,  in  the  event  of  bad 
fitting,  or  unsoundness  in  the  cork  itself,  a  little  yellow  wax  melted  over  the 
surface,  or  even  a  little  grease  applied  with  the  finger,  renders  it  sound  and 
air-tight,  when  not  exposed  to  heat. 

Hydrogen  is  colorless,  tasteless,  and  inodorous  when  quite  pure.  To  ob- 
tain it  in  this  condition,  it  must  be  prepared  from  the  purest  lino  that  can 
be  obtained,  and  passed  in  succession  through  solutions  of  potash  and  silver 
nitrate.  When  prepared  from  commercial  zinc,  it  has  a  slight  smell,  which 
is  due  to  impurity,  and  when  iron  has  been  used,  the  odor  is  very  strong 
and  disagreeable.  It  is  inflammable  and  burns,  when  kindled,  with  a  pale, 
yellowish  flame,  evolving  much  heat,  but  very  little  light.  The  result  of  the 
combustion  is  water.  It  is  even  less  soluble  in  water  than  oxygen,  and  has 
never  been  liquefied.  Although  destitute  of  poisonous  properties,  it  is  in- 
capable of  sustaining  life. 

Hydrogen  is  the  lightest  substance  known ;  Dumas  and  Bous-  ^-  ML 
singault  place  its  density  between  0*0691  and  O-OCOo,*  referred 
to  that  of  air  as  unity.  The  weight  of  a  litre  of  hydrogen  at 
0°  C,  and  under  a  barometric  pressure  of  0*760  metre,  is 
0*08961  gram ;  consequently,  a  gram  of  hydrogen  occupies  a 
space  of  11-15947  litres.f  At  15*5°  C.  (60®  F.),  and  30  inches 
barometric  pressure,  100  cubic  inches  weigh  2*14  grains. 

When  a  gas  is  much  lighter  or  much  heavier  than  atmos- 
pheric air,  it  may  often  be  collected  and  examined  without  the 
aid  of  the  pneumatic  trough.  A  bottle  or  narrow  jar  may  be 
filled  with  hydrogen  without  much  admixture  of  air,  by  invert- 
ing it  over  the  extremity  of  an  upright  tube  delivering  the  gas. 
In  a  short  time,  if  the  supply  be  copious,  the  air  will  be  wholly 
displaced,  and  the  vessel  filled.  It  may  now  be  removed,  the 
vertical  position  being  carefully  retained,  and  closed  by  a  stop- 
per or  glass  plate.  If  the  mouth  of  the  jar  be  wide,  it  must 
be  partially  closed  by  a  piece  of  cardboard  during  the  operation.  This 
method  of  collecting  gases  by  displacement  is  often  extremely  useful.  Hy- 
drogen was  formerly  used  for  filling  air-balloons,  being  made  for  the  pur- 
pose on  the  spot  from  zinc  or  iron  and  dilute  sulphuric  acid.  Its  use  is  now 
superseded  by  that  of  coal-gas,  which  may  be  made  very  light  by  employ- 
ing a  high  temperature  in  the  manufacture.  Although  far  inferior  to  pure 
hydrogen  in  buoyant  power,  it  is  found  in  practice  to  possess  advantages 
over  that  substance,  while  its  greater  density  is  easily  compensated  by  in- 
creasing the  magnitude  of  the  balloon. 

There  is  a  very  remarkable  property  possessed  by  gases  and  vapors  in 
general,  which  is  seen  in  a  high  degree  of  intensity  in  the  case  of  hydrogen ; 
this  is  what  is  called  difftutive  power.  If  two  bottles  containing  gases  which 
do  not  act  chemically  upon  each  other  at  common  temperatures  be  connected 
by  a  narrow  tube  and  left  for  some  time,  the  gases  will  be  found,  at  the  ex- 
piration of  a  certain  period,  depending  much  upon  the  narrowness  of  the 
tube  and  its  length,  uniformly  mixed,  even  though  they  differ  greatly  in 
density,  and  the  system  has  been  arranged  in  a  vertical  position,  with  the 
heavier  gas  downwards.  Oxygen  and  hydrogen  can  thus  be  made  to  mix, 
in  a  few  hours,  against  the  action  of  gravity,  through  a  tube  a  yard  in 

•  Ann.Ohlm.  Phys.,  3d  sorioii.  Till.  201. 

t  A<  a  near  approxlroiitioii,  it  may  be  remembered  that  a  litre  of  hydnogen  weighs  0O9  gram, 
or  9  centigrams,  and  a  gram  of  hydrogen  occupies  11*1  Iitre«. 
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length,  and  not  more  than  one  quarter  of  an  inch  in  diameter :  and  the  fact 
is  true  of  all  other  gases  which  are  destitute  of  direct  action  upon  each 
other. 

If  a  vessel  be  divided  into  two  portions  by  a  diaphragm  or  partition  of 
porous  earthenware  or  dry  plaster  of  Paris,  and  each  hafi  filled  with  a  dif- 
ferent gas,  diffusion  will  immediately  commence  through  the  pores  of  the 
dividing  substance*  and  will  continue  until  perfect  mixture  has  taken  place. 
All  gases,  however,  do  not  permeate  the  same  porous  body,  or,  in  other 
words,  do  not  pass  through  narrow  orifices  with  the  same  degree  of  facility. 
Professor  Graham,  to  whom  we  are  indebted  for  a  very  valuable  investiga- 
tion of  this  interesting  subject,  has  established  the  existence  of  a  very 
simple  relation  between  the  rapidity  of  diffusion  and  the  density  of  the  gas, 
which  is  expressed  by  saying  that  the  diffusive  power  varies  inversely  as 
the  square  root  of  the  density  of  the  gas  itself.  Thus,  in  the  experiment 
supposed,  if  one  half  of  the  vessel  be  filled  with  hydrogen  and  the  other 
half  with  oxygen,  the  two  gases  will  penetrate  the  diaphragm  at  very  dif- 
ferent rates ;  four  cubio  inches  of  hydrogen  will  pass  into  the  oxygen  side, 
while  one  cubic  inch  of  oxygen  travels  in  the  opposite  direction.  The  den- 
sities of  the  two  gases  are  to  each  other  in  the  proportion  of  1  to  16 ;  their 
relative  rates  of  diffusion  will  be  inversely  as  the  square  roots  of  these 
numbers,  t.  «.,  as  4  to  1. 

In  order,  however,  that  this  law  may  be  accurately  observed,  it  is  neces- 
sary that  the  porous  plate  be  very  thin ;  with  plates  of  stucco  an  inch  thick 
or  more,  which  really  consist  of  a  congeries  of  long  capillary  tubes,  a  dif- 
ferent law  of  diffusion  is  observed.*  An  excellent  material  for  diffusion 
experiments  is  the  artificially  compressed  graphite  of  Mr.  Brockedon,  of  the 
quality  used  for  making  writing- pencils.  It  may  be  reduced  by  cutting  and 
grinding  to  the  thickness  of  a  wafer,  but  still  retains  considerable  tenacity. 
The  pores  of  this  substance  appear  to  be  so  small  as  entirely  to  prevent  the 
transmission  of  gases  in  mass,  so  that,  to  use  the  language  of  Mr.  Graham, 
it  acts  like  a  molecular  sieve,  allowing  only  molecules  to  pass  through. 

The  simplest  and  most  striking  method  of  exhibiting  the 
Fig.  W.  phenomenon  of  diffusion  is  by  the  use  of  Graham's  diffu- 

sion-tube. This  is  merely  a  piece  of  wide  glass  tube  ten  or 
twelve  inches  long,  having  one  of  its  extremities  closed  by 
a  plate  of  plaster  of  Paris  about  half  an  inch  thick,  and 
well  dried.  When  the  tube  is  filled  by  displacement  with 
hydrogen,  and  then  set  upright  in  a  glass  of  water,  the 
level  of  the  liquid  rises  in  the  tube  so  rapidly,  that  its 
movement  is  apparent  to  the  eye,  and  speedily  attains  a 
height  of  several  inches  above  the  water  in  the  glass.  The 
gas  is  actually  rarefied  by  its  superior  diffusive  power  over 
that  of  the  external  air. 

It  is  impossible  to  over-estimate  the  importance  in  the 
economy  of  Nature  of  this  very  curious  law  affecting  the 
constitution  of  gaseous  bodies :  it  is  the  principal  means 
by.  which  the  atmosphere  is  preserved  in  a  uniform  state, 
and  the  accumulation  of  poisonous  gases  and  exhalations 
in  towns  and  other  confine<l  localities  prevented. 
A  partial  separation  of  gases  and  vapors  of  unequal  diffusibility  may  be 
effected  by  allowing  the  mixture  to  permeate  through  a  plate  of  graphite  or 
porous  earthenware  into  a  vacuum.  This  effect,  called  atmolymy  is  best  ex- 
hibited by  means  of  an  instrument  called  the  tube-atmoli/ser.  This  is  simply 
a  narrow  tube  of  unglazed  earthenware,  such  as  a  tobacco-pipe  stem,  two 
feet  long,  which  is  placed  within  a  shorter  tube  of  glass,  and  secured  in  its 

•  See  BiinHen's  OaMOmetry.  p.  203;  OmhAni*H  Blementfl  of  Cheratetry,  2(1  ed.,  ii.  624 ;  W«tta'f 
Dictionary  of  ChemiHtry,  ii.  815. 
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position  by  corkB.  The  glass  tube  is  connected  with  an  air-pump,  and  the 
annular  space  between  the  two  tubes  is  made  as  nearly  vacuous  as  possible. 
Air  or  other  mixed  gas  is  then  allowed  to  flow  along  the  clay  tube  in  a  slow 
stream,  and  collected  as  it  issues.  The  gas  or  air  atmolysed  is,  of  course, 
reduced  in  Tolume,  much  gas  penetrating  through  the  pores  of  the  clay 
tube  into  the  air-pump  yacuum,  and  the  lighter  gas  diffusing  the  more  rap- 
idly, so  that  the  proportion  of  the  denser  constituent  is  increased  in  the  gas 
collected.  In  one  experiment,  the  proportion  of  oxygen  in  the  air,  after 
traversing  the  atmolyser,  was  increased  from  20*8  per  cent.,  which  is  the 
normal  proportion,  to  24*5  per  cent.  With  a  mixture  of  oxygen  and  hy- 
drogen, the  separation  is,  of  course,  still  more  considerable.* 

A  distinction  must  be  carefully  drawn  between  real  diffusion  through  small 
apertures,  and  the  apparently  similar  passage  of  gases  through  membran- 
ous diaphragms,  such  as  caoutchouc,  bladder,  gold-beater's  skin,  etc.  In 
this  mode  of  passage,  which  is  called  osTnose,  the  rate  of  interchange  de- 
pends partly  on  the  relatiye  diffusibilities  of  the  gases,  partly  on  the  differ- 
ent degrees  of  adhesion  exerted  by  the  membrane  on  the  different  gases, 
bj  Tirtue  of  which  the  gas  which  adheres  most  powerfully  penetrates  the 
diaphragm  most  easily  and,  attaining  the  opposite  surface,  mixes  with  the 
oUier.  A  sheet  of  caoutchouc  tied  over  the  mouth  of  a  wide-mouthed 
bottle  filled  with  hydrogen,  is  soon  pressed  inwards,  even  to  bursting.  -If 
the  bottle  be  filled  with  air,  and  placed  in  an  atmosphere  of  hydrogen, 
the  swelling  and  bursting  takes  place  outwards.  If  the  membrane  is  moist, 
the  result  is  likewise  affected  by  the  different  solubilities  of  the  gases  in  the 
water  or  other  liquid  which  vreis  it.  For  e^Lample,  the  diffusive  power  of 
carbonic  acid  into  atmospheric  air  is  very  small,  but  it  passes  into  the  latter 
through  a  wet  bladder  with  the  utmost  ease,  in  virtue  of  its  solubility  in  the 
water  with  which  the  membrane  is  moistened.  It  is  by  such  a  process  that 
the  function  of  respiration  is  performed ;  the  aeration  of  the  blood  in  the 
lungs,  and  the  disengagement  of  the  carbonic  acid,  are  effected  through 
wet  membranes ;  the  blood  is  never  brought  into  actual  contact  with  the 
air,  but  receives  its  supply  of  oxygen,  and  disembarrasses  itself  of  carbonic 
acid,  by  this  kind  of  spurious  diffusion. 

The  high  diffusive  power  of  hydrogen  against  air  renders  it  impossible  to 
retain  that  gas  for  any  length  of  time  in  a  bladder  or  caoutchouc  bag ;  it  is 
eren  unsafe  to  keep  it  long  in  a  gas-holder,  lest  it  should  become  mixed 
with  air  by  slight  accidental  leakage,  and  rendered  explosive. 

The  passage  of  gases  through  membranes  like  caoutchouc  or  varnished 
silk,  as  well  as  through  wet  membranes  like  bladder,  appears  to  depend 
upon  an  actual  liquefaction  of  the  gases,  which  then  become  capable  of  pen- 
etrating the  substance  of  the  membrane  (as  ether  and  naphtha  do),  and  may 
again  evaporate  on  the  surface  and  appear  as  gases.  The  unequal  absorp- 
tion of  gases  in  this  manner  often  effects  a  much  more  complete  separation 
of  the  components  of  a  gaseous  mixture  than  can  be  attained  by  the  atmo- 
lytic  method  above  described.  Thus,  Graham  has  shown  that  oxygen  is  ab- 
Btifbed  and  condensed  by  caoutchouc  two-aad-a>half  times  more  abundantly 
than  nitrogen,  and  that  when  one  side  of  a  caoutchouc  film  is  freely  ex- 
posed to  the  air,  while  a  vacuum  is  produced  on  the  other  side,  the  film 
allows  41*6  per  cent,  of  oxygen  to  pass  through,  instead  of  21  per  cent, 
usually  present  in  the  air,  so  that  the  air  which  passes  through  is  capable  of 
rekindling  wood  burning  without  flame. 

Even  metals  appear  to  possess  this  power  of  absorbing  and  liquefying 
gases.  Deville  and  Troost  have  observed  the  remarkable  fact  that  hydrogen 
g&s  is  capable  of  penetrating  platinum  and  iron  tubes  at  a  red  heat,  and 
Oraham  is  of  opinion  that  this  effect  may  be  connected  with  a  power  resi- 
dent in  these  and  certain  other  metals  to  absorb  and  liquefy  hydrogen, 
possibly  in  its  character  as  a  metallic  vapor.     Platinum  in  the  form  of 

*  Gnhiun,  Phil.  Trane.  186a 
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wire  or  plate,  at  a  low  red  heat,  can  take  up  3*8  yolumes  of  hydrogen 
measured  cold,  and  palladium  foil  condenses  as  much  as  643  times  its  to1> 
ume  of  hydrogen  at  a  temperature  below  100°  C.  In  the  form  of  sponge, 
platinum  absorbed  1-48  times  its  yolume  of  hydrogen,  and  palladium  90 
volumes.     This  absorption  of  gases  by  metals  is  called  oeeluawn* 

The  meteoric  iron  of  Lenarto  contains  a  considerable  quantity  of  oc- 
cluded hydrogen.  When  placed  in  a  good  yacanm,  it  yields  2*85  times  its 
Tolume  of  gas,  of  which  85*68  per  cent,  consist  of  hydrogen,  with  4.*46 
carbon  monoxide  and  9-86  nitrogen.  Now,  hydrogen  has  been  recogniied 
by  spectrum  analysis  in  the  light  of  the  fixed  stars,  and  constitutes,  ac- 
cording to  the  obseryations  of  father  Secchi,  the  principal  element  in  the 
atmosphere  of  a  numerous  class  of  stars.  "  The  iron  of  Lenarto,"  says 
Mr.  Graham,  "has,  no  doubt,  come  from  such  an  atmosphere,  in  which 
hydrogen  greatly  preyailed.  This  meteorite  may  be  looked  upon  as  holding 
imprisoned  within  it,  and  bringing  to  us,  the  hydrogen  of  the  stars."  f 

The  rates  of  effusion  of  gases,  that  is  to  say,  their  rates  of  passage 
through  a  minute  aperture  in  a  thin  plate  of  metal  or  other  substance  info 
a  yacuum,  follow  the  same  law  as  their  rates  of  diffusion,  that  is  to  say, 
they  are  inyersely  as  the  square  roots  of  the  densities  of  the  gases.  Ney«r- 
theless,  the  phenomena  of  diffusion  and  effusion  are  essentially  different  in 
their  nature,  the  effusive  movement  affecting  masses  of  a  gas,  whereas  the 
diffusive  movement  affects  only  molecules;  and  a  gas  is  usually  carried  by 
the  former  kind  of  impulse  with  a  velocity  many  thousand  times  greater 
than  by  the  latter.  Mixed  gases  are  effused  at  the  same  rates  as  one  gas 
of  the  actual  density  of  the  mixture :  and  no  separation  of  the  gases  oc- 
curs, as  in  diffusion  into  a  vacuum. 

The  law  of  effusion  just  stated  is  true  only  under  the  condition  that  the 
gas  shall  pass  through  a  minute  aperture  in  a  very  thin  plate.  If  the  plate 
be  thicker,  so  that  the  aperture  becomes  a  tube,  very  different  rates  of 
efflux  are  observed;  and  when  the  capillary  tube  becomes  considerably 
elongated,  so  that  its  length  exceeds  its  diameter  at  least  400  times,  the  rates 
of  flow  of  different  gases  into  a  vacuum  again  assume  a  constant  ratio  to 
each  other,  following,  however,  a  law  totally  distinct  from  that  of  effusion. 
The  principal  general  results  observed  with  relation  to  this  phenomenon  of 
"Capillary  Transpiration"  are  as  follows:  — 

1.  The  rate  of  transpiration  of  the  same  gas  increases,  eateris  paribus, 
directly  as  the  pressure:  in  other  words,  equal  volumes  of  gas  at  different 
densities  require  times  inversely  proportional  to  their  densities.  2.  With 
tubes  of  equal  diameter,  the  volume  transpired  in  equal  times  is  inversely 
as  the  length  of  the  tube.  8.  As  the  temperature  rises,  the  transpiration 
of  equal  volumes  becomes  slower.  4.  The  rates  of  transpiration  of  different 
gases  bear  a  constant  relation  to  each  other,  totally  independent  of  their 
densities,  or.  indeed,  of  any  known  property  of  the  gases.  Equal  wf^hts 
of  oxygen,  nitrogen,  and  carbon  monoxide  are  transpired  in  equal  times; 
so  likewise  are  equal  weights  of  nitrogen,  nitrogen  dioxide,  and  carbon  mon- 
oxide ;  and  of  hydrogen  chloride,  carbon  dioxide,  and  nitrogen  monoxide. { 

COMBINATION  OP   UYDROQEN  WITH  OXYGEN. 

It  has  been  already  stated  that,  although  the  light  emitted  by  the  flame 
of  pure  hydrogen  is  exceedingly  feeble,  yet  the  temperature  of  the  flame  is 
very  high.  The  temperature  may  be  still  ftirther  exalted  by  previously 
mixing  the  hydrogen  with  as  much  oxygen  as  it  requires  for  combination, 

*  Graham.  Phil.  Trnnji.  1^66 ;  Jonmnl  of  the  Chemical  Sor:iety,  [2J  t.  235. 
■  Proce«<Un(?B  of  the  Royal  Society,  xv.  .^02 
Graham,  Phil.  Trans.  1846,  p.  691 ;  and  l^^lli.  p.  349 ;  also  Element*  of  Chemistry,  2d  ed.  I.  SS. 
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that  is,  as  will  presently  be  seen,  with  half  its  Tolume.  Such  a  mixture 
bums  like  gunpowder,  independently  of  the  external  air.  When  raised  to 
the  temperature  required  for  cooibiuation,  the  two  gases  unite  with  explo- 
sire  Tiolence.  If  a  strong  bottle,  holding  not  more  than  half  a  pint,  be 
filled  with  such  a  mixture,  the  introduction  of  a  lighted  match  or  red-hot 
wire  determines  in  a  moment  the  union  of  the  gases.  By  certain  precau- 
tions, a  mixture  of  oxygen  and  hydrogen  can  be  burned  at  a  jet  without 
communication  of  fire  to  the  contents  of  the  vessel;  the  flame  is  in  this  case 
toUd 

A  little  consideration  will  show,  that  all  ordinary  flames  burning  in  the 
air  ur  in  pure  oxygen  are,  of  necessity,  hollow.  The  act  of  combustion  is 
nothing  more  than  the  energetic  union  of  the  substance  burned  with  the 
surrounding  oxygen;  and  this  union  can  take  place  only  at  the  surface  of 
the  burning  body.  Such  is  not  the  case,  howeyer,  with  the  flame  now 
under  consideration ;  the  combustible  and  the  oxygen  are  already  mixed, 
and  only  require  to  have  their  temperature  a  little  raised  to  cause  them  to 
combine  in  every  part.  The  flame  so  produced  is  very  different  in  physical 
characters  from  that  of  a  simple  jet  of  hydrogen  or  any  other  combustible 
gas;  it  is  long  and  pointed,  and  very  remarkable  in  appearance. 

The  safety-jet  of  Mr.  Hemming,  the  construction  of  which  involves  a 
principle  not  yet  discussed,  may  be  adapted  to  a  common  bladder  contain- 
ing the  mixture,  and  held  Under  the  arm,  and  the  gas  forced  through  the 
jet  by  a  little  pressure.  Although  this  jet,  properly  constructed,  is  believed 
to  be  safe,  it  is  best  to  use  nothing  stronger  than  a  bladder,  for  fear  of  in- 
jury in  the  event  of  an  explosion.  The  gases  are  often  contained  in  sepa- 
rate reservoirs,  a  pair  of  large  gas-hoMers,  for  example,  and  only  suffered 
to  mix  in  the  jet  itself,  as  in  the  contrivance  of  Professor  Daniell:  in  this 
way  ail  danger  is  avoided.  The  eye  speedily  becomes  accustomed  to  the 
peculiar  appearance  of  the  true  hydro-oxygen  flame,  so  as  to  permit  the 
supply  of  each  gas  to  be  exactly  regulated  by  suitable  stop-cocks  attached 
to  the  jet  (fig.  98). 
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A  piece  of  thick  platinum  wire  introduced  into  the  flnme  of  the  hydro- 
oxygen  blowpipe  melts  with  the  greatest  ease;  a  watch-spring  or  small 
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Bteel  file  burns  with  the  utmost  brilliancy,  throwing  off  showers  of  beantiftil 
sparks ;  an  incombustible  oxidized  body,  as  magnesia  or  lime,  becomes  so 
intensely  ignited  as  to  glow  with  a  light  insupportable  to  the  eye,  and  to 
be  susceptible  of  employment  as  a  most  powerful  illuminator,  as  a  sub- 
stitute for  the  sun's  rays  in  the  solar  microscope,  and  for  night-signals  in 
trigonometrical  survt^ys. 

If  a  long  glass  tube,  open  at  both  ends,  be  held  over  a  jet  of  hydroges 
(fig.  99),  a  series  of  musical  sounds  are  sometimes  produced  by  the  partial 
extinction  and  rekindling  of  the  flame  by  the  ascending  current  of  air. 

These  little  explosions  succeed  each  other  at  regular  interyals,  and  so 
rapidly  as  to  give  rise  to  a  musical  note,  the  pitch  depending  chiefly  upon 
the  length  and  diameter  of  the  tube. 

Although  oxygen  and  hydrogen  may  be  kept  mixed  at  common  tempera- 
tures for  any  length  of  time,  without  combination  taking  place,  yet,  under 
particular  circumstances,  they  unite  quietly  and  without  explosion.  Many 
years  ago,  Professor  Dobereiner,  of  Jena,  made  the  curious  obserration, 
that  finely  divided  platinum  possessed  the  power  of  determining  the  union 
of  the  gases;  and,  more  recently,  Mr.  Faraday  has  shown  that  the  state  of 
minute  division  is  by  no  means  indispensable,  since  rolled  plates  of  the 
metal  have  the  same  property,  provided  their  surfaces  are  absolutely  clean. 
Neither  is  the  efiect  strictly  confined  to  platinum;  other  metals,  as  palla- 
dium and  gold,  and  even  stones  and  glass,  exhibit  the  same  property,  al- 
though to  a  far  inferior  degree,  since  they  often  require  to  be  aided  by  a 
little  heat.  When  a  piece  of  platinum-foil,  which  has  been  cleaned  by  hot 
oil  of  vitriol  and  thorough  washing  with  distilled  water,  is  thrust  into  a 
jar  containing  a  mixture  of  oxygen  and  hydrogen  standing  over  water, 
combination  of  the  two  gases  immediately  begins,  and  the  level  of  the  water 
rapidly  rises,  while  the  platinum  becomtfs  so  hot  that  drops  of  water  acci- 
dentally falling  upon  it  enter  into  ebullition.  If  the  metal  be  very  thin  and 
exceedingly  clean,  and  the  gases  very  pure,  its  temperature  rises  after  a 
time  to  actual  redness,  and  the  residue  of  the  mixture  explodes.  But  this 
is  an  effect  altogether  accidental,  and  dependent  upon  the  high  temperature 
of  the  platinum,  which  high  temperature  has  been  produced  by  the  pre- 
ceding quiet  combination  of  the  two  bodies.  When  the  platinum  is  reduced 
to  a  state  of  minute  division,  and  its  surface  thereby  much  extended,  it  be- 
comes immediately  red-hot  in  a  mixture  of  h^drogm  and  oxygen,  or  hydro- 
gen and  air;  a  jet  of  hydrogen  thrown  upon  a  little  of  the  spongy  metal, 
contained  in  a  glass  or  capsule,  is  at  once  kindled,  and  on  this  principle 
machines  for  the  production  of  instantaneous  light  have  been  constructed. 

These,  however,  act  well  only  when  constantly  used ;  the  spongy  plati- 
num is  apt  to  become  damp  by  absorption  of  moisture  from  the  air,  and  its 
power  is  then  fur  the  time  lost. 

The  best  explanation  that  can  be  given  of  these  curious  effects  is  to  sup- 
pose that  solid  bodies  in  general  have,  to  a  greater  or  less  extent,  the  prop- 
erty of  condensing  gases  upon  their  surfaces,  or  even  liquefying  them  (as 
shown  p.  139),  and  that  this  faculty  is  exhibited  preeminently  by  certain 
of  the  non-oxidizable  metals,  as  platinum  and  gold.  Oxygen  and  hydrogen 
may  thus,  under  these  circumstances,  be  brought,  as  it  were,  within  the 
sphere  of  their  mutual  attractions  by  a  temporary  increase  of  density, 
whereupon  combination  ensues. 

Coal-gas  and  ether  or  alcohol  vapor  may  be  made  to  exhibit  the  phenom- 
enon of  quiet  oxidation  under  the  influence  of  this  remarkable  surface-ac- 
tion. A  close  spiral  of  slen«ler  platinum  wire,  a  roll  of  thin  foil,  or  even  a 
common  platinum  crucible,  heated  to  dull  redness,  and  then  held  in  a  jet  of 
coal-gas,  becomes  strongly  ignited,  and  remains  in  ihat  state  as  long  as  the 
supply  of  mixed  gas  and  air  is  kept  up,  the  temperature  being  maintained 
by  the  heat  disengaged  in  the  act  of  union.  Sometimes  the  metal  becomes 
white-hot,  and  then  the  gas  takes  fire. 
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A  Tcrj  pI«airiaK  eiperiment  may  be  made  by  attaching  luoh  &  eoU  of  irire 
lo  B  cord,  ftnd  suspending  it  in  a  gluB  contaiDing  x  few  drops  of  ether, 
bating  previously  made  it  red-hot  in  the  flame  of  a  spirit- 
Ump.     The  wire  continues  to  glow  until  the  oiygen  of  f^.  luo. 

the  air  ia  eihauated,  giving  rise  lo  the  production  of  an 
irritating  lapor  which  attacks  the  eyes.  Tbe  combustion 
af  tbe  ether  is  in  this  oase  but  partial ;  a  portion  of  ita 
iiydrogen  ia  alone  removed,  and  the  whole  of  tbe  carbon 
lefl  untouched. 

A  coil  of  thin  platinum  wire  may  be  placed  orer  tbe 
wick  of  a  spirit-lamp,  or  a  ball  of  spongy  platinum  sus- 
tained jnat  above  the  cotton  :  on  lighting  the  lamp,  and 
then  blowing  it  out  as  soon  as  the  metal  appears  red-hot, 
alow  combustion  of  the  spirit  drawn  up  bj  the  capillarity 
of  the  wick  will  take  place,  accompanied  by  the  pungent 
vapore  just  tnentioned,  which  may  be  modified,  and  even 
rendered  agreeable,  by  dissolving   in  the  liquid  gome 

Hydrogen  forma  numerous  compounds  with  other  bodiee,  although  it  is 
greatly  surpassed  in  this  respect,  not  only  by  oxygen,  but  by  many  of  the 
other  elemeate.  The  chemical  relations  of  hydrogen  tend  to  place  it  among 
the  melala.  The  great  discrepancy  in  physical  properties  is  perhaps  more 
ipparent  than  real.  Hydrogen  is  not  yet  known  in  the  solid  ntatc,  while, 
on  the  other  hand,  the  vapor  of  the  metal  mercury  is  as  transparent  and 
coIortesB  as  hydrogen  itself.  This  vapor  is  only  about  seven  times  heavier 
than  atmospheric  air,  so  that  the  difference  in  this  respect  is  not  nearly  ao 
great  as  that  in  the  other  direction  between  air  aod  hydrogen. 

There  are  two  oxides  of  hydrogen  —  namely,  tPO/rr.  and  a  very  peculiar 
substance,   disoovered  in   the  year    1818    by   M.   Th^nard,  called  hydrogen 

It  appears  that  the  composition  of  water  was  first  demonstratpd  in  the 
year  ITHI  by  Cavendish;*  but  the  discovery  of  the  exact  proportions  in 
which  oxygen  and  hydrogen  unite  in  generating  that  most  important  com- 
pound baa,  from  time  to  time  to  tbe  present  day,  occupied  the  attention  of 
■ome  of  the  most  distinguished  eultivators  of  chemical 
Kience.     There  are  two  distinct  methods  of  research  in  Fig.llll. 

chemistry — the  analytical,  or  that  in  which  the  com- 
pound ia  resolved  into  its  elements,  and  the  lyjillutieal, 
in  which  the  elements  are  made  to  unite  and  produce 
the  compound.  Tbe  first  method  is  of  much  more  gen- 
eral application  than  the  second  :  but  in  this  particular 
instance  both  may  be  employed,  although  the  results  of 
the  synthesis  are  the  more  valuable. 

The  decomposition  of  water  may  be  effected  by  voltaic 
electricity.  When  water  is  acidulated  so  as  lo  render  it 
\  canductor,f  and  a  portion  interposed  between  a  pair 
of  platinum  plates  connected  with  the  extremities  of  a 
•ollaie  apparatus  of  moderate  power,  decomposition  of       -  f 

the  liquid  takes  place  in  a  very  interesting  manner ;  oxy- 
gen, in  a  state  of  perfect  purity,  is  evolved  from  the  wa- 
ter in  contact  with  the  plate  belonging  to  the  copper  end 
ef  the  battery,  and  hydrogen,  equally  pure,  is  disengaged  al  the  plate  Con- 

•  *  elHlki  (o  thp  4l"cov-.ry  nf  Iha  roni]7twitlon  of  wftfer.on  l»half  of  James  Walt,  has  h<rt-Q 
»'rj  KtniTiglj  urffsl,  ^ml  iiu|j|riir1«<]  hy  nu-h  e»l<1tincp  thut  the  rewler  of  Iha  eonlru'emy  may 
W  \rd  lo  The  ronclnelon  Ibal  the  fllscovfTj  wm  made  by  both  Hrllee,  nearly  AimnlunvioQiflj, 
*»1vBknoaii  loeutiotbH'.    3h  ibeuth:lo''au,"  lij  Dr.  Puil.fn  WUM'a  DieUonuty  of  CliHu- 

t  fl««  tbfr  «ectioii  on  "  Klvclxtxtaemlcal  DBL-ompovllloi].'' 
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Fig.  102. 
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nected  with  the  sine  extremity,  the  middle  portions  of  liqoid  remaining  ap- 
parently unaltered.  By  placing  small  graduated  jars  over  the  platinum 
plates,  the.  gases  can  be  collected,  and  their  quantities  determined.  The 
whole  arrangement  is  shown  in  fig.  101 ;  the  conducting  wires  pass  through 
the  bottom  of  the  glass  cup,  and  away  to  the  battery. 

When  this  experiment  has  been  continued  a  sufficient  time,  it  will  be 
found  that  the  Tolume  of  the  hydrogen  is  a  very  little  above  twice  that  of 
the  oxygen :  were  it  not  for  the  accidental  circumstance  of  oxygen  being 
sensibly  more  soluble  in  water  than  hydrogen,  the  proportion  of  two  to 
one  by  measure  would  come  out  exactly. 

Water,  as  Mr.  Grove  has  shown,  is  likewise  decomposed  into  its  constit- 
uents by  heat.      The  elTect  is  produced  by  introducing  platinum  balls, 

ignited  by  electricity  or  other  means,  into  water  or  steam. 
The  two  gases  are  obtained  in  very  small  quantities  at  a 
time. 

When  oxygen  and  hydrogen,  both  as  pure  as  possible,  are 
mixed  in  the  proportions  mentioned,  passed  into  a  strong 
glass  tube  standing  over  mercury,  and  exploded  by  the  elec- 
tric spark,  all  the  mixture  disappears,  and  the  mercury  is 
forced  up  into  the  tube,  filling  it  completely.     The  same 
experiment  may  be  made  with  the  explosion-vessel  or  eudi- 
ometer of  Cavendish  (fig.  102^.    The  instrument  is  exhausted 
at  the  air-pump,  and  then  filled  from  a  capped  jar  with  the 
mixed  gases;    on  passing  an  electric  spark  by  the  wires 
shown  at  a,  Explosion  ensues,  and  the  glass  becomes  bedewed 
with  moisture;  and  if  the  stop-cock  be  then  opened  under 
water,  the  latter  will  rush  in   and  fill  the  vessel,  lesTijig 
merely  a  bubble  of  air,  the  result  of  imperfect  exhaustion. 
The  process  upon  which  most  reliance  is  placed,  is  that  in 
which  pure  copper  oxide  is  reduced  at  a  red-heat  by  hy- 
drogen, and  the  water  so  formed  is  collected  and  weighed. 
This  oxide  suffers  no  change  by  heat  alone,  but  the  momen- 
tary contact  of  hydrogen,  or  any  common  combustible  mat- 
ter, at  a  high  temperature,  suffices  to  reduce  a  corresponding 
portion  to  the  metallic  state.     Fig.  108  will  serve  to  conTey 
some  idea  of  the  arrangement  adopted  in  researches  of  this 
kind. 

A  copious  supply  of  hydrogen  is  procured  by  the  action  | 
of  dilute  sulphuric  acid  upon  the  purest  zinc  that  can  be  | 
obtained ;  the  gas  is  made  to  pass  in  succession  through  fu- 
lutions  of  silver  and  strong  caustic  potash,  by  which  Ua 
purification  is  completed.     After  this  it  is  conducted  through 
a  tube  three  or  four  inches  in  length,  filled  with  fragmcntg. 
of  pumice-stone  steeped  in  concentrated  oil  of  vitriol,  or 
with  anhydrous  phosphoric  acid.     These  substances  have  su 
great  an  attraction  for  aqueous  vapor,  that  they  dry  the  gfls 
completely  during  its  transit.     The  extremity  of  this  tube 
is  shown  at  a.     The  dry  hydrogen  thus  arrives  at  the  part 
of  the  apparatus  containing  the  copper  oxide  represented 
at  b;  this  consists  of  a  two-necked  flask  of  very  hard  white  glass,  main- 
tained at  a  red-heat  by  a  spirit-lamp  placed  beneath.     As  the  decomposition  ^ 
proceeds,  the  water  produced  by  the  reduction  of  the  oxide  begins  to  con- 
dense in  the  second  neck  of  the  flask,  whence  it  drops  into  the  receiTer  «■. 
provided  for  the  purpose.     A  second  desiccating  tube  prevents  the  loss  of 
aqueous  vapor  by  the  current  of  gas  which  passes  in  excess. 

Before  the  experiment  can  be.  commenced,  the  copper  oxide,  the  purit/ 
r  which  is  well  ascertained,  must  be  heated  to  redness  for  some  time  in  a 


J 
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rarrent  of  dry  ur:  it  U  then  raffcred  lo  cool,  tad  (ciy  carHbllj  veiled 
Kith  the  flask.  The  empl;  r«eciTer  and  mcodiI  drying-tube  »r*  *1-*o  writhed, 
iLf  d^wngsgemeDt  of  g»»  set  up,  and  when  ihc  air  has  been  diiplaeod,  heat 


19  BI0WI7  applied  to  tbc  oiide.  The  aelioD  ia  al  fir^l  rerj  enerirelie:  Ihe 
oiidc  oftCD  esbibits  the  appearance  of  ignilion;  but  as  (he  decompo^itjoB 
praeceda.  it  becomes  more  gluggish.  and  requirei  the  appUcalioD  ot  a  eon- 
iidenble  hc»t  to  effe«t  its  completion. 

When  the  process  is  at  an  end.  and  Ihe  apparatus  perfeetl;  cool.  Ihe 
Rrearn  of  gas  is  diMODtinned,  dr;  air  is  drawn  through  Ihe  whole  amn^ 
meat,  and,  lastly,  the  parts  are  disconnected  and  rcweighed.  The  low  of 
ibe  copper  oxide  giies  the  oiygen:  the  gain  of  the  rrceiTer  and  in 
dijing-lnbe  indicates  the  water;  and  the  difference  beltreen  the  two. 
the  hydrogen. 

A  set  of  experiments,  made  in  Paris  in  the  year  1820.'  by  Dulong  and 
Benelins.  gave  as  a  mean  result,  for  Ihe  compmition  of  wutr  by  weight, 
8-009  parts  oxygen  lo  I  part  hydrogen:  numbers  so  nearly  in  the  proponioa 
of  S  lo  1.  that  the  tatter  baie  usually  been  assumed  lo  be  true. 

Uort  recently  the  subject  has  been  re inTesti gated  bf  Ihima.a.f  viih  ihe 
noM  scrupulous  precision,  and  the  abore  supposition  fnllT  confirme^i.    The 

composition  of  water  may  therefore  be  considered  as  esiahli.ihed ;  ii  e^.n. 

tiina  by  weight  g  parls  oxygen  to  1  part  hydrogen,  and  by  mfmire.  1  lal- 

Hue  oxygen  to  2  votames  hydrogen.      The  densitiea  of  the  gases,  as  mln»-lj 

aeaWoatd,  correspond  Tery  closely  with  Ibeae  results. 
The  physical  properties  of  water  are  loo  well  known  lo  nerd  leDgthrned 

dcMriplion ;  it  is,  when  pure,  colorless  and  Iransparenl.  de«tirure  of  la'ie 

and  odor,  and  an  exceedingly  bad  conduelor  of  electricity  of  Inn  iFn*:..a 

It  Btluns  its  greatest  density  lowania  4-5°  C.  (40°  F.  |.  freeiefi  »  i>=  C     '.'•« 

F.).{  and  boils  under  the  ordinary  atmospheric  pressure  at  or  near  1'^^  r 

{21'»  P.),     It  CTaporatea  at  all  temperatures. 
The  weight  of  a  cubic  centimetre  of  water  at   Ihe  maximum  den-i'T  i« 

fhosen  as  the  unit  of  weight  of  Ihs  metrical  system,  and  called  a  yri,,  - 

cotmequently  a  Mire  or  cubic  decimetre  =  100  cubic  eenlimeirea  of  was^r 

It  the  same  temperature,  weighs  1000  (rrams,  or  1  kilogram. 
A  cubic  inch  of  water  at  le-T"  C.  "■■'"  " 

ton!  weighs  nearly  1000  ounces  sToii 

70.000  grains,  or  10  lbs.  aToirdupois 

To  an  ordinary  ohserrations.  it  is 

nents  have  ne*ertheleBS  shown  that 

Ihe  power  employed  is  lery  great,  t 

tphere  of  pressure  being  about  51-ii 
Clear  water,  although  colorless  in 

vhen  viewed  in  mass.     This  is  seei 
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ocean,  and  perhaps  in  a  still  more  beautiful  manner  in  the  lakes  of  Swiiaer- 
land  and  other  Alpine  countries,  and  in  the  rivers  which  issue  from  them, 
the  slightest  admixture  of  mud  or  suspended  impurity  destroying  the  elTeet. 
The  same  magnificent  color  is  visible  in  the  fissures  and  carerns  found  in  the 
ice  of  the  glaciers,  which  is  usually  extremely  pure  and  transparent  within, 
although  foul  upon  the  surface. 

The  specific  gravity  of  steam  or  vapor  of  water  is  found  by  experiment 
to  be  0't}2d,  compared  with  air  at  the  same  temperature  and  pressure,  or  9 
as  compared  with  hydrogen.     Now,  it  has  been  already  shown  that  water 
is  composed  of  two  volumes  of  hydrogen  and  one  volume  of  oxygen ;  and 
if  the  weight  of  one  volume  of  hydrogen  be  taken  as  unity,  that  of  two 
volumes  hydrogen  (si  2)  and  one  volume  oxygen  (=  16)  will  together  make 
18,  which  is  the  weight  of  two  volumes  of  water-vapor.     Consequently 
water  in  the  ttate  of  vapor  eonmste  of  two  volumee  of  hydrogen  and  one  volume  of 
oxygen  condensed  into  two  volume:    A  method  of  demonstrating  this  important 
fact  by  direct  experiment  has  been  devised  by  Dr.  Hofmann.     It  consists  in 
exploding  a  mixture  of  two  volumes  hydrogen  and  one  volume  oxygen,  by 
the  electric  spark,  in  a  eudiometer  tube  enclosed  in  an  atmosphere  of  the 
vapor  of  a  liquid  (amylic  alcohol^  which  boils  at  a  temperature  considerably 
above  that  of  boiling  water,  so  tliat  the  water  produced  by  the  combination 
of  the  gases  remains  in  the  state  of  vapor  instead  of  at  once  condensing  to 
the  liquid  form.     It  is  then  seen  that  the  three  volumes  of  mixed  gas  are 
reduced  after  the  explosion  to  two  volumes.* 

Water  seldom  or  never  occurs  in  nature  in  a  state  of  perfect  purity:  even 
the  rain  which  falls  in  the  open  country  contains  a  trace  of  ammoniacal 
salt,  while  rivers  and  springs  are  invariably  contaminated  to  a  greater  or 
less  extent  with  soluble  matters,  saline  and  organic.  Simple  filtration 
through  a  porous  stone  or  a  bed  of  sand  will  separate  suspended  impurities, 
but  distillation  alone  will  free  the  liquid  from  those  which  are  dissolved. 
In  the  preparation  of  distilled  water,  which  is  an  article  of  large  consump- 
tion in  the  scientific  laboratory,  it  is  proper  to  reject  the  first  portions 
which  pass  over,  and  to  avoid  carrying  the  distillation  to  dryness.  The 
process  may  be  conducted  in  a  metal  still  furnished  with  a  worm  or  condenser 
'of  silver  or  tin ;  lead  must  not  be  used. 

The  ocean  is  the  great  recipient  of  the  saline  matter  carried  down  by  the 
rivers  which  drain  the  land :  hence  the  vast  accumulation  of  salts.  The 
following  table  will  serve  to  convey  an  idea  of  the  ordinary  composition  of 
sea-water;  the  analysis  is  by  Dr.  Schweitzer,  f  of  Brighton,  the  water  being 
that  of  the  British  Channel: 


1000  grains  contained — 

Water 

• 

• 

.      964-746 

Sodium  Chloride 

• 

•                         • 

27  059 

Potassium  Chloride 

• 

• 

0-766 

Magnesium  Chloride 

• 

•                         • 

8-666 

Magnesium  Bromide 

• 

• 

0029 

Magnesium  Sulphate 

• 

•                         • 

2-296 

Calcium  Sulphate    . 

• 

■ 

1-406 

Calcium  Carbonate 

• 

•                         • 

0038 

Traces  of  Iodine  and 

Am 

moi 

liacal  salt 

•    • 

1000-000 

Its  specific  gravity  was  found  to  be  1-0274  at  16-5  C.  (60**  F.). 
Sea-water  is  liable  to  variations  of  density  and  composition  by  the  infla< 

•  Tor  a  description  of  the  npparatuB,  tee  Ilotbiann'a  '*  Modern  Chemletry  **  (1866X  p.  51. 
f  Philosophical  Magazine,  July,  1*^39. 
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p[ic«  of  local  Muaea,  tack  u  th«  proiimil;  of  Urge  rirerB,  or  muaes  of 
melting  ice,  mnd  other  eircumMances. 

Nunrml  springe  are  often  impregnated  to  a  great  extent  with  Roluble 
substances  deriyed  rrotn  the  rocks  they  traversa:  auch  are  the  xarioua 
mineral  waten  scattered  over  Ihe  whole  earth,  and  lo  which  medicinal 
Tirtuea  are  attributed.  Some  of  these  hold  ferrous  oiide  in  solulioa.  and 
arc  efferreaeent  from  carbonic  acid  gas;  others  are  alkaline,  probably  from 
traTersing  rocks  of  Tolcanie  origin  ;  some  eonlain  a  Terj  notable  quantity 
of  iodine  or  bromine.  Their  temperatures,  also,  are  u  Tariable  as  their 
ehenical  nature.  A  tabular  nolioe  of  some  of  the  most  remarkable  of  these 
■atera  will  be  found  in  Ihe  Appendix- 
Water  enters  into  direct  combination  witk  other  bodies,  forming  a  class 
of  compounds  called  hy<h-ttM!  the  action  ib  often  Tery  energelic.  much 
heat  being  evolTed.  as  in  tbs  case  of  Ihe  slaking  of  lime,  which  is  really 
ihe  production  of  a  hydrate  of  that  base.  Somelimes  Ihe  altraction  be- 
tween the  waler  and  the  second  body  is  so  great  thai  the  compound  is  not 
decomposable  by  an;  heat  that  can  be  applied  ;  the  hydrates  of  potash  and 
soda,  and  of  phosphoric  niide,  furnish  eismples.  Oil  of  Tilriol  is  a  hy- 
dnMe  of  aalphuric  oxide,  from  which  the  water  cannot  be  thus  separated. 
Water  Tery  frequently  combines  with  saline  substances  in  a  lees  inti- 
mate manner  tban  that  abOTe  described,  constituting  what  is  called  mfcr 
of  rryitallaation,  from  its  connection  with  the  geometrical  figure  of  the  salt. 
In  this  case  it  is  easily  driien  off  by  Ihe  application  of  heat. 

Lastly,  the  solvent  properties  of  water  far  eieeed  those  of  any  other 
liquid  known.  Among  salts  a  Tery  large  proportion  are  soluble  lo  a  grsater 
or  leaa  extent,  the  solubility  usually  increasing  with  the  temperature,  so 
that  a  hot  saturated  solution  deposits  crystals  on  cooling.  There  are  • 
Ikw  exceptions  to  this  law,  one  of  the  most  remarkable  of  which  ia  com- 

Fla-  104.  — ^■ibilLty'/'  SMiin  ^aaparUnf  Walrr. 
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Temperature. 
mon  salt,  the  aolubility  of  which  is  nearly  the  same  at  all  lemperKtures : 
the  hydrate  and  certain  organic  salts  of  calcium,  also,  dissolTe  more  freely 
in  cold  than  in  hot  water. 
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The  diagram  (fig.  104)  exhibits  the  unequal  solubility  of  diJSereBt  Falts 
in  water  of  different  temperatures.     The  Imet  of  BolubiUty  cut  the  Terttc&ls 
raised  from  points  indicating  the  temperatures,  upon  the  lower  horizont  a1 
line,  at  heights  proportioned  to  the  quantities  of  salt  dissolved   by  lOO 
parts  of  water.     The  diagram  shows,  for  example,  that  100  parts  of  water 
dissoWe,  of  pot-assium  sulphate  3  pts.  at  0°  C,  17  pts.  at  60®,  and  26  pts. 
at  100®.     There  are  salts  which,  like  sodium  chloride,  possess,  as  alread^f 
mentioned,  Terj  nearly  the  same  degree  of  solubility  in  wat«r  at  all  tem> 
peratures;  in  others,  like  potassium  sulphate  or  potassium  chloride,  the 
solubility  increases  directly  with  the  increment  of  temperature ;  in  othersy 
again,  like  potaFsium  nitrate  or  potassium  chlorate,  the  solubility  au^> 
ments  much  more  rapidly  than  the  temperature.    The  diagram  exhibits  the 
differences  in  the  deportment  of  these  different  salts  very  conspicuously, 
by  a  straight  horizontal  line,  by  a  straight  inclined  line,  and  lastly  by 
curves,  the  convexity  of  which  is  turned  toward  the  lower  horizontal  Hoe. 

In  the  diagram,  the  solubility  of  salt  is  represented  by  the  quantity  of 
anhydrous  salt  dissolved  by  ]  00  parts  of  water.  This  is,  in  fact,  the  com- 
mon mode  of  stating  the  solubility  of  salts.  It  is  obvious,  however,  that 
salts  containing  water  of  hydration  or  water  of  crystallization  cannot, 
within  certain  limits  of  temperature,  dissolve  in  water  in  the  anhydrous 
state,  but  must  be  dissolved  as  hydrates.  The  solubility  of  a  hydrated  salt 
frequently  differs  very  considerably  from  that  of  the  same  salt  in  the  anhy* 
drous  state.  Again,  many  salts  form  more  than  one  hydrate;  and  these 
several  hydrates  may  also  differ  in  their  solubility.  Sodium  sulphate 
forms  a  peculiar  hydrate,  consisting,  in  100  parts,  of  53  parts  of  anhy- 
drous salt  and  47  parts  of  water,  which  is  obtained  in  crystals,  when  a 
solution  of  sodium  sulphate,  saturated  at  100°  C.  (212®  F.),  is  considerably 
cooled  out  of  contact  with  the  air :  this  hydrate  is  much  more  soluble  than 
Glauber's  salt,  the  other  hydrate  of  sodium  sulphate,  which  differs  from 
the  former  one  in  its  crystalline  form,  and  consists,  in  100  parts,  of  44-2 
parts  of  anhydrous  salt  and  55*8  parts  of  water,  When  a  solution  of 
sodium  sulphate  is  saturated  at  the  boiling-point  of  water,  and  cooled  to 
the  common  temperature  without  depositing  any  crystals,  the  salt  exists  in 
the  form  of  the  more  soluble  hydrate.  This  salt,  when  coming  in  contact 
with  the  dust  of  the  air,  or  with  a  small  crystal  o."  common  Glauber's  salt, 
is  suddenly  transformed  into  the  less  soluble  hydrate,  part  of  which  sepa- 
rates from  the  solution,  in  the  form  of  Glauber's  salt.  From  0®  to  38®  C. 
(32®  to  91®  F.)  sodium  sulphate  dissolves  as  Glauber's  salt,  the  solubility  of 
which  increases  with  the  temperature;  hence  the  rapid  rise  of  the  curve 
representing  the  solubility  of  the  salt  in  the  diagram.  Above  33®  C. 
(91®  F.)  the  hydrate  of  sodium  sulphate  is,  even  in  solution,  decomposed, 
being  more  and  more  thoroughly  converted  into  the  anhydrous  salt  as  the 
temperature  increases.  Sodium  sulphate  appears,  however,  far  less  solu- 
ble in  the  anhydrous  state,  and  hence  the  diminution  of  solubility  of  the 
salt  when  its  solution  is  heated  above  83®  C.  (91®  F.),  which  is  exhibited  by 
the  diagram. 

Liquid  Difftmon.  Diah/sis. — When  a  solution  having  a  sp.  gr.  greater 
than  water  is  introduced  into  a  cylindrical  glass  vessel,  and  then  water  rerj 
cautiously  poured  upon  it,  in  such  a  manner  that  the  two  layers  of  liquid 
remain  unmoved,  the  substance  dissolved  in  the  lower  liquid  will  gradually 
pass  into  the  supernatant  water,  though  the  vessel  may  have  been  left  un- 
disturbed, and  the  temperature  remain  unchanged.  This  gradual  passage 
of  a  dissolved  substance  from  its  original  solution  into  pure  water,  taking 
place  notwithstanding  the  higher  specific  gravity  of  the  substance  which 
opposes  this  passage,  is  called  the  diffusion  of  liquidt.  The  phenomena  of  this 
diffusion  have  been  lately  investigated  by  Mr.  Graham,  who  has  arrived  at 
very  important  results.     Different  substances,  when  in  solution  of  the  same 
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conccnlntion,  and  under  otlier  Bimilar  circumsUnceB.  diffuse  vilh  very 
nocquki  Telocity.  Hjdroohlorio  aoid,  Tor  inaMDoe,  diffuses  with  gresler 
rapidity  lb»a  poMmium  ofaloride,  potusium  obloride  mare  rnpidly  than 
■odium  ebloride,  and  the  laLter.  again,  more  quiolcl;  than  magnesium  sul. 
ptiile :  gelatin,  albumin,  and  oaramel  dilfuae  ver;  slowly,  Uiffuaion  is 
f^nenlly  found  to  take  place  more  rapidly  al  high  Ihan  al  low  tempsraturet. 
IKffusiaD  ia  more  particularly  rapid  wiih  cryatalliied  BubBtances,  though 
not  eielusiTelj.  for  bydrocbloric  acid  and  Hloohal  are  among  the  higbly 
diffuaiTe  bodies.  Diffusion  ia  alov  witb  non-orystalline  bodiea.  whieh,  like 
gelatin,  are  oapable  of  forming  a  Jelly,  Ibough  eien  here  exoeplione  are 
mH  with.  Mr.  Qraham  calls  the  aubatancea  of  great  diffueibility  erytlal- 
loili^  the  snbstancea  of  loir  diffuaibilily  colloid*-  The  unequal  power  of 
diffusion  with  which  different  eubataneea  are  endowed  frequently  f urn i eh ee 
the  means  of  separating  them.  When  water  ia  poured  with  caution,  so  as 
10  prerent  mixing,  upon  a  solution  containing  equal  quantitiea  of  potassium 
chloride  and  sodium  chloride,  the  more  diffusible  potaaaiuro  chloride  travels 
more  rapidly  upwards  than  the  leaa  diffuaible  aodium  chloride,  and  rery 
considerVible  portiona  of  patasaiuin  chloride  will  haTe  reached  the  upper 
Isyen  af  the  water  before  the  aodium  ehloride  has  arrived  there  in  ap- 
preciable quantity.  The  separation  of  rapidly  diffuaible  cryslaUoIds  and 
■lewly  diffusible  colloids  succeeda  still  better. 

&  more  perfect  separation  of  crystalloids  and  colloids  may  be  accom- 
pliahed  in  Uie  following  mnnner :  Mr,  Graham  haa  made  the  important  ob- 
Berration,  that  cerMin  membranea,  and  also  parchment  paper,  when  in 
coDtact,  on  the  one  Hurface,  with  a  solution  containing  a  mixture  of  cryB- 
ulloldal  and  colliflal  su'iatanoea.  and,  on  the  other  surface,  with  pore 
water,  will  permit  the  passage  to  the  water  of  the  crjstallotds.  but  not  of 
tbe  cotloida.  To  carry  out  this  important  mode  of  aeparalion,  which  is  des- 
ignated by  the  term  diali/tii,  the  lower  mouth  of  a  glaaa  veaael,  open  on 
l»ih  aides  (fig.  105),  is  tied  over  with  parchment  paper  placed  upon  an  ap- 
propriate support  (fig.  106),  and  transferred,  together  with  the  latter,  into 
1  larger  Teasel  filled  with  water  (fig.  107);  or  the  veaael  may  be  suspended, 
M  shown  in  flg.  108.     The  liquid  ooataining  the  different  subatanoea  in 


iolnHoD  is  then  poured  into  the  inner  Teasel,  so  as  to  form  a  layer  of 
tboul  half  an  inch  in  height  upon  the  parchment  paper.  The  orjstalloTdal 
(Obstancea  gradually   pass  through  the  parchment  paper  into  the  outer 
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water,  which  may  be  renewed  from  time  to  time:  the  colloidal  Bubstancen 
are  almost  entirely  retained  by  the  liquid  in  the  inner  TeKsel.  In  this  man- 
ner  Mr.  Graham  has  prepared  several  colloids,  free  from  crystalloids ;  he 
has  shown,  moreover,  that  poisonous  crystalloids,  such  as  arsenious  acid 
or  strychnine,  even  when  mixed  with  very  large  proportions  of  colloidal 
substances,  pass  over  into  the  water  of  the  dialyzer  in  such  a  state  of 
purity  thai  their  presence  may  be  established  by  re-agents  with  the  ntmosi 
facility. 

Otmote,  —  When  two  dilTerent  liquids  are  separated  by  a  porous  dia- 
phragm, as,  for  instance,  by  a  membrane,  and  the  liquids  mix  through  this 
diaphragm,  it  is  found  that  in  most  cases  the  quantities  travelling  in  op- 
posite direction  are  unequal.  Suppose  three  cylinders,  the  lower  mouths 
of  which  are  tied  over  with  bladders,  filled  respectively  with  concentrated 
solutions  of  copper  sulphate,  sodium  chloride,  and  alcohol,  and  let  them  be 
immersed  in  vessels  containing  water  to  such  a  depth  that  the  liquids  inside 
and  outside  are  level  (fig.  109).  After  some  time  the  liquid  within  the 
tube  is  found  to  have  risen  appreciably  above  the  level  of  the  water 
(fig.  110).  On  the  other  hand,  if  the  cylinder  filled  with  pure  water  be  im- 
mersed in  a  solution  of  copper  sulphate,  or  of  sodium  chloride,  or  in  al- 
cohol, the  liquid  in  the  cylinder  is  seen  to  diminish  after  sometime  ffig-  111). 
A  larger  quantity  of  water  passes  through  the  bladder  into  the  Bolution  of 
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copper  sulphate,  of  sodium  chloride,  or  into  alcohol,  than  the  amount  of 
either  of  these  three  liquids  which  passes  through  the  bladder  into  the 
water.  The  mixing  of  dissimilar  substances  through  a  porous  diaphragm 
is  called  osmose.  The  passage  in  larger  proportion  of  one  liquid  into  an- 
other is  designated  by  the  term  exomioae. 

These  phenomena  are  due  to  the  attraction  which  the  two  liquids  have 
for  each  other,  and  to  the  difference  of  the  attraction  exercised  by  the 
diaphragm  upon  these  liquids.  Bladder  takes  up  a  much  larger  quantity 
of  water  than  of  a  solution  of  salt  or  of  alcohol.  Very  rarely  only  one  of 
the  liquids  traverses  the  diaphragm;  generally  two  cmrrents  of  unequal 
strength  move  in  opposite  directions.  When  water  is  separated  by  an 
animal  membrane  from  a  solution  of  salt  or  from  alcohol,  not  only  is  a 
transition  of  water  to  these  liquids  observed,  but  a  small  quantity  of 
hydrochloric  acid  and  of  alcohol  also  passes  over  into  the  water.  In  some 
cases,  however,  when  colloidal  substances  in  concentrated  solutions  are  on 
one  side  of  the  diaphragm  and  water  on  the  other,  the  latter  alone  traverses 
the  diaphragm,  not  a  trace  of  the  former  passing  through  to  the  water. 

Water  likewise  dissolves  gases.  Solution  of  gases  in  water  (or  in  other 
liquids)  is  called  absorption,  unless  this  solution  gives  rise  to  the  formation 
of  chemical  compounds  in  definite  proportions.     The  phenomena  of  absorp- 
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cion  hare  been  more  particularly  studied  by  Bunsen,  and  it  is  to  this  phi- 
losopher that  we  are  indebted  for  the  most  accurate  examination  of  this 
subject. 

Water  dissolves  very  unequal  quantities  of  the  different  gases  and  very 
unequal  quantities  of  the  same  gas  at  different  temperatures.  1  toI.  of 
water  absorbs,  at  the  temperatures  stated  in  the  table,  and  under  the  pres- 
sure of  30  inches  of  mercury,  the  following  Tolumes  of  different  gases, 
measured  at  0®  C.  and  30  inches  pressure : 


Oxygen. 

Nitrogen. 

Hydrogen. 

Nitrogen 
Monoxide. 

Carbon 
Dioxide 

1*>C. 

.  .     0-041 

0020 

0019 

1-31 

1.80 

10° 

.  .     0033 

0016 

0019 

0-92 

1-18 

20° 

.  .     0-028 

0-014 

0-019 

0-67 

0-90 

r!hlni*ine 

Hydrogen 

galphnrouf 
Oxide. 

Hydrochlo* 

Ammo- 

^.i*!!  ■*>*■  aJUv* 

Sulphide. 

ric  Acid. 

nia. 

0°C. 

•   .           -— 

4-87 

53-9 

606 

1180 

10° 

.  .       2-59 

3-69 

86-4 

472 

898 

20* 

.  .       216 

2-91 

27-3 

441 

680 

80° 

.  .       1-75 

2-83 

20-4 

412 

636 

40° 

.  .       1-37 

1-86 

16-6 

387 

444 

When  the  pressure  increases,  a  larger  quantity  of  the  gases  is  absorbed. 
Gases  moderately  soluble  in  water  follow  in  their  solubility  the  law  of 
Henry  and  Dalton,  according  to  which  the  quantity  of  gas  dissoWed  is  pro- 
portional to  the  pressure.  At  10°  C.  1  vol.  of  water  absorbs  under  a  pres- 
sure of  1  atmosphere  1-18  toI.  of  carbon  dioxide,  measured  at  0°  and  under 
a  pressure  of  30  inches  mercury.  The  quantity  of  carbon  dioxide  dissoWed 
under  a  pressure  of  2  atmospheres,  and  measured  under  conditions  pre- 
cisely similar  to  those  of  the  prerious  experiments,  equals  2*36  vol.  Again, 
1  Tol.  of  water  dissolves  under  a  pressure  of  i  atmosphere,  0.69  yol.  of 
carbon  dioxide  also  measured  at  0°  and  under  30  inches  of  mercury.  Gases 
which  are  exceedingly  soluble  in  water  do  not  obey  this  law,  except  at 
higher  temperatures,  when  the  solubility  has  been  already  considerably 
diminished. 

It  deserves,  however,  to  be  noticed,  that  the  pressure  which  determines 
the  rate  of  absorption  of  a  gas  is  by  no  means  the  general  pressure  to 
which  the  absorbing  liquid  is  exposed,  but  that  pressure  which  the  gas 
under  consideration  would  exert  if  it  were  alone  present  in  the  space  with 
which  the  absorbing  liquid  is  in  contact.  Thus,  supposing  water  to  be  in 
contact  with  a  mixture  of  1  vol.  of  carbon  dioxide  and  3  vol.  of  nitrogen, 
under  a  pressure  of  4  atmospheres,  the  amount  of  carbon  dioxide  dissolved 
by  the  water  will  be  by  no  means  equal  to  that  which  the  water  would  have 
absorbed  if  it  had  been  at  the  same  pressure  of  4  atmospheres  in  contact 
with  pure  carbon  dioxide.  In  a  mixture  of  carbon  dioxide  and  nitrogen 
in  the  stated  proportions,  the  carbon  dioxide  exercises  only  },  the  nitrogen 
only  },  of  the  total  pressure  of  the  gaseous  mixture  (4  atmospheres) ;  the 
partial  pressure  due  to  the  carbon  dioxide  is  in  this  case  1  atmosphere,  that 
due  to  the  nitrogen  3  atmospheres;  and  water,  though  exposed  to  a  pressure 
of  4  atmospheres,  cannot,  under  these  circumstances,  absorb  more  carbon 
dioxide  than  it  would  if  it  were  in  contact  with  pure  carbon  dioxide  under 
a  pressure  of  1  atmosphere. 

It  is  necessary  to  bear  this  in  mind  in  order  to  understand  why  the  air 
which  is  absorbed  by  water  out  of  the  atmosphere  differs  in  composition 
from  atmospheric  air.  The  latter  consists  very  nearly  of  21  vol.  of  oxygen 
and  79  vol.  of  nitrogen  In  atmospheric  air  which  acts  under  a  pressure  of 
1  atmosphere,  the  oxygen  exerts  a  par^l  pressure  of  i^^,  the  nitrogen  a 
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partial  pTesBure  of  ^^  atmosphere.  At  10®  C.  (50®  F.)  1  vol.  of  water  (sco 
the  above  table)  absorbs  0*038  vol.  of  oxygen,  and  0*016  vol.  of  nitrogen, 
supposing  these  gases  to  act  in  the  pure  state  under  a  pressure  of  1  atm^^- 
sphore.  But  under  the  partial  pressures  just  indicated,  water  of  10®  C. 
cannot  absorb  more  than  ^  X  0'03d=s  0*007  of  oxygen,  and  ^^  x  0  016 
=0*013  vol.  of  nitrogen.  In  0*007  4.  O*013s=0*O20  vol.  of  gaseous  mixture 
absorbed  by  water  there  are  consequently  0*007  vol.  of  oxygen,  and  0*013 
vol.  of  nitrogen,  or  in  20  vol.  of  this  mixture,  7  vol.  of  oxygen  and  13  vol. 
of  nitrogen,  or  in  100  vol.  of  the  gaseous  mixture,  85  vol.  of  oxygen  and 
69  vol.  of  nitrogen.  The  air  contained  at  the  common  temperature  in 
water  is  thus  seen  to  be  very  much  richer  in  oxygen  than  ordinary  atmo- 
spheric air. 

Water  containing  a  gas  in  solution,  when  exposed  in  a  vacuum  or  in  a 
space  filled  with  another  gas,  allows  the  gas  absorbed  to  escape  until  the 
quantity  retained  corresponds  with  the  share  of  the  pressure  belonging  to 
the  gas  evolved.  If  the  latter  be  constantly  removed  by  a  powerful  ab- 
sorbent or  by  a  good  air-pump,  it  is  in  most  cases  easy  to  separate  every 
trace  of  gas  from  the  water.  The  same  result  is  obtained  when  water  con- 
taining a  gas  in  solution  is  exposed  in  a  space  of  comparative!^  infinite 
size  filled  with  another  gas.  Water  in  which  nitrogen  monoxide  is  dis- 
solved loses  the  latter  entirely  by  mere  exposure  to  the  atmosphere,  and 
the  gas  evolved  cannot,  at  any  moment,  exert  more  than  an  infinitely  small 
share  of  the  pressure.  If  water  be  freed  from  gases  by  ebullition,  the 
separation  depends  partly  upon  the  diminution  of  the  solubility  by  the  in- 
crease of  temperature,  partly  also  upon  the  formation  above  the  surface 
of  the  liquid  of  a  constantly  renewed  atmosphere  into  which  the  gas  etiU 
retained  by  the  liquid  may  escape. 

Some  gases  which  are  absorbed  in  large  quantities,  and  very  quickly  by 
water,  —  hydrochloric  acid,  for  instance, — cannot  be  perfectly  expelled 
either  by  the  protracted  action  of  another  gas  (exposure  to  the  atmosphere) 
or  by  ebullition ;  in  such  cases  the  liquid  still  charged  with  gas  evaporates 
as  a  whole  when  it  has  assumed  a  certain  composition.  This  composition 
varies,  however,  if  the  liquid  be  submitted  to  a  current  of  air,  with  the 
temperature;  and  if  it  be  boiled,  with  the  pressure  under  which  ebullition 
takes  place. 

Liquids  also  lose  the  gas  they  contain  in  solution  by  freezing:  hence  the 
air-bubbles  in  ice,  which  consist  of  the  air  which  had  been  absorbed  from 
the  atmosphere  by  the  water.  Gas  is  retained  by  liquids  at  the  freezing 
temperature  only  when  it  forms  a  chemical  combination  in  definite  propor- 
tion with  the  liquid.  Water  containing  chlorine  or  sulphurous  acid  in  so« 
lution  freezes  without  evolution  of  gas,  with  formation  of  solid  hydrates  of 
chlorine  or  sulphurous  acid. 

Pure  water  generally  dissolves  gnses  more  copiously  than  water  contain- 
ing solid  bodies  in  solution  (salt  water,  for  instance).  If  in  some  few  cases 
exceptions  are  observed  to  take  place,  they  appear  to  depend  upon  the  for- 
mation of  feeble  but  true  chemical  compounds  in  definite  proportion;  the 
fact  that  carbon  dioxide  is  more  copiously  absorbed  by  water  cont-aining 
sodium  phosphate  in  solution  than  by  pure  water  may  perhaps  be  explained 
in  this  manner. 

When  water  is  heated  in  a  strong  vessel  to  a  temperature  above  that  of 
the  ordinary  boiling-point,  its  solvent  powers  are  si  ill  flirther  increased. 
Dr.  Turner  inclosed  in  the  upper  part  of  a  high-pressure  steam-boiler, 
worked  at  149®  C.  (800®  F.),  pieces  of  plate  and  crown  glass.  At  the  ex- 
piration of  four  months  the  glass  was  found  completely  corroded  by  the 
action  of  the  water;  what  remained  was  a  white  mass  of  silica;  destitute 
of  alkali,  while  stalactites  of  siliceous  matter,  above  an  inch  in  length, 
depended  from  the  little  wire  cag^which  enclosed  the  glass.     This  experi- 
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ment  tends  to  illustrate  the  changes  which  may  be  produced  by  the  action 
of  water  at  a  high  temperature  in  the  interior  of  the  earth  upon  felspathio 
and  other  rocks.  The  phenomenon  is  manifest  in  the  Geyser  springs  of 
Iceland,  which  deposit  siliceous  sinter.* 

Htoboosn  DioxiDE,f  sometimes  called  oxygenated  water j  is  an  exceedingly 
interesting  substance,  but  very  difficult  of  preparation.  It  is  formed  by  dis- 
solving  barium  dioxide  in  dilute  hydrochloric  acid  carefully  cooled  by  ice, 
and  then  precipitating  the  barium  by  sulphuric  acid;  the  excess  of  oxygen 
of  the  dioxide,  instead  of  being  disengaged  as  gas,  unites  with  a  portion 
of  the  water,  and  converts  it  into  hydrogen  dioxide.  This  treatment  is 
repeated  with  the  same  solution  and  fresh  portions  of  the  barium  dioxide, 
until  a  considerable  quantity  of  the  latter  has  been  consumed,  and  a  cor* 
responding  amonnt  of  hydrogen  dioxide  formed.  The  liquid  yet  contains 
hydrochloric  acid,  to  get  rid  of  which  it  is  treated  in  succession  with  silver 
sulphate  and  baryta-water.  The  whole  process  requires  the  utmost  care 
and  attention.  The  barium  dioxide  itself  is  prepared  by  exposing  pure 
baryta,  contained  in  a  red-hot  porcelain  tube,  to  a  stream  of  oxygen.  The 
solution  of  hydrogen  dioxide  may  be  concentrated  under  the  air-pump 
receiver  until  it  acquires  the  specific  gravity  of  1*45.  In  this  state  it  pre- 
sents the  aspect  of  a  colorless,  transparent,  inodorous  liquid,  possessing 
remarkable  bleaching  powers.  It  is  very  prone  to  decomposition ;  the  least 
elevation  of  temperature  causes  effervescence,  due  to  the  escape  of  oxygen 
gas ;  near  100^  it  is  decomposed  with  explosive  violence.  Hydrogen  dioxide 
contains  exactly  twice  as  much  oxygen  as  water,  or  16  parts  to  1  part  of 
hydrogen. 

A  trioxide  of  hydrogen  is  said  to  exist,  although  it  has  never  been  obtained 
in  the  pure  state.  It  is  likewise  a  powerful  oxidizing  agent,  and  altogether 
similar  in  i|s  properties  to  the  dioxide.  According  to  the  researches  of 
I>r.  Baomert,  minute  quantities  of  this  substance  are  formed  in  the  decom- 
position of  water  by  electricity,  and  impart  the  odor  by  which  the  prod- 
ucts of  this  process  are  oharaeteriied ;  but,  according  to  the  experiments 
of  Andrews  and  others,  already  referred  to  (p.  186),  the  supposed  trioxide 
really  consists  of  active  oxygen  or  ozone,  witn  a  smaU  quantity  of  hydrogen 
dioxide. 


hubooek. 

Kitrogen  %  constitutes  about  four-fifths  of  the  atmosphere,  and  enters  into 
a  great  variety  of  combinations.  It  may  be  prepared  by  several  methods. 
One  of  the  simplest  of  these  is  to  burn  out  the  oxygen  from  a  confine^  por- 
tion of  air  by  phosphorus,  or  by  a  jet  of  hydrogen. 

A  small  porcelain  capsule  is  floated  on  the  water  of  the  pneumatic  trough, 
and  a  piece  of  phosphorus  is  placed  in  it  and  set  on  fire.  A  bell-jar  is 
then  inverted  over  the  whole,  and  suffered  to  rest  on  the  shelf  of  the 

•  PhiloenphlcAl  Mngaxlne.  Oct.  1854. 

f  In  tjmboU  the  compoeition  of  water  and  hydrogen  dioxide  is  thas  expressed :  — 

Water OH^ 

Hydn^n  dioxide O^ilc 

{£  c  Gmermtor  of  nitre;  also  called  Asote,  ironia,  pritntiTo,  and  ^wj),  life. 
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trough «  so  as  to  project  a  little  oTer  its  edge.     At  first  the  heat  caosea 
expansion  of  the  air  of  the  jar,   and   a  few  bubbles  are  expelled,  after 

which  the  levelof  the  water  rises  considerably.    When 
Fig.  112.  the  phosphorus  becomes  extinguished  by  exhaustion 

of  the  oxygen,  and  time  has  been  giren  for  the  sub- 
sidence of  the  cloud  of  finely  divided  snow-like  phos- 
phoric oxide  which  finats  in  the  residual  gas,  the 
nitrogen  may  be  transferred  into  another  yessel,  and 
its  properties  examined. 

Prepared  by  the  foregoing  process,  nitrogen  is  con- 
taminated with  a  little  Taper  of  phosphorus,  which 
communicates  its  peculiar  odor.  A  preferable  method 
is  to  fill  a  porcelain  tube  with  turnings  of  copper,  or, 
still  better,  with  the  spongy  metal  obtained  by  redu- 
cing the  oxide  with  hydrogen ;  to  beat  this  tube  to  red- 
ness, and  then  pass  through  it  a  slow  stream  of  at- 
mospheric air,  the  oxygen  of  which  is  entirely  remored 
during  its  progress  by  the  heated  copper. 
If  chlorine  gas  be  passed  into  solution  of  ammonia,  the  latter  substance, 
which  is  a  compound  of  nitrogen  with  hydrogen,  is  decomposed ;  the  chlorine 
combines  with  the  hydrogen,  and  the  nitrogen  is  set  free  with  efferTescence. 
In  this  manner  very  pure  nitrogen  can  be  obtained.  In  msking  this  ex- 
periment, it  is  necessary  to  stop  short  of  saturating  or  decomposing  the 
whole  of  the  ammonia ;  otherwise  there  will  be  great  risk  of  accident  from 
the  formation  of  an  exceedingly  dangerous  explosiye  compound,  produced 
by  the  contact  of  chlorine  with  an  ammoniacal  salt. 

Another  yery  easy  and  perfectly  safe  method  of  obtaining  pure  nitrogen 
is  to  decompose  a  solution  of  potassium  nitrite  with  ammonium  chloride 
(sal-ammoniac).  The  potassium  nitrite  is  prepared  by  passing  the  red 
yapors  of  nitrous  acid  obtained  by  heating  dilute  nitric  acid  with  starch 
into  a  solution  of  caustic  potash.  On  boiling  the  resulting  solution  with 
sal-ammoniac,  nitrogen  gas  is  eToWed,  while  potassium  chloride  remains 
in  solution.* 

Nitrogen  is  destitute  of  color,  taste,  and  odor;  it  is  a  little  lighter  than 
air,  its  density  being,  according  to  Dumns,  0*972.  A  litre  of  the  gas  at  0^ 
C.  and  760  mm.  barometric  pressure  weighs  1*25658  gram.  100  cubic  inches, 
at  60°  F.  and  80  inches  barometer,  weigh  80*14  grains.  Nitrogen  is  in- 
capable of  sustaining  combustion  or  animal  existence,  although,  like  hydro- 
gen, it  has  no  positive  poisonous  properties;  neither  is  it  soluble  to  any 
notable  extent  in  water  or  in  caustic  alkali ;  it  is,  in  fact,  best  character- 
ized by  negative  properties. 

The  exact  composition  of  the  atmosphere  has  repeatedly  been  made  the 
subject  of  experimental  research.  Besides  nitrogen  and  oxygen,  the  air 
contains  a  little  carbon  dioxide  (carbonic  acid),  a  very  variable  proportion 
of  aqueous  vapor,  a  trace  of  ammonia,  nnd,  perhaps,  a  little  carburet  ted 
hydrogen.  The  oxygen  and  nitrogen  are  in  a  state  of  mixture,  not  of  com- 
bination, yet  their  ratio  is  always  uniform.  Air  has  been  brought  from 
lofty  Alpine  heights,  and  compared  with  that  from  the  plains  of  Egvpt; 
it  has  been  brought  from  an  elevation  of  21.000  feet  by  the  aid  of  the  bal- 
loon ;  it  has  been  collected  and  examined  in  London  and  Paris,  and  many 
other  places ;  still  the  proportion  of  oxygen  and  nitrogen  remains  nnaltered, 
the  diffusive  energy  of  the  gases  being  adequate  to  maintain  this  perfect 
uniformity  of  mixture.     The  carbon  dioxide,  on  the  contrary,  being  much 

*  The  reaction  \»  reprraented  by  the  equation, 

NO«K      -f       NHKn       =        Ka      -f     aOH,     +     Ni 
Potawiam        Ammonlnm        Pot«rMlnm       M'ater.       Mitrogen 
nitrite.  chloride.  chloride.  gas. 
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infloeneed  by  local  causes,  Taries  considerably.  In  the  following  table  the 
proportions  of  oxygen  and  nitrogen  are  given  on  the  authority  of  DumuH, 
aud  the  carbon  dioxide  on  that  of  De  SausKure:  the  ammonia,  the  discovery 
of  which  in  atmospheric  air  is  due  to  Liebig,  is  too  small  in  quantity  for 
direct  estimation. 

Composition  of  the  Atmosphere. 

By  weight  By  meMnre. 

Nitrogen        ...         77  parts       .         .         .         79'19 
Oxygen      .         .         ,         .     23     "       .         .         .         .     20-81 


Carbon  dioxide. 

Oxygen. 

.    00G3 

20-894 

0111 

20-802 

.    0061 

20-968 

100  10000 

Carbon  dioxide,  from  3-7  measures  to  6-2  measures  In  10,000  measures 

of  air. 
Aqueous  vapor  variable,  depending  much  upon  the  temperature. 
Ammonia,  a  trace. 

Dr.  Frankland  has  analyxed  samples  of  air  taken  by  himself  in  the  valley 
of  Chamouni,  on  the  summit  of  Mont  Blanc,  and  at  the  Grands  Mulets. 
The  following  are  the  results  of  his  analyses: 

Chamouni  (3000  feet) 
Grands  Mulets  (11,000  feet) 
Mont  Blanc  (15,732  feet)    . 

A  litre  of  pure  and  dry  air  at  0^  0.  and  700  mm.  pressure  weighs  1  -29866 
grams.  100  cubic  inches  at  (M°  F.  and  80  inches  barom.  weigh  30*935 
grains:  hence  a  cubic  foot  weighs  586-96  grains,  which  is  j^^  of  the  weight 
of  a  cubic  foot  of  water  at  the  same  temperature. 

The  analysis  of  air  is  very  well  effected  by  passing  it  over  finely  divided 
copper  contained  in  a  tube  of  hard  glass,  carefully  weighed  and  then  heated 
to  redness:  the  nitrogen  is  suffered  to  fiow  into  an  ex- 
hausted glass  globe,  also  previously  weighed.     The  in-  Fig.UZ. 
crease  of  weight  after  the  experiment  gives  the  informa- 
tion sought. 

An  easier,  but  less  accurate  method  consists  In  intro- 
ducing into  a  graduated  tube,  standing  over  water,  a 
known  quantity  of  the  air  to  be  examined,  and  then, 
passing  into  the  latter  a  stick  of  phosphorus  affixed  to 
the  end  of  a  wire.  The  whole  is  left  about  twenty-four 
hours,  during  which  the  oxygen  is  slowly  but  completely 
absorbed,  after  which  the  phosphorus  is  withdrawn,  and 
the  residual  gas  read  off. 

Liebig  has  proposed  to  use  an  alkaline  solution  of  p}'- 
rogallic  acid  (a  substance  which  will  be  described  in  the 
department  of  organic  chemistry)  for  the  absorption  of 
oxygen.  The  absorptive  power  of  such  a  solution,  which 
turns  deep  black  on  coming  in  contact  with  the  oxygen,  is 
very  considerable.  Liebig's  method  combines  great  ac- 
curacy with  unusual  rapidity  and  facility  of  execution. 

Another  plan  is  to  mix  the  air  with  hydrogen  and  pass  an  electric  spark 
through  the  mixture:  after  explosion  the  volume  of  gas  is  read  off  and 
compared  with  that  of  the  air  employed.  Since  the  analysis  of  gaseous 
bodies  by  explosion  is  an  operation  of  great  importance  in  practical  chem- 
istry, it  may  be  worth  while  describing  the  process  in  detail,  as  it  is  appli- 
cable, with  certain  obvious  variations,  to  a  number  of  analogous  cases. 
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A  eoDTenient  forro  of  sppanluB  for  the  purpose,  when  great  meear^ej 
is  not  required,  is  tbe  sjpbon  eudiomerer  of  Dr.  Ure:  this  consisls  or  k 
elQut  glftsB  tube,  Laving  sn  iDternal  diameter  of  about 
Kg.  lU.  one  third  of  an  incb.  cloeed  al  one  end,  and  bent  into 

the  form   represeated   in  fig.   114.     Tvo   piece*  of 
platinum  wire,  melted  into  tbe  glaaa  near  Ibe  clot«d 
eilremit;.  serre  lo  give  psesage  to  the  epark.     Tlie 
closed  limb  is  carefuU;  graduated.     When  requtrtd 
for  use.  the  instrumeDt  is  filled  with  mercurj,  and 
inverted  in  ■  veasDl  of  the  same  liquid.     A  quaniil; 
of  the   air  to  be   examined  is  then  iulroduceil,  Ibe 
manipulation  being  precisetj  the  same  as  with  expe- 
riments oyer  water;  the   open  end  is  slopped  willi 
tbe  thumb,  and  the  air  transferred  lo  the  closed  ex- 
tremity.     The  instrument  is  next  held  uprigbl,  and 
after  Ihe  level  of  the  mercury  has  been  made  equal 
ou  both  aides  bj  displacing  a  portion  from  tbe  open 
limb  by  thrusting  down  a  piece  of  stick,  Ihe  lolumc 
of  air  is  read  off.      This  done,  Ibe   open  part  of  Ibe 
tube  is  again  filled  up  with  mercury,  closed  with  Ibe 
fioger,  inverted  int«  the  liquid  metal,  and  a  quantity 
of  pure  hydrogen  introduced,  equal,  as  nearly  as  can 
be  guessed,  to  about  half  the  volume  of  tbe  air.     The  eudiometer  is  once 
more  brought  into  the  erect  posilion.  tbe  level  of  the  mercurj  eqnaliied, 
and  the  volume  again  read  off;  tbe  qusntily  of  hydrogen  added  is  thus 
accurately  ascertained.      All  is  now  ready  for  the  explosion;   the  instrument 
is  held  in  the  way  represented,  the  open  end  being  firmly  closed  by  the 
thumb,  while  tbe  knuckle  of  tbe   fore-finger  touchee  the  nearer  platinum 
wire;  the  spark  is  then  passed  by  the  aid  of  a  charged  jar  or  a  good  elec- 
trophoruH,  and  tbe  explosion  ensues.     The  air  confined  by  the  thumb  in 
the  open  part  of  the  tube  acta  as  a  spring  and  moderates  Ibe  explosive 
effect.     Nothing  now  remains  but  to  equaliie  the  level  of  the  mercury  by 
pouring  a  little  more  into  the  instrument,  and  then  lo  read  off  the  volume 
for  the  last  time. 

What  is  required  to  be  known  from  this  experiment  is  the  dtnunifion  Ihe 
mixture  suffers  by  explosion :  for  Binee  the  hydrogen  is  in  excess,  and  since 
that  body  unites  with  oxygen  in  the  proportion  by  measure  of  two  to  one, 
one-third  part  of  that  diminution  must  be  doe  to  the  oxygen  contained  in 
the  air  introduced.  As  the  amount  of  tbe  latter  is  known,  the  proportion 
of  oxygen  it  contains  thus  admits  of  determination.  The  cue  supposed 
will  render  (bis  clear. 

Air  and  hydrogen   . 
Volume  after  explosion 

Diminution     .... 

68 

—  ^  21 ;  oxygen  in  the  hundred 

8 

The  syphon  eudiometer  in  tbe  simple  form  above  described  is  not  well 
adapted  for  accurate  analysia,  especially  when,  as  in  the  analysis  of  many 
gaseouB  mixtures,  caustic  potash  and  olher  re-ngenis  havo  to  be  introduced 
into  the  closed  timb.  lo  absorb  some  of  tlie  components  of  the  mixture,  or 
of  the  products  resulting  from  the  explosion;  but  it  forms  the'  eseential 
part  of  the  more  exact  and  complex  forma  of  eudiometer  devised  by  B^- 
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BMill,  Mid  b;  Frmnkland  and  Ward,  io  whieb  proTirion  le  made  for  aocu- 
Tatel;  adiDatiag  the  leiel  of  the  merour;.  sod  for  quickly  tnatterring  the 

ga«  to  another  tube  in  wbich  it  mny  be  aubjeated  ta  the  action  of  abBorbing 
(genu,  and  then  rettirning  it  la  the  sjphoo  tube  for  measuremeDt.* 

The  limpleBt,  and,  od  Ibe  whole,  the  most  conTenient  form  of  eudiometer 
CDnsiWB  of  a  straight  graduated  glass  tube  (fig.  116)  closed  at  the  lop,  and 
baring  platinnm  wires  inserted  near  the  closed  end.  This  tube  is  filled 
wilh  mercurj,  and  inverted  in  a.  mercurial  pneumatic  trough. 

A  quantity  of  *ir,  sufficient  to  Gil  about  one  sixth  of  the  lube,  is  then  in- 
troduced, and  its  Tolume  accuratelj  as-  _^  ,„ 
cenaiocd  b;  reading  off  willi  a  teloscope 
the  number  of  divisions  on  the  tube  to 
vhich  the  mercury  reaches,  nhilat  tbe 
height  of  the  column  of  uiereury  in  tbe 
lulw  above  the  trough,  together  with 
that  of  the  baronketer,  and  the  tempera- 
mrc  of  the  air,  are  alao  read  off.  A 
quantity  of  pure  hydrogen  gas  is  now 
added,  more  than  sufticitnt  lo  unite  with 
all  the  oxygen  present:  and  the  volume 
of  the  gaa  and  tbe  pressure  exerted  upon 
it.  are  then  determined  as  before.  An 
electric  spark  is  now  passed  through  . 
the  mixture,  care  being  taken  to  prevent 
any  escape,  by  pressing  tbe  open  end  of 
the  eudiometer  against  a  piece  of  sheet 
caoutchouc  under  the  mercury  in  the 
trough.  After  the  explosion,  the  volume 
ii  again  determined  as  before,  and  ia 
fooi^  to  be  les«  than  that  before  the  ex- 


CoBipouniii  of  XilTogtn  and  Ozi/gin. 
There  are  five  distinct  eompounds  ot  nitrogen  and  oxygen,  thus  named 
and  conMituted  i  — 


Nitn^o  moDoxidef        .         .                 -  28  .  16  2.1 

Nitrogen  dioxide 28  ■  811  2.2 

N'iirogen  trioxide,  or  Nitrous  oxide.         .  28  .  48  2      .       f! 

Sirrogen  tetroxide 2S  .  64  2.4 

Nitrogen  pentoside,  or  Nitric  oxide .         .  £8  •  SO  2.6 

A  eoDpariaon  of  these  numbers  will  show  that  the  quantities  of  oxygen 
which  unite  with  a  given  quantity  of  nitrogen  are  to  one  another  in  the 
ratio  of  the  numbers  1,  2,  8,  4,  6. 

•  Sh  th*  irUcia  ■■  AnslTdi  of  Oho,"  bj  Dr.  KsMell.  in  Walts'! 'DictlouIT  of  Chuolitrj','' 

t  Ib  snabota  the  compoilllon  of  thMsbodlMli  thtti«pre™ed:  — 
Nlironin  monoilils      .       .       .       N,0 
Nitmgin  djDiidii       ....    KAorNO 
Nltn«ni  Irlnildn  Kfi, 
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The  third  and  fifth  of  the  coidpounds  in  the  table  are  capable  of 
up  the  elements  of  water  and  of  metallic  oxides  to  form  salts  (p.  133),  calleil 
respectively  nitrite*  and  nitrates,  the  hydrogen  salts  being  also  called  nitrom» 
and  nitric  acid,*  The  other  three  nitrogen  oxides  do  not  form  salts.  It  will 
be  convenient  to  commence  the  description  of  these  compounds  with  tbe 
last  on  the  list,  vis.,  the  pentoxide,  as  its  salts,  the  nitrates,  are  the  eoorees 
from  which  all  the  other  compounds  in  the  series  are  obtained. 

NiTROOKir  Pbntoxidb  or  Nitric  Oxidb  (also  called  Anhydrout  Kiirie  Acid 
or  Nitrifi  Anhydride), — This  compound  was  discovered  in  1849  by  IXeville, 
who  obtained  it  by  exposing  silver  nitrate,  which  may  be  regarded  as  » 
compound  of  nitrogen  pentoxide  with  silver  and  oxygen,  to  the  action  of 
chlorine  gas.  Chlorine  and  silver  then  combine,  forming  silver  chloride, 
which  remains  in  the  apparatus,  while  oxygen  and  nitrogen  pentoxide 
separate.f  The  latter  is  a  colorless  substance,  crystallising  in  six-sided 
prisms,  which  melt  at  30^  and  boil  between  45®  and  50**,  when  they  begin 
to  decompose.  Nitrogen  pentoxide  sometimes  explodes  spontaneously.  It 
dissolves  in  water  with  great  rise  of  temperature,  forming  hydrogen  nitrate 
or  nitric  acid. 

Nitrates — Nitric  Aotd. — In  certain  parts  of  India,  and  in  other  hot 
dry  climates  where  rain  is  rare,  the  surface  of  the  soil  is  occasionally  covered 
by  a  saline  efflorescence,  like  that  sometimes  apparent  on  newly  plastered 
walls:  this  substance  collected,  dissolved  in  hot  water,  and  crystallized  from 
the  filtered  solution,  furnishes  the  highly  important  salt  known  in  commerce 
as  nitre  or  saltpetre,  and  consisting  of  potassium  nitrate.  To  obtain  nitric 
acid,  equal  weights  of  powdered  nitre  and  strong  sulphuric  acid  are  in- 
troduced into  a  glass  retort,  and  heat  is  applied  by  means  of  an  Argand  gas- 
lamp  or  charcoal  chauffer,  (see  fig.  88).  A  flask,  cooled  by  a  wet  cloth,  is 
adapted  to  the  retort  to  serve  for  a  receiver.  No  luting  of  any  kind  must 
be  used. 

As  the  distillation  advances,  the  red  fumes  which  first  arise  disappear, 
but  towards  the  end  of  the  process  they  again  become  manifest.  l¥hen 
this  happens,  and  very  little  liquid  passes  over,  while  the  greater  part  of 
-the  saline  matter  of  the  retort  is  in  a  state  of  tranquil  fusion,  the  opera- 
tion may  be  stopped;  and  when  the  retort  is  quite  cold,  water  maybe 
introduced  to  dissolve  out  the  saline  residue.  The  reaction  consists  in  an 
interchange  between  the  potassium  of  the  nitre  and  half  the  hydrogen  of 
the  sulphuric  acid  (hydrogen  sulphate),  whereby  there  are  formed  hydro- 
^en  nitrate  which  distils  over,  and  hydrogen  and  potassium  sulphate 
which  remains  in  the  retort.} 

In  the  manufacture  of  nitric  acid  on  the  large  scale,  the  glass  retort  is 
replaced  by  a  cast-iron  cylinder,  and  the  receiver  by  a  series  of  earthen 
condensing  ves!«els  connected  by  tubes.  Sodium  nitratCi  found  native  in 
Pern,  is  now  generally  subptituted  for  potassium  nitrate. 

Nitric  acid  thus  obtained  has  a  specific  gravity  of  from  1  5  to  1*62;  it 
has  a  golden-yellow  color,  due  to  nitrogen  trioxide,  or  tetroxide,  which 
is  held  in  solution,  and,  when  the  acid  is  diluted  with  water,  gives  rise  by 
its  decomposition  to  a  disengagement  of  nitric  oxide.     Nitric  acid  is  ex* 

•  Hydrogen  nitrate,  or  Nitrons  acid    ....  N^OHjorNOH, 

Potiuwinm  nitrate NjC^OK,  or  NOK« 

nvdrogen  nitratft,  or  Nitric  acid       ....  N,Os.OH,  or  NOjlI 

Potassium  nitrite N A-^K,  or  WQiK. 

t  NQjAg  +  01,  =  2A|En  +  0  +  NA- 

X       NQ|K        +        8O4H,       =       NO»H  +  804nK 

PotaiMinm  Hydrofcen  Hydrogen  Hydrogen  and  po- 

nitnite.  snlphata.  nitrate.  toasium  snlpbate. 
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«eedtngly  corrosive,  staiDing  the  skin  deep  yellow,  and  causing  total  dis- 
organizatioQ.  Poured  upon  red-hot  powdered  charcoal,  it  causes  brilliant 
combustion;  and  when  added  to  warm  oil  of  turpentine,  acts  upon  that 
substance  so  energetically  as  to  set  it  on  fire. 

Pure  nitric  acid,  in  its  most  concentrated  form.  Is  obtained  by  mixing 
the  above  with  about  an  equal  quantity  of  strong  sulphuric  acid,  redistil- 
ling, collecting  apart  the  first  portion  which  comes  o?er,  and  exposing  it 
in  a  vessel  slightly  warmed  and  sheltered  from  the  light,  to  a  current  of 
dry  air  made  to  bubble  through  it,  which  completely  removes  the  nitrous 
acid.  In  this  state  the  product  is  as  colorless  as  water:  it  has  the  sp.  gr. 
1-517  at  16-6®  (6(y»  P.),  boils  at  84-6«»  (184®  F.),  and  consists  of  64  parts 
nitrogen  pentoxide  and  9  parts  water.  Although  nitric  acid  in  a  more 
dilute  form  acts  very  violently  upon  many  metals,  and  upon  organic  sub- 
stances generally,  this  is  not  the  case  with  the  most  concentrated  acid: 
even  at  a  boiling  huat,  it  refuses  to  attack  iron  or  tin;  and  its  mode  of 
action  on  lignin,  starch,  and  similar  substances  is  quite  peculiar  and  very 
much  less  energetic  than  that  of  an  acid  containing  more  water. 

On  boiling  nitric  acid  of  different  degrees  of  concentration,  at  the  ordi- 
nary atmospheric  pressure,  a  residue  is  left.,  boiling  at  120'6®  and  29  inches 
barometer,  and  having  the  sp.  gr.  1*414  at  15*6®.  This  acid  was  formerly 
supposed  to  be  a  definite  compound  of  nitric  acid  with  water ;  but  Roscoe 
has  recently  proved  this  assumption  to  be  incorrect,  the  composition  of  the 
acid  varying  according  to  the  pressure  under  which  the  liquid  bolls. 

The  nitrates  form  a  very  extensive  and  important  group  of  salts,  which 
are  remarkable  for  being  all  soluble  in  water.  Hydrogen  nitrate  is  of 
great  use  in  the  laboratory,  and  also  in  many  branches  of  industry. 

The  acid  prepared  in  the  way  described  is  apt  to  contain  traces  of 
chlorine  from  common  salt  in  the  nitre,  and  sometimes  of  sulphate  from 
accidental  splashing  of  the  pasty  mass  in  the  retort.  To  discover  these 
impurities,  a  portion  is  diluted  with  four  or  five  times  its  bulk  of  distilled 
water,  and  divided  between  two  glasses.  Solution  of  silver  nitrate  is 
dropped  into  the  one,  and  solution  of  barium  nitrate  into  the  other;  if  no 
change  ensue  in  either  case,  the  acid  is  free  from  the  impurities  men- 
tioned. 

Nitric  acid  has  been  formed  in  small  quantity  by  a  very  curious  process, 
namely,  by  passing  a  scries  of  electric  sparks  through  a  portion  of  air 
in  contact  with  water  or  an  alkaline  solution.  The  amount  of  acid  so 
formed  after  many  hours  is  very  minute;  still  it  is  not  impossible  that 
powerful  discharges  of  atmospheric  electricity  may  sometimes  occasion 
a  trifling  production  of  nitric  acid  in  the  air.  A  very  minute  quantity  of 
nitric  acid  is  also  produced  by  the  combustion  of  hydrogen  and  other  sub- 
stances in  the  atmosphere ;  it  is  also  formed  by  the  oxidation  of  ammonia. 

Nitric  acid  is  not  so  easily  detected  in  solution  in  small  quantities  as 
many  other  acids.  Owing  to  the  solubility  of  all  its  compounds,  nopreeip' 
itant  can  be  found  for  this  substance.  An  excellent  mode  of  testing  it  is 
based  upon  its  power  of  bleaching  a  solution  of  indigo  in  sulphuric  acid 
when  boiled  with  that  liquid.  The  absence  of  chlorine  must  be  insured 
in  this  experiment  by  means  which  will  hereafter  be  described :  otherwise 
the  result  is  equivocal. 

The  best  method  for  the  detection  of  nitric  acid  is  the  following.  The 
substance  to  be  examined  is  boiled  with  a  small  quantity  of  water,  and 
the  solution  cautiously  mixed  with  an  equal  volume  of  concentrated  sul- 
phuric acid ;  the  liquid  is  then  allowed  to  cool,  and  a  strong  solution  of 
ferrous  sulphate  carefully  poured  upon  it,  so  as  to  form  a  separate  layer. 
If  large  quantities  of  nitric  acid  are  present,  the  surface  of  contact,  first, 
and  then  the  whole  of  the  liquid,  becomes  black.  If  but  small  quantities 
of  nitric  acid  are  present,  the  liquid  becomes  reddish-brown  or  purple. 
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The  ferrous  sulphate  reduces  the  nitric  acid  to  nitrogen  dioxide,  whieh, 
diasolTing  in  the  solution  of  ferrous  sulphate,  imparts  to  it  a  dark  color. 

NiTBOOBN  MoNOXiDB  (sometimes  called  Nitroua  Oxide;  also  Laughing 
Gtu). —  When  solid  ammonium  nitrate  is  heated  in  a  retort  or  flask,*  fig. 

116,  furnished  with  a  perforated  cork  and  bent 
F^g.  110.  tube,  it  is  resolved  into  water  and  nitrogen  mon- 

oxide, f 

No  particular  precaution  is  required  in  the 
operation,  save  due  regulation  of  the  heat,  and 
the  avoidance  of  tumultuous  disengagement  of 
the  gas. 

Nitrogen  monoxide  is  a  colorless,  transparent, 
and  almost  inodorous  gas,  of  distinctly  sweet  taste. 
Its  specific  gravity  is  1*525;  a  litre  of  it  weighs 
0*97172  grams ;  100  cubic  inches  weigh  47*29  grains. 
It  supports  the  combustion  of  a  taper  or  a  piece  of 
phosphorus  with  almost  as  much  energy  as  pure 
oxygen:  it  is  easily  distinguished,  however,  from 
that  gas  by  its  solubility  in  cold  water,  which  dis- 
solves nearly  its  own  volume :  hence  it  is  necessary 
to  use  tepid  water  in  the  pneumatic  trough  or  gas- 
holder; otherwise  great  loss  of  gas  will  ensue. 
Nitrous  oxide  has  been  liquefied,  but  with  diffi- 
culty: it  requires,  at  7*2®  C.  (46°  F.),  a  pressure 
of  50  atmospheres:  the  liquid,  when  exposed  under  the  bell-glass  of  the 
air-pump,  is  rapidly  converted  into  a  snow-like  solid.  When  mixed  with 
an  equal  volume  of  hydrogen,  and  fired  by  the  electric  spark  in  the  eudi- 
ometer, it  explodes  with  violence,  and  liberates  its  own  measure  of  nitrogen. 
Every  two  volumes  of  the  gas  must  consequently  contain  two  volumes  of 
nitrogen  and  one  volume  of  oxygen,  the  whole  being  condensed  or  con- 
tracted one  third — a  constitution  resembling  that  of  vapor  of  water. 

The  most  remarkable  property  of  this  gas  is  its  intoxicating  power  upon 
the  animal  system.  If  quite  pure,  or  merely  mixed  with  atmospheric  air, 
it  may  be  respired  for  a  short  time  without  danger  or  inconvenience.  The 
effect  is  very  transient,  and  is  not  followed  by  depression. 

Nitrogen  Dioxide  (sometimes  called  Nitric  Oxide). — Clippings  or  turn- 
ings of  copper  are  put  into  the  apparatus  employed  for  preparing  hydrogen 
(p.  137),  together  with  a  little  water,  and  nitric  acid  is  added  by  the  fiinnel 
until  brisk  effervescence  is  excited.  The  gas  may  be  collected  over  cold 
water,  as  it  is  not  sensibly  soluble. 

The  reaction  is  a  simple  deoxidation  of  some  of  the  nitric  acid  by  the 
copper :  the  metal  is  oxidized,  and  the  oxide  so  formed  is  dissolved  by  an- 
other portion  of  the  acid.  Nitric  acid  is  very  prone  to  act  thus  upon 
certain  metals.! 

The  gas  obtained  in  this  manner  is  colorless  and  transparent:  in  contact 
with  air  or  oxygen  gas  it  produces  deep  red  fumes,  which  are  readily  ab- 
sorbed by  water :  this  character  is  sufficient  to  distinguish  it  from  all  other 

*  Florence  oil-flnakii,  which  mny  he  pnrchaaed  at  a  very  trifling  •am,  constitute  exce^ncly 
nsefol  Te»i>eifl  for  chemical  purposes,  and  often  snpcniede  retorts  or  other  expensive  appiumtus. 
They  are  rendered  still  more  Tiilnahle  by  cutting  the  noclc  smoothly  round  with  a  hot  iron, 
softening  it  in  the  flame  of  a  good  Argand  gas-lamp,  and  then  turning  over  the  edge  so  as  to 
form  a  Up,  or  border.    The  neck  will  then  bear  a  tightly  fitting  cork  without  risk  of  splitting. 

t  N0,NH4        =        OHj  +  NjO 

Ammonium  Water.  Nitrogen 

nitrate.  monoxide. 

X      SNO^H     +        Cu,      —  NsO,  +        8(N0tV^       +    ^H/) 

Nitric  acid.         Copper.       Nitrogen  dioxide.        Copper  nitrate.        Water. 
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pneona  bodies.     A  liglited  taper  plunged  into  the  gas  is  extinguished; 
lighted  phosphorus,  however,  burns  in  it  with  great  brilliancy. 

The  specific  gravity  of  nitrogen  dioxide  is  1  *039 ;  a  litre  weighs  1  -84348 
grams.  It  contains  equal  measures  of  oxygen  and  nitrogen  gases  united 
without  condensation.  When  this  gas  is  passed  into  the  solution  of  a  fer- 
rous salt,  it  is  absorbed  in  large  quantity,  and  a  deep-brown  or  nearly  black 
liquid  produced,  which  seems  to  be  a  definite  compound  of  the  two  sub- 
stances (p.  159).     The  compound  is  again  decomposed  by  boiling. 

\iTS0GEN  Trioxidis,  or  Nitrous  Oxide. — When  four  measures  of  ni- 
trogen dioxide  are  mixed  with  one  measure  of  oxygen,  and  the  gases,  per- 
fectly dry,  are  exposed  to  a  temperature  of  — 18°,  they  condense  to  a  thin 
mobile  blue  liquid,  which  emits  orange-red  vapors. 

Nitrous  oxide,  sufficiently  pure  for  most  purposes,  is  obtained  by  pouring 
concentrated  nitric  acid  on  lumps  of  arsenious  acid,  and  gently  warming 
the  mixture,  in  order  to  start  the  reaction.  Nitrous  oxide  is  then  evolved 
as  an  orange-red  gas,  arsenic  acid  remaining  behind. 

Nitrous  oxide  is  decomposed  by  water,  being  converted  into  nitric  acid 
and  nitrogen  dioxide.*  For  this  reason  it  cannot  be  made  to  unite  directly 
with  metallic  oxides;  potassium  nitrite  may,  however,  be  prepared  by 
fusing  potassium  nitrate,  whereby  part  of  its  oxygen  is  driven  off;  and 
many  other  salts  of  nitrous  acid  may  be  obtained  by  indirect  means.  Thus 
a  eolutxon  of  potassium  or  sodium  nitrite  may  be  prepared  by  passing  the 
vapor  of  nitrogen  trioxidc,  obtained  as  above  by  heating  nitric  acid  with 
arsenious  acid  (or  with  starch),  into  a  solution  of  caustic  potash  or  soda. 

Nitrogen  Tetboxidb  (also  called  Nitric  Peroxide),  —  This  is  the  principal 
constituent  of  the  deep-red  fumes  always  produced  when  nitrogen  dioxide 
escapes  into  the  air. 

When  carefully  dried  lead  nitrate  is  exposed  to  heat  in  a  retort  of  hard 
glass,  it  is  decomposed,  load  oxide  remaining  behind,  while  a  mixture  of 
oxygen  and  nitrogen  tetroxide  is  evolved.  By  surrounding  the  receiver 
with  a  very  powerful  freezing  mixture,  the  latter  is  condensed  in  trans- 
parent crystals,  or  if  the  slightest  trace  of  moisture  is  present,  as  a  color- 
less liquid,  which  acquires  a  yellow  and  ultimately  a  red  tint,  as  the  tem- 
perature rises.  At  27*8®  it  boils,  giving  off  its  well-known  red  vapor,  the 
intensity  of  the  color  of  which  is  greatly  augmented  by  elevation  of  tem- 
perature. Its  vapor  is  absorbed  by  strong  nitric  acid,  which  thereby  ac- 
quires a  yellow  or  red  tint,  passing  into  green,  then  into  blue,  and  after- 
wards disappearing  altogether  on  the  addition  of  successive  portions  of 
water.  The  deep-red  fuming  acid  of  commerce,  called  nitrous  acid,  is  simply 
nitric  acid  impregnated  with  nitrogen  tetroxide. 

Nitrogen  tetroxide  is  decomposed  by  water  at  very  low  temperatures  in 
8uch  a  manner  as  to  yield  nitric  and  nitrous  acid ;  f  but  when  added  to 
excess  of  water  at  ordinary  temperatures,  it  yields  nitric  acid,  and  the 
products  of  decomposition  of  nitrous  acid,  namely,  nitric  acid  and  nitrogen 
dioxide.  In  like  manner,  when  passed  into  alkaline  solutions,  it  forms  a 
nitrate  and  a  nitrite  of  the  alkali-metal;  but  it  has  been  also  supposed  to 
unite  directly,  under  certain  circumstances,  with  metallic  oxides  —  lead 
oxide,  for  example  —  forming  definite  crystalline  salts,  and  has  hence  been 
called  hyponitrie  add;  but  it  is  most  probable  that  these  salts  are  compounda 
of  nitrates  and  nitrites.  { 

•  3NA  +        OH,    =        2N0,H        +  2NA 

Mitrogen  trioxide.         Water.         Nitric  acid.        Nitxx>g«n  dioxide. 

t  N,04  -H         OH,        =        NO3H        -h        NOjH 

Nitrogen  totroxlde.  Water.  Nitric  acid.         NitrooB  acid. 

XB,g^    SfNA-PbO)        =        (N0i)8Pb        +        rNOj)sPb 

Lead  hjponitnte.  Lead  nitrate.  L«cm1  nitrite. 

14  • 
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Nitrogen  appears  to  combine,  under  favorable  circumstances,  with  metals. 
When  iron  is  heated  to  redness  in  an  atmosphere  of  ammonia,  it  becomes 
brittle  and  crystalline,  and  shows  an  increase  in  weight,  said  to  vary  from 
6  to  12  per  cent. ;  while,  according  to  other  observers,  the  physical  charac- 
ters of  the  metal  are  changed  without  sensible  alteration  of  weight.  By 
heating  copper  in  ammonia,  no  compound  of  nitrogen  with  copper  is  pro- 
duced. But  when  ammonia  is  passed  over  copper  oxide  heated  to  800°, 
water  is  formed,  and  a  soft  brown  powder  produced,  which,  when  heated 
further,  evolves  nitrogen,  and  leaves  metallic  copper.  The  same  effect  is 
produced  by  the  contact  of  strong  acids.  A  similar  compound  of  chromium 
with  nitrogen  appears  to  exist. 

NITROQEN  AND  HYDROGEN;  AMMONIA. 

When  powdered  sal-ammoniac  is  mixed  with  moist  calcium  hydrate 
(slaked  lime),  and  gently  heated  in  a  glass  flask,  a  large  quantity  of  gas- 
ecus  matter  is  disengaged,  which  must  be  collected  over  mercury,  or  by 
displacement,  advantage  being  taken  of  its  low  specific  gravity. 

Ammonia  gas  thus  obtained  is  colorless ;  it  has  a  strong  pungent  odor, 
and  possesses  in  an  eminent  degree  those  properties  to  which  the  term 
alkaline  is  applied ;  that  is  to  say,  it  turns  the  yellow  color  of  turmeric  to 
brown,  that  of  reddened  litmus  to  blue,  and  combines  readily  with  acids, 
neutralixing  them  completely ;  by  these  reactions  it  is  easily  distinguished 
from  all  other  bodies  possessing  the  same  physical  characters.  Under  a 
pressure  of  6*6  atmospheres  at  16*6^,  ammonia  condenses  to  the  liquid 
form.  *  Water  dissolves  about  700  times  its  volume  of  this  gas,  forming 
a  solution  which  in  a  more  dilute  state  has  long  been  known  under  the 
name  of  liquor  ammonia;  by  heat,  a  great  part  is  again  expelled  j-  The 
solution  is  decomposed  by  chlorine,  sal-ammoniac  being  formed,  and  ni- 
trogen set  free. 

Ammonia  has  a  density  of  0*589 ;  a  litre  weighs  0*76271  grams.  It  can- 
not be  formed  by  the  direct  union  of  its  elements,  although  it  is  sometimes 
produced  under  rather  remarkable  circumstances  by  the  deoxidation  of 
nitric  acid.}  The  great  sources  of  ammonia  are  the  feebly  compounded 
azotised  principles  of  the  animal  and  vegetable  kingdoms,  which,  when  left 
to  putrefactive  change,  or  subjected  to  destructive  distillation,  almost  in- 
variably give  rise  to  an  abundant  production  of  this  substance. 

The  analysis  of  ammonia  gas  is  easily  effected.  When  a  portion  is  con- 
fined in  a  graduated  tube  over  mercury,  and  electric  sparks  passed  through 
it  for  a  considerable  time,  the  volume  of  the  gas  gradually  increases  until 
it  becomes  doubled.  On  examination,  the  tube  is  found  to  contain  a  mixture 
of  3  measures  of  hydrogen  gas  and  1  measure  of. nitrogen.  Every  two 
volumes  of  the  ammonia,  therefore,  contained  three  volumes  of  hydrogen 
and  one  of  nitrogen,  the  whole  being  condensed  to  the  extent  of  one  half. 
The  weight  of  the  two  constituents  is  in  the  proportion  of  3  parts  hydrogen 
to  14  parts  nitrogen.  { 

*  TAt  the  temperature  of  — 7f^  F..  liquid  ammonia  freosoe  into  a  colorlesi  solid,  heavier  than 
the  Hqiiid  itaelf.  — (FanidHy.)  —  K.  B.] 

t  A  concentrattid  solution  of  ammonia  has  recently  been  applied  by  M.  Carr6  for  produciDi: 
Intense  cold  (for  the  manufacture  of  ice).  The  appanitufl  n^ed  for  this  purpose  consfete  of  two 
strong  iron  cylindt^rs  connected  by  tubes,  the  one  cylinder  containing  the  solution  of  aro- 
monia,  the  other  being  empty,  and  the  whole  apparatus  being  perfectly  Sir-tight.  The  empty 
cylinder  is  now  cooled  with  water,  and  the  other  cylinder  is  gently  warmed.  The  ammonia 
escapes  ft-om  tlie  solution,  and  is  condensed  by  its  own  pressure  in  the  cooled  cylinder.  If  the 
source  of  heat  be  now  removed,  the  liquefied  ammonia  is  again  alworhed  by  the  water,  and  the 
heat  necessary  for  Its  transformation  into  vapor  l»eing  taken  from  the  Iron  vessel,  the  water 
surrounding  it  is  converted  into  ice:  by  this  process  the  temiM*rature  may  be  reduccNl  to  —MP 
C.  (+  6°  F.) 

X  A  mode  of  converting  the  nitrogen  of  the  atmosphere  Into  ammonia,  by  a  iiiocetsion  of 
chemical  operations,  will  l>e  found  under  the  h<Hul  of  Cyanogen. 

}  The  formula  of  ammonia  is  NH3. 
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I  mftj  a1«i  ba  decompoEcd  into  iU  elements  hj  trkiumitsioD 
throngh  ■  red>hot  tube. 

SolatioD  or  kmmonia  ii  a  Terj  yBlnable  resgent,  and  is  employed  to  a 
frcat  onmber  of  chemicBl  opentioiiB.  for  some  of  vhioh  il  is  neceiBtrj  ta 
bife  it  perreetl/  pure.     The  best  mode  of  prepsratioa  ii  the  following: 

Eqoal  wcighia  of  eal-Kmmoiiiiu  And  quiaklime  sre  taken ;  the  lime  !■ 
■Imksd  in  a  covered  basin,  and  tbe  salt  reduced  to  powder.  Tbese  are  mixed 
and  iotroduoed  ioto  tbe  flaak  emplajed  in  prrparing  eolution  of  bjdroofalorio 
atid,*  together  with  jusl  enough  water  to  damp  the  miiture,  and  cauee  it 
to  afgregate  ioto  lumps  ;  the  r«st  of  the  apparatus  it  arranged  exactly  as 
in  the  former  ease,  with  an  ounoe  or  two  of  water  in  the  wasb-bottle,  or 
tnoagh  to  eoTer  the  ends  of  tbe  lubes,  and  the  gas  conducted  afterwards 
iDLo  purs  distilled  water,  artificialij  cooled  ae  befcre.  The  cork  joints  are 
made  tight  with  wax ;  a  little  mercury  is  put  into  tbe  safetj-ftinnel,  heat 
ctDliansly  applied  to  the  flask,  and  the  whole  left  (n  itself.  The  disen- 
KifeneDt  of  ammonia  is  Terj  regular  and  uniform.  Calcium  ehloride, 
wiib  excess  of  ealoium  hydrate  (slaked  lime),  remains  in  the  flask. 

The  decomposition  of  the  salt  may  be  represented  in  the  manner  shown 
by  the  following  diagram : 

■-Water.  ~ 

I  ohlorids.f 

Solnllon  of  »mmonia  should  be  perfectly  colorless,  leave  no  residue  on 
cTipotation,  and  when  supersaturated  by  nitric  acid,  give  no  cloud  or  mud- 
diness  with  siWer  nitrate.  ltd  density  diminishes  with  its  strength,  that  of 
<h«  man  concentrated  being  about  0*875  ;  the  value  in  alkali  of  any  sample 
of  Uqacr  ammoniie  is  most  safely  inferred,  not  from  a  knowledge  of  Its 
density,  but  from  the  qnantity  of  acid  a  given  amount  will  saturate.  The 
node  of  conducting  this  experiment  will  be  found  described  under  Alka- 

Wkm  eolation  of  ammonia  is  mixed  with  acids  of  rarious  kinds,  salts  are 
ftBcrated,  which  resemble  in  the  most  complete  manner  tbe  correaponding 
(ntueiuRi  and  sodium  compounds:  these  are  best  diBCuseed  in  connection 
'Ltli  tLe  latter.}  Any  ammoniacal  salt  can  at  onoe  be  recognised  by  the 
tcglulion  of  ammonia  which  takes  place  when  il  is  heated  with  slaked  lime, 
ctMlalion  of  potash  or  soda. 


Thig  substance  occurs  in  a  state  of  purity,  and  crystallited,  in  two  distinct 
■ndiery  dissimilar  forma  —  namely,  as  diamond,  and  as  graphite  or  plum- 
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bago.  It  conBtitutes  a  large  proportion  of  all  organic  Btmctures,  animal 
and  vegetable :  when  these  latter  are  exposed  to  destructive  distillatioii  in 
close  vessels,  a  great  part  of  their  carbon  remains,  obstinately  retaining 
some  of  the  hydrogen  and  oxygen,  and  associated  with  the  earthy  and  aUcA- 
line  matter  of  the  tissue,  giving  rise  to  the  many  varieties  of  charcoal,  coke, 
etc.  This  residme,  when  perfectly  separated  from  all  foreign  matter,  eon> 
Btitutes  a  third  variety  of  carbon. 

The  diamond  is  one  of  the  most  remarkable  substances  known:  lon^ 
prised  on  account  of  its  brilliancy  as  an  ornamental  gem,  the  discovery  of 
its  curious  chemical  nature  confers  upon  it  a  high  degree  of  scientific  in- 
terest. Several  localities  in  India,  the  island  of  Borneo,  and  more  espe- 
cially Brazil,  furnish  this  beautiful  substance.  It  is  always  distinctly  crys- 
tallized, otten  quite  transparent  and  colorless,  but  now  and  then  having  a 
shade  of  yellow,  pink,  or  blue.  The  origin  and  true  geological  position  of 
the  diamond  are  unknown;  it  is  always  found  embedded  in  gravel  and 
transported  materials  whose  history  cannot  be  traced.  The  crystalline 
form  of  the  diamond  is  that  of  the  regular  octohedron  or  cube,  or  some  fi^ 
ure  geometrically  connected  with  these.  Many  of  the  octohedral  crystals 
exhibit  a  very  peculiar  appearance,  arising  from  the  faces  being  curved  or 
rounded,  which  gives  to  the  crystal  an  almost  spherical  figure. 

The  diamond  is  infusible  and  unalterable  even  by  a  very  intense  heat, 
provided  air  be  excluded ;  but  when  heated,  thus  protected,  between  the 
poles  of  a  strong  galvanic  battery,  it  is  converted  into  coke  or  graphite ; 
heated  to  whiteness  in  a  vessel  of  oxygen,  it  burns  with  facility,  yielding 
carbonic  acid  gas. 

FSg,  117. 


The  diamond  is  the  hardest  substance  known :  it  admits  of  being  split  or 
cloven  without  difficulty  in  certain  particular  directions,  but  can  only  be 
cut  or  abraded  by  a  second  portion  of  the  same  material;  the  powder  rubbed 
off  in  this  process  serves  for  polishing  the  new  faces,  and  is  also  highly  use- 
ful to  the  lapidary  and  seal-engraver.  One  very  curious  and  useful  appli- 
cation of  the  diamond  is  made  by  the  glazier:  ^frtigment  of  this  mineral, 
like  a  bit  of  flint,  or  any  other  hard  substance,  scratches  the  surface  of  the 
glass ;  a  cryatal  of  diamond  having  the  rounded  octohedral  figure  spoken  of, 
held  in  one  particular  position  on  the  glass  —  namely,  with  an  edge  formed 
by  the  meeting  of  two  adjacent  iaces  presented  to  the  surface  —  and  then 
drawn  along  with  gentle  pressure,  causes  a  split  or  cut,  which  penetrates 
to  a  considerable  depth  into  the  glass,  and  determines  its  fracture  with  per- 
fect certainty. 

Graphite  or  plumbago  appears  to  consist  essentially  of  pure  carbon,  al- 
though most  specimens  contain  iron,  the  quantity  of  which  varies  from  a 
mere  trace  up  to  five  per  cent.  Graphite  is  a  somewhat  rare  mineral:  the 
finest  and  most  valuable  for  pencils  is  broujrht  from  Borrowdale,  in  Cumber- 
land, where  a  kind  of  irregular  vein  is  found  traversing  the  ancient  slate 
beds  of  that  district.*    Crystals  are  not  common:  when  they  occur,  they 

•  Tlio  fn-Bphite  which  cAn  !»e  dln»ctly  nit  for  licnriln  ocmrrinft  only  In  limited  qoAntity, 
poii'diTf'd  icmphite.  olitnlnfd  from  th«'  Inr-rlur  v>ii  i«'f»i»«  of  tho  mineral,  i«  now  freoneittly 
consul itlii ted  for  this  piiip<iee.     The  nnH-lianlral  flivls.ion  of  graphite  preMnta  con«ia«rabl« 
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hATe  the  fignre  of  a  short  six-sided  prism — a  form  beariag  no  geometrio 
reUtion  to  that  of  the  diamond. 

Graphite  is  often  formed  artificially  in  certain  metallurgie  operations: 
the  brilliant  scales  which  sometimes  separate  from  melted  cast-iron  on 
cooling,  called  by  the  workmen  "kish,"  consist  of  graphite. 

Lampblack,  the  soot  produced  by  the  imperfect  combustion  of  oil  or 
resin,  is  the  best  example  that  can  be  given  of  carbon  in  its  uncrystallized 
or  amorphous  state.  To  the  same  class  belong  the  different  kinds  of  char- 
coaL  That  prepared  from  wood,  either  by  distillation  in  a  large  iron  retort, 
or  by  the  smothered  combustion  of  a  pile  of  fagots  partially  covered  with 
earth,  is  the  moat  valuable  as  fuel.  Coke,  the  charcoal  of  pit-coal,  is  much 
more  impure ;  it  contains  a  large  quantity  of  earthy  matter,  and  very  often 
sulphur,  the  quality  depending  very  much  upon  the  mode  of  preparation. 
Charcoal  from  bones  and  animal  matters  in  general  is  a  very  valuable  sub- 
etanee,  on  account  of  the  extraordinary  power  it  possesses  of  removing 
coloring  matters  from  organic  solutions ;  it  is  used  for  this  purpose  by  the 
sugar-refiners  to  a  very  great  extent,  and  also  by  the  manufacturing  and 
scientific  chemist.  The  property  in  question  is  possessed  by  all  kinds  of 
charcoal  in  a  small  degree. 

Charcoal  made  from  box,  or  other  dense  wood,  has  the  property  of  con- 
densing gases  and  vapors  into  its  pores :  of  ammoniacal  gas  it  is  said  to 
absorb  not  less  than  ninety  times  its  volume,  while  of  hydrogen  it  takes  up 
less  than  twice  its  own  bulk,  the  quantity  being  apparently  connected  with 
the  property  in  the  gas  of  suffering  liquefaction.  This  property  of  absorb- 
ing gases,  as  well  as  the  decolorizing  power,  no  doubt  depends  in  some  way 
upon  the  same  peculiar  action  of  surface  so  remarkable  in  the  case  of  pla- 
tinum in  a  mixture  of  oxygen  and  hydrogen.  The  absorbing  power  is,  in- 
deed, considerably  increased  by  saturating  charcoal  with  solution  of  pla- 
tinum, and  subsequently  igniting  it,  so  as  to  coat  the  charcoal  with  a  thin 
film  of  platinum.  Dr.  Stenhouse,  who  suggested  this  plan,  finds  that  the 
gases  thus  absorbed  undergo  a  kind  of  oxidation  within  the  pores  of  the 
charcoaL* 

Compounda  of  Carbon  and  Oxygen, 
There  are   two  direct  inorganic  compounds   of   carbon    and    oxygen 

difficaltj«t,  which  may  be  entirely  obTiated  by  adopting  a  chemical  procem  enggeeted  by  Sir 
kajjimin  Brodie,  applicable,  however, only  tu  certjiin  ViftiiHtius,  such  as.Ceylun  graphite.  Thii» 
prooeM  contfiste  in  introdncing  the  coar<iely  powdered  graphite,  preTiou«ly  mixed  with  -X.  of 
itd  wHght  of  potasslnm  chlorate,  into  2  part«  of  conrentratfd  Huiphnric  acid,  which  Is  heated 
in  a  vater-bath  aiitil  tb«  evolution  of  acid  fnmes  ceaeee.  The  acid  is  then  removed  by  water, 
sod  tlie  gn4>hite  dried.  Thus  prepared,  this  substance,  when  h(<ated  to  a  teiiiperaturo  ap< 
pn«ehiBg  a  rod  heat,  swells  up  to  a  bulky  mass  of  finely  divided  graphite.  The  graphite 
Ut^ly  diicftvered  in  Siberia,  which  attractetl  such  genend  attention  at  the  Kxhibitlou  of  1861^ 
Hkewise  admits  of  being  purified  by  Sir  B.  Brodie's  process. 

[•  It  removes  fktim  solntiun  in  water  the  vegetable  bases,  bitter  principles,  and  astringent 

w»«»laooe8  when  employed  in  excess,  requiring  from  twice  to  twenty  times  their  weight  for 

tor.a  prvcipiUtion.    A  solution  of  iodine  in  water,  or  of  iodide  of  potassium,  is  quickly  deprived 

of  color.    Metallic  salts  dissolved  In  water,  or  diluted  alcohol,  are  precipitated,  though  not 

«a«rely,  requiring  about  thirty  times  their  weight  of  annual  charcoal.     Arscnious  acid  is 

touUy  carried  out  of  solution.    In  these  cases  it  acts  In  three  different  ways :  the  salt  is  ab- 

wrbed  unaltered;  the  oxide  In  th'<  salt  may  be  reduced;  or,  the  salts   precipitated  In  a  basic 

niwiition,  the  solution  showing  an  acid  reaction  as  soon  as  the  carbon  begins  to  act.    It  is  in 

taw  last  case  Mpecially  th?it  traces  of  the  babies  can  be  det<N:ted,  the  acid  spt  free  preventing 

«Mr  totol  preciplUtJon.    The  precipitation  may  hence  be  prevents  bv  adding  an  excess  of 

«ri<l,uid  the  bases  after  precipitation  may  be  dissolved  out  by  boiling  with  an  acid  solution.— 

»wrinict/.n.  Mem.  Chlm.  Soc.  1845:  Oarrod,  Pharm.  Jonrn.  1845;  Weppen,  Ann.  d«  Chini.1845. 

v>«ri«o  u  a  combustible  uniting  with  oxygen  and  producing  carlionic  acid.    Its  difTurent  forms 

*xiiti>itmtichdifrerHnce  In  thU  respect:  in  the  verv  pf)rons  condition  of  charcoal  It  burns 

WMily,  while  in  Itn  m«iat  dense  form,  the  diamond,  it  requires  a  bright-red  heat  and  pure 

wygeo  MS.    In  the  form  of  charcoal,  it  conducts  hent  slowly  and  electricity  readily.    Carbon 

tlir**  p  »  ?  '~'*'  *"**  °®*  ^^^^^  ^  ^  affected  by  air  and  moiature.    It  retards  putrefao- 
•*'^^il.  B.J 


called  ou-hon  monosida  uid  owbon  dioxide:   their  eompodlioa  maj  be 
thus  eUted: 

Ounjioritlnn  by  wrIgtA 

Ctrbon  monoiide        ...    12  Iti 

Carbon  dioxide        ...         12  82 

Casdon  Dioxidb,  or  Carbomio  Oxins  (commonly  called  Carbonic  Aad), 
ia  always  proiluced  when  cbarcoal  burns  id  air  or  oxygen  gaa:  it  is  moat 
eonTcniently  obtained,  however,  for  study,  by  decampoaiog  a  carbonate 
with  one  of  the  stronger  acids.  For  tbie  purpose,  the  apparalua  Tor  gen- 
erating hydrogen  may  again  be  employed:  Fragments  of  marble  are  put 
into  tbe  bottle  with  enough  water  to  cover  Ibe  eilremily  of  the  rannel- 
tube,  and  hydrochloric  or  nitric  acid  is  added  by  the  latter,  until  tbe  gaa  is 
freely  diaungeged.  Chalk-powder  and  dilute  sulphuric  scid  may  be  used 
ins(eiid,  Tbe  gns  may  be  collected  oTer  water,  although  with  some  loss; 
or  very  conveniently  by 'displacement,  if  it  be  required  dry,  as  shown  in 
flg.  118.     The  lung  drying<tube  is  filled  with  fragments  of  calcium  chloride. 


^ 


inches  weighing  47'2S  grain 


and  the  heavy  gas  is  conducted  to  the  bottom  of  the  vetisel  in  which  it  Is 
to  be  received,  the  mouth  of  the  latter  being  lightly  closed.* 

Carbon  dioxide  is  a  colorless  gas  \  it  hns  iin  agreeable  pungent  taste  And 
Dolor,  but  cannot  be  respired  for  a  minute  without  insensibility  following. 
Its  speciflo  gravity  i«  l-624.f  a  litre  weighing  1'9G6G1  grams  and  lOOcubie 
■     ■  "   ■  ing47'2«  grains. 

very  hurtful   to   animal    life,   STen 
when  largely  diluted  with  air;   it   acts   ks   ■   nar- 


Kn  inrtfrfttit'tj/  iiprrnL-  TLivM  Ktv  miide  by  bvlHltri^  ■  |>i«^  of 
•hmhi  LiKJin-niblK-T  J4h#f'ly  rMiiDtl  ft  fimm  tutt«  or  rrril.  and  cnttiuje 
otf  liia  FulH'rfluuuFi  |ii»rtiip|i  wtth  olrtrp  itJiaaii       Th<»   fitvb-TDt 
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cotic  poison.  Hence  the  danger  arieing  from  imperfect  rentilation, 
the  use  of  fireplaces  and  stoves  of  all  kinds  unprovided  with  proper 
chimneys,  and  the  crowding  together  of  many  individuals  in  houses 
and  ships  without  efficient  means  for  renewing  the  air;  for  carbon 
dioxide  is  constantly  disengaged  during  the  process  of  respiration,  which, 
as  we  have  seen  (p.  131),  is  nothing  but  a  process  of  slow  combustion. 
This  gas  is  sometimes  emitted  in  large  quantity  from  the  earth  in  volcanic 
distriete,  and  it  is  constantly  generated  where  organic  matter  is  in  the  act 
of  undergoing  fermentive  decomposition.  The  fatal  **  after-damp  "  of  the 
coal-mines  contains  a  large  proportion  of  carbon  dioxide. 

A  lighted  taper  plunged  into  carbon  dioxide  is  instantly  extinguished 
even  to  the  red-hot  snuff.  When  diluted  with  three  times  Its  volume  of 
air,  it  still  retains  the  power  of  extinguishing  a  light.  The  gas  is  easily 
known  from  nitrogen,  which  is  also  incapable  of  supporting  combustion, 
by  its  rapid  absorption  by  caustic  alkali,  or  by  lime-water ;  the  turbidity 
communicated  to  the  latter  from  the  production  of  insoluble  calcium  car- 
bonate is  very  characteristic. 

Cold  water  dissolves  about  its  own  volume  of  carbon  dioxide,  whatever 
be  the  density  of  the  gas  with  which  it  is  in  contact  (comp.  p.  151);  the 
solation  temporarily  reddens  litmus-paper.  In  common  soda-water,  and 
also  in  effervescent  wines,  examples  may  be  seen  of  the  solubility  of  the 
gas.    Even  boiling  water  absorbs  a  perceptible  quantity. 

Some  of  the  interesting  phenomena  attending  the  liquefaqtion  of  carbon 
dioxide  have  been  already  described :  it  requires  for  the  purpose  a  pres- 
sure of  between  27  and  28  atmospheres  at  0**,  according  to  Mr.  Adams. 
The  liquefied  oxide  is  colorless  and  limpid,  lighter  than  water,  and  four 
times  more  expansible  than  air:  it  mixes  in  all  proportions  with  ether, 
alcohol,  naphtha,  oil  of  turpentine,  and  carbon  disulphide,  and  is  insoluble 
in  water  and  fat  oils.  In  this  condition  it  does  not  exhibit  any  of  the 
properties  of  an  acid. 

Carbon  dioxide  exists,  as  already  mentioned,  in  the  air:  relatively  its 
quantity  is  but  small ;  but  absolutely,  taking  into  account  the  vast  extent 
of  the  atmosphere,  it  is  very  great,  and  fully  adequate  to  the  purpose  for 
which  it  is  designed,  — namely,  to  supply  to  plants  their  carbon,  these  lat- 
ter having  the  power,  by  the  aid  of  their  green  leaves,  of  decomposing 
carbon  dioxide,  retaining  the  jsarbon,  and  expelling  the  oxygen.  The 
presence  of  light  is  essential  to  this  effect,  but  of  the  manner  in  which  it 
is  produced  we  are  yet  ignorant. 

The  carbonates  form  a  very  large  and  important  group  of  salts,  some  of 
which  occur  in  nature  in  great  quantities,  as  the  carbonates  of  calcium 
and  magnesium.     They  contain  the  elements  of  carbon  dioxide  and  a  me- 
tallic oxide:  calcium  carbonate,  for  example,  being  composed  of  44  parts 
by  weight  of  carbon  dioxide  and  56  parts  of  calcium  oxide  or  lime,  or  of 
12  carbon,  48  oxygen,  and  40  calcium ;  *  but  they  are  never  formed  by  the 
direct  union  of  dry  carbon  dioxide  with  a  dry  metallic  oxide,  the  inter- 
vention of  water  being  always  required  to  bring  about  the  combination. 
Potassium  carbonate  (pearlash)  is  the  chief  constituent  of  wood-ashes; 
sodium  carbonate  is  contained  in  the  ashes  of  marine  plants,  and  is  manu- 
factured on  a  very  large  scale  by  heating  sodium  sulphate  with  lime  and 
coaL    These  carbonates  are  soluble  in  water.     The  other  metallic  carbon- 
ates, which  are  insoluble,  may  be  formed  by  mixing  a  solution  of  potas- 
siam  or  sodium  carbonate  with  a  soluble  metallic  salt ;  thus,  when  solu- 
tions of  lead  nitrate  and  sodium  carbonate  are  mixed  together,  the  lead 
and  sodium  change  places,  forming  sodium  nitrate,  which  remains  dis- 
Mlved,  and  lead  carbonate,  which,  being  insoluble  in  water,  is  precipi- 

*  00^  or  OOfCaO. 
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iated  *  in  the  form  of  %  white  powder.     This  is  an  example  of  double  de- 
eompontion,  the  most  frequent  of  all  forms  of  chemical  action. 

The  solution  of  carbon  dioxide  in  water  may  be  supposed  to  contaia 
hydrogen  carbonate^  or  carbome  acidy  consisting  of  12  parts  by  weight  of 
carbon,  48  oxygen,  and  2  hydrogen ;  f  but  this  compound  is  not  known  in 
the  separate  state,  only  in  aqueous  solution. 

Carbon  Monoxidb,  or  Cabbonous  Oxidb  (commonly  called  Carbonic 
Oxide). — When  carbon  dioxide  is  passed  over  red-hot  charcoal  or  metallic 
iron,  one-half  of  its  oxygen  is  remoyed,  and  it  becomes  conyeriad  into 
carbon  monoxide.  A  very  good  method  of  preparing  this  gas  is  to  intro- 
duce  into  a  flask  fitted  with  a  bent  tube  some  crystallized  oxalic  acid,  or 
salt  of  sorrel,  and  pour  upon  it  fiye  or  six  times  as  much  strong  oil  of 
vitriol. J  On  heating  the  mixture,  the  organic  acid  is  resolved  into  water, 
carbon  dioxide,  and  carbon  monoxide ;  and  by  passing  the  gases  through 
a  strong  solution  of  caustic  potash,  the  first  is  withdrawn  by  absorption, 
while  the  second  remains  unchanged.  Another  and,  it  may  be,  preferable 
method,  is  to  heat  finely  powdered  yellow  potassium  ferrocyanide  with 
eight  or  ten  times  its  weight  of  concentrated  sulphuric  acid.  The  salt  is 
entirely  decomposed,  yielding  a  most  copious  supply  of  perfectly  pure 
carbonous  oxide  gas,  which  may  be  collected  over  water  in  the  usual 
manner.} 

Carbon  monoxide  is  a  combustible  gas ;  it  burns  with  a  beautiful  pale- 
blue  flame,  generating  carbon  dioxide.  It  has  never  been  liquefied.  It  is 
colorless,  has  very  little  odor,  and  is  extremely  poisonous — much  more  so 
than  carbon  dioxide.  Mixed  with  oxygen,  it  explodes  by  the  electric  ^park, 
but  with  some  difliculty.  Its  specific  gravity  is  0*978;  a  litre  weighs 
1'2615  grams;  100  cubic  inches  weigh  80*21  grains. 

The  relation  by  volume  of  these  oxides  of  carbon  may  thus  be  made  in- 
telligible: carbon  dioxide  contains  its  own  volume  of  oxygen,  that  gas 
sufifering  no  change  of  bulk  by  its  conversion.  One  measure  of  carbon 
monoxide,  mixed  with  half  a  measure  of  oxygen  and  exploded,  yields  one 
measure  of  carbon  dioxide ;  hence  carbon  monoxide  contains  half  its  volume 
of  oxygen. 

Carbon  monoxide  unites  with  chlorine  under  the  influence  of  light,  form- 
ing a  pungent,  suffocating  compound,  possessing  acid  properties,  called 
phosgene  gat^  or  carbonyl  chloride.  It  made  by  mixing  equal  volumes  uf 
carbon  monoxide  and  chlorine,  both  perfectly  dry,  and  exposing  the  mix- 
ture to  sunshine:  the  gases  unite  quietly,  the  color  disappears,  and  the 
volume  becomes  reduced  to  one  half.  A  more  convenient  method  for  pre- 
paring this  gas  consists  in  passing  carbon  monoxide  through  antimony 
pentachloride.     It  is  decomposed  by  water. 


OOkNa,       H-       (N0i),Pb       =       2N08Na       +       OQ,Pb 


Sodium  Lead  Sudlum  Lead 

carbonate.  nitrate.  nitrate.  carbonate. 

t  GOsH,  or  0(V)Ht. 

$200411,       =       CO       +       C0|       -I-       OH, 
Oxalic  Carbon  Carbon  Water, 

acid.  monoxide.         dioxide. 

\  The  reaction  is  represented  by  the  equation : 

GsN«K4Fe    -f    60H,    +    ^SXS^    =    600    +    28O4K,    ■\-    3S04(NH4),    -h    S04Fe 

Potaasinm         Water.        Sulphuric      Carbon      Potaraium        Ammonium  Ferroua 

ferrocyanide.  acid.         monoxide,     sulphate.  aulphate.  mlphaUL 

See  a  paper  by  the  author  in  the  Memoirs  of  the  Chemical  Society,  i.  251. 
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Compounds  of  Carbon  and  Bydrogtn, 

Tbe  compounds  of  carbon  and  hydrogen  already  known  arc  exceedingly 
numerous:  perhaps  all,  in  strictness,  belong  to  the  domain  of  organic 
chemistry,  as  they  cannot,  except  in  very  few  cases,  be  formed  by  the  di- 
rect union  of  their  elements,  but  alway^i  arise  from  the  decomposition  of  a 
complex  body  of  organic  origin.  It  will  be  found  convenient,  notwith- 
standing, to  describe  two  of  them  in  this  part  of  the  Tolume,  as  they  very 
well  illustrate  the  important  subjects  of  combustion  and  the  nature  of  ilamo. 

MsTHAMB or  Marsh  Gas;  LiqhtCarbonbtted  Htdrooen;  Firb-damp. — 
This  gas  is  but  too  often  found  to  be  abundantly  disengaged  in  coal- 
m^ines  from  the  fresh-cut  surface  of  the  coal,  and  from  remarkable  aper- 
tures or  ''blowers,"  which  emit  for  a  great  length  of  time  a  copious  stream 
or  jet  of  gas,  probably  existing  in  a  state  of  compression,  pent  up  in  the 

The  mud  at  the  bottom  of  pools  in  which  water-plants  grow,  on  being 
stirred,  suffers  bubbles  of  gas  to  esci^pe,  which  may  be  easily  collected. 
This,  on  examination,  is  found  to  be  chiefly  a  mixture  of  light  carbonetted 
hydrogen  and  carbon  dioxide :  the  latter  is  easily  absorbed  by  lime-water 
or  emustio  potash. 

For  a  long  time,  no  method  was  known  by  which  the  gas  in  question 
could  be  produced  in  a  state  approaching  to  purity  by  artificial  means; 
tbe  various  illuminating  gases  from  pit-coal  and  oil,  and  that  obtained  by 
ptissing  the  vapor  of  alcohol  through  a  red-hot  tube,  contain  large  quan- 
tities of  light  carbonetted  hydrogen,  associated,  however,  with  other  sub- 
stances which  hardly  admit  of  separation;  but  Dumas  has  discovered  a 
method  by  which  that  gas  can  be  produced  at  will ;  perfectly  pure,  and 
in  any  quantity.* 

A  mixture  is  made  of  40  parts  crystallized  sodium  acetate,  40  parts  solid 
■odium  hydrate,  and  60  parts  quicklime  in  powder.  This  mixture  is  trans- 
ferred to  a  flask  or  retort,  and  strongly  heated ;  the  gas  is  disengaged  in 
great  abundance,  and  may  be  collected  over  water,  while  sodium  carbonate 
remains  behind. f 

Methane  is  a  colorless  and  nearly  inodorous  gas,  which  does  not  affect 
vegetable  colors.  It  burns  with  a  yellow  flame,  generating  carbon  dioxide 
and  water.  It  is  not  poisonous,  and  may  be  respired  to  a  great  extent 
without  apparent  injury.  The  density  of  this  compound  is  about  0*559,  a 
litre  weighing  0.71558  grams,  and  100  cubic  inches  weighing  17*41  grains } 
it  contains  carbon  and  hydrogen  associated  in  the  proportion  of  IJ  pans 
by  weight  of  the  former  to  4  of  the  latter. { 

When  100  measures  of  this  gas  are  mixed  with  200  of  pure  oxygen  in  the 
eudiometer,  and  the  mixture  exploded  by  the  electric  spark,  100  measures 
of  gas  remain,  which  are  entirely  absorbable  by  a  little  solution  of  caustic 
potash.  Now,  carbon  dioxide  contains  its  own  volume  of  oxygen:  hence 
one-half  the  oxygen  added  —  that  is,  100  measures  —  must  have  been  con- 
samed  in  uniting  with  the  hydrogen.  Consequently,  the  gas  must  contain 
twice  its  own  measure  of  hydrogen,  and  enough  carbon  to  produce,  when 
completely  burned,  an  equal  quantity  of  carbon  dioxide. 

•  Ann.  Chim.  Phya  Ixxtil.  98. 

t  Tlw  reactioD  ki  rc^eMnted  by  the  equation : 

CsH^Na      -f      NrHO      =      CH*      +      COaNa, 
dodiuiu  Sudium  Marah  Sodium 

acetate.  hydrate.  ga».  carbonate. 

TIM  BM  of  tbe  lime  ia  merely  to  prevent  the  sodium  hydrate  from  fUidng  and  attacking  the 


X  Tbe  two  carUdee  of  hydrogen  here  described  are  represented  by  the  follovring  formula 
Metbane  or  Marsh  gu    .    .    CH4.  Ethene  or  Oleflant  gaa    .    .    CsU|- 

15 


170  COMPOUNDS   OF   CABBON   AND   HYDBOGKN. 

When  clilorine  is  mixed  with  marsh  gas  oyer  water,  no  change  follows, 
provided  light  be  excluded.  The  presence  of  light,  however,  brings  about 
decomposition,  hydrochloric  acid,  carbon  dioxide,  and  sometimes  other 
products,  being  formed.  It  is  important  to  remember  that  this  gas  is  not 
acted  upon  by  chlorine  in  the  dark. 

Ethene  or  Olepiant  Gas.  —  Strong  spirit  of  wine  is  mixed  with  five  or 
six  times  its  weight  of  oil  of  vitriol  in  a  glass  flask,  the  tube  of  which  pa^Fes 
into  a  wash-bottle  containing  caustic  potash.     A  second  wash-bottle,,  partly 
filled  with  oil  of  vitriol,  is  connected  with  the  first,  and  furnished  with  a 
tube  dipping  into  the  water  of  the  pneumatic  trough.     On  the  first  applica- 
tion of  heat  to  the  contents  of  the  flask,  alcohol,  and  afterwards  ether, 
make  their  appearance;  but,  as  the  temperature  rises,  and  the  mixture 
blackens,  the  ether-vapor  diminishes  in  quantity,  and  its  place  becomes  in 
great  part  supplied  by  a  permanent  inflammable  gas;  carbon  dioxide  and 
sulphurous  oxide  are  also  generated  at  the  same  time,  besides  traces  of 
other  products.     The  two  last-mentioned  gases  are  absorbed  by  the  alkali 
in  the  first  bottle,  and  the  ether-vapor  by  the  acid  in  the  second,  so  that  the 
defiant  gas  is  delivered  tolerably  pure.     The  entire  reaction  is  too  complex 
to  be  discussed  at  the  present  moment ;  it  will  be  found  fully  described  in 
another  part  of  the  volume ;  but  the  ethene  may  be  regarded  as  resulting 
from  a  simple  dehydration  of  the  alcohol  by  the  oil  of  vitriol.*    Olefiant 
gas  thus  produced  is  colorless,  neutral,  and  but  slightly  soluble  in  water. 
Alcohol,  ether,  oil  of  turpentine,  and  even  olive  oil,  as  Faraday  has  observed, 
dissolve  it  to  a  considerable  extent.     It  has  a  faint  odor  of  garlic.     On  the 
approach  of  a  kindled  taper,  it  takes  fire,  and  burns  with  a  splendid  white 
light,  far  surpassing  in  brilliancy  that  produced  by  marsh  gas.     This  gas, 
when  mixed  with  oxygen,  and  fired,  explodes  with  extreme  violence.     Its 
density  is  0*981 ;  a  litre  weighs  1*25194  grams;  100  cubic  inches  weigh 80*57 
grains. 

By  the  use  of  the  eudiometer,  as  already  described,  it  has  been  found  that 
each  measure  of  ethene  requires  for  complete  combustion  exactly  three  of 
oxygen,  and  produces  under  these  circumstances  two  measures  of  carbon 
dioxide ;  whence  it  is  evident  that  it  contains  twice  its  own  volume  of  hy- 
drogen  combined  with  twice  as  much  carbon  as  in  methane. 

By  weight,  these  proportions  will  be  24  parts  carbon  and  4  parts  hydrogen. 

Ethene  is  decomposed  by  passing  it  through  a  tube  heated  to  bright  red- 
ness ;  a  deposit  of  charcoal  and  tar  takes  place,  and  the  gas  becomes  con- 
verted into  marsh  gas,  or  even  into  free  hydrogen,  if  the  temperature  be  very 
high.     This  latter  change  is,  of  course,  attended  by  increase  of  volume. 

Chlorine  acts  upon  ethene  in  a  very  remarkable  manner.  "When  the  t^o 
bodies  are  mixed,  even  in  the  dark,  they  combine  in  equal  measures,  and 
give  rise  to  a  heavy  oily  liquid,  of  sweetish  taste  and  ethereal  odor,  to 
which  the  name  of  ethene  chloride,  or  Dutch  liquid,f  is  given.  It  is  from 
this  peculiarity  that  the  term  olefiant  gas  is  derived. 

A  pleasing  and  instructive  experiment  may  also  be  made  by  mixing  in  a 
tall  jar  two  measures  of  chlorine  and  one  of  ethene,  and  then  quickly  ap- 
plying a  light  to  the  mouth  of  the  vessel.  The  chlorine  and  hydrogen  unite 
with  flame,  which  passes  quickly  down  the  jar,  while  the  whole  of  the  carbon 
is  set  free  in  the  form  of  a  thick  black  smoke. 

Coal  and  Oil  Gases.  —  The  manufacture  of  coal-gas  is,  at  the  present 
moment,  a  branch  of  industry  of  great  interest  and  importance  in  several 
points  of  view.  The  process  is  one  of  great  simplicity  of  principle,  but 
requires,  in  practice,  some  delicacy  in  management  to  yield  a  good  result. 

•  CgiiflO         =  C2H4         +         OH, 

Alcohol.  Ethene.  Water. 

tQrH4Cl» 
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When  pit-coal  is  subjected  to  destructiye  distillation,  a  variety  of  products 
allow  themseWes  —  permanent  gases,  steam,  and  volatile  oils,  besides  a  not 
inconsiderable  quantity  of  anunonia  from  the  nitrogen  always  present  in 
the  coal.  These  substances  vary  very  much  in  their  proportions  with  the 
temperature  at  which  the  process  is  conducted,  the  permanent  gases  be- 
coming more  abundant  with  increased  heat,  but,  at  the  same  time,  losing 
much  of  their  value  for  the  purposes  of  illumination. 

The  coal  is  distilled  in  cast-iron  retorts,  maintained  at  a  bright-red  heat, 
and  the  volatilised  product  is  conducted  into  a  long  horizontal  pipe  of  large 
dimensions,  always  half  filled  with  liquid,  into  which  the  extremity  of  each 
separate  tube   dips:    this  is  called  the  hydraulic  main.     The  gas  and  its 
accompanying  vapors  are  next  made  to  traverse  a  refrigerator  —  usually  a 
series  of  iron  pipes,  cooled  on  the  outside  by  a  stream  of  water ;  here  the 
condensation  of  the  tar  and  the  ammoniacal  liquid  becomes  complete,  and 
the  gas  proceeds  onward  to  another  part  of  the  apparatus,  in  which  it  is 
deprived  of  the  sulphuretted  hydrogen  and  carbonic  acid  gases  always  pres- 
ent in  the  crude  product.     This  was  formerly  effected  by  slaked  lime,  which 
readily  absorbs  the  compounds  In  question.     The  use  of  lime,  however,  has 
been  almost  superseded  by  that  of  a  mixture  of  sawdust  and  iron  oxide. 
This  mixture,  after  having  been  employed,  is  exposed  for  some  time  to  the 
atmosphere,  and  is  then  fit  for  use  a  second  time.     The  purifiers  are  large 
iron  vessels,  filled  either  with  slaked  lime  or  with  the  iron  oxide  mixture. 
The  gas  is  admitted  at  the  bottom  of  the  vessel,  and  made  to  pass  over  a 
large  surface  of  the  purifying  agents.     The  last  part  of  the  operation, 
which,  indeed,  is  often  omitted,  consists  in  passing  the  gas  through  dilute 
sulphuric  acid,  in  order  to  remove  ammonia.     The  quantity  thus  separated 
is  very  small,  relatively,  to  the  bulk  of  the  gas,  but,  in  an  extensive  work, 
becomes  an  object  of  importance. 

Coal-gas  thus  manufactured  and  purified  is  preserved  for  use  in  immense 
cylindrical  receivers,  closed  at  the  top,  suspended  in  tanks  of  water  by 
chains  to  which  counterpoises  are  attached,  so  that  the  gas-holders  rise 
and  sink  in  the  liquid  as  they  become  filled  from  the  purifiers  or  emptied 
by  the  ntains.  These  latter  are  made  of  large  diameter,  to  diminish  as 
much  as  possible  the  resistance  experienced  by  the  gas  in  passing  through 
such  a  length  of  pipe.  The  joints  of  these  mains  are  still  made  in  so  im- 
perfect a  manner  that  immense  loss  is  experienced  by  leakage  when  the 
pressure  upon  the  gas  at  the  works  exceeds  that  exerted  by  a  column  of 
water  an  inch  in  height.* 

Coal-gas  varies  very  much  in  composition,  judging  from  its  variable  den- 
sity and  illuminating  powers,  and  from  the  analyses  which  have  been  made. 
The  difilculties  of  such  investigations  are  very  great,  and  unless  particular 
precaution  be  taken,  the  results  are  merely  approximative.  The  purified 
gas  is  believed  to  contain  the  following  substances,  of  which  the  first  is  the 
most  abundant,  and  the  second  the  most  valuable : 

Methane,  or  Marsh  gas. 
Ethene,  or  defiant  gas. 
Hydrogen. 

«  It  mav  giro  loine  idea  of  th<*  extent  of  this  species  of  manafactnre,  to  mention  that  in  the 
yeor  183S,  for  lighting  iioiiclon  and  the  Btiburbs  alone,  there  were  eighteen  public  gas-worka, 
aod  £^80i).CWO  inveated  In  pipes  and  apparatus.  The  yearly  rerenne  amounted  to  £460.000,  and 
the  conramption  of  coal  in  the  same  period  to  1S0,000  tons,  1460  miUiant  of  cubic  feet  of  gas 
briog  oiAdo  in  the  year.  There  were  134,300  private  ligtita,  and  30,400  street  lamps.  890  tuns 
of  ««1  were  ujwi  in  the  retorts  in  the  8paco  of  twenty-four  hours  at  mid-winter,  and  7,120,000 
cnWe  feet  of  gas  consumed  in  the  longest  night.  —  trr,  Dictionarff  nf  Art*  and  ManufacturtM. 

Miiee  tlmt  time,  the  prodvction  of  gas  bna  been  enormously  Increased.  The  amount  of  coal 
OKid  in  Lifmlon  for  ga«-making  in  1857  is  estimated  at  more  than  800,000  tons,  yielding  not  leas 
than  7,000,000  of  cubic  feet  of  gas.  In  the  same  year,  the  mains  in  the  London  streets  had 
reached  the  extraordinary  length  of  2000  miles. 
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Carbon  Monoxide. 

Nitrogen. 

Vapors  of  volatile  liquid  Hydroearbons.* 

Vapor  of  Carbon  Bisulphide. 


Separated  by  CondefuaUon  and  by  ike 

Tar  and  Volatile  Oils. 

Ammonium  Sulphate,  Chloride,  and  Sulphide. 

Hydrogen  Sulphide. 

Carbon  Dioxide. 

Hydrocyanic  acid,  or  Ammonium  Cyanide. 

Sulpbocyanic  acid,  or  Ammonium  Sulphocyanate. 

A  far  better  illuminating  gas  may  be  prepared  from  oil,  by  droppingr  '^ 
into  a  red-hot  iron  retort  filled  with  coke ;  the  liquid  is  in  great  part  decom- 
posed and  converted  into  permanent  gas,  which  requires  no  purification,  as 
it  is  quite  free  from  the  ammoniacal  and  sulphur  compounds  which  Titiat^ 
gas  from  coal.  Many  years  ago,  this  article  was  prepared  in  London  ;  it 
was  compressed  for  the  use  of  the  consumer  into  strong  iron  vessels,  to  the 
extent  of  30  atmospheres :  these  were  furnished  with  a  screw-valve  of  pe- 
culiar construction,  and  exchanged  for  others  when  exhausted.  The  com- 
parative high  price  of  the  material,  and  other  circumstances,  led  to  the 
abandonment  of  the  undertaking.  On  the  Continent,  gas  is  now  extensively 
prepared  frofn  wood. 

COMBUSTION,  AND  THE  STRUCTURE  OF  FT.AHE. 

When  any  solid  spbstancc  capable  of  bearing  the  fire  is  heated  to  a  cer- 
tain point,  it  emits  light,  the  character  of  which  depends  upon  the  tempera- 
ture. Thus,  a  bar  of  platinum  or  a  piece  of  porcelain,  raised  to  a  particu- 
lar temperature,  becomes  what  is  called  red-hot,  or  emissive  of  red  light : 
at  a  higher  degree  of  heat,  this  light  becomes  whiter  and  more  intense,  and 
when  urged  to  the  utmost,  as  in  the  case  of  a  piece  of  lime  placed  in  the 
flame  of  the  oxyhydrogen  blowpipe,  the  light  becomes  exceedingly  powerful, 
and  acquires  a  tint  of  violet.  Bodies  in  these  states  are  said  to  be  incau- 
deacent  or  ignited. 

Again,  if  the  same  experiment  be  made  on  a  piece  of  charcoal,  similar 
eff'ects  will  be  observed;  but  something  in  addition:  for  whereas  the  plati- 
num or  porcelain,  when  removed  from  the  fire,  or  the  lime  from  the  blow- 
pipe flame,  begin  immediately  to  cool,  and  emit  less  and  less  light,  until 
they  become  completely  obscure,  the  charcoal  maintains  to  a  great  extent 
its  high  temperature.  Unlike  the  other  bodies,  too,  which  suffer  no  chanf^o 
whatever,  either  of  weight  or  substance,  the  charcoal  gradually  wastes 
away  until  it  disappears.  This  is  what  is  called  eombuelion^  in  contradis- 
tinction to  mere  ignition ;  the  charcoal  burns,  and  its  temperature  is  kept 
up  by  the  heat  evolved  in  the  act  of  union  with  the  oxygen  of  the  air. 

In  the  most  general  sense,  a  body  in  a  8tat«  of  combustion  is  one  in  the  act 
of  undergoing  intense  chemical  action:  any  chemical  action  whatsoever,  if 
its  energy  rise  sufficiently  high,  may  produce  the  phenomenon  of  combus- 
tion, by  heatinff  the  hodtj  to  e^ich  an  extent  that  it  becomes  luminous. 

In  all  ordinary  cases  of  combustion,  the  action  lies  between  the  burning 
body  and  the  oxygen  of  the  air ;  and  since  the  materials  employed  for  tbe 
economical  production  of  heat  and  light  consist  of  carbon  chiefly,  or  that 
substance  conjoined  with  a  certain  proportion  of  hydrogen  and  oxygen,  all 
common  efl^ects  of  this  nature  are  cases  of  tbe  rapid  and  violent  oxidation 
of  carbon  and  hydrogen  by  the  aid  of  the  free  oxygen  of  the  air.    The  heat 

*  Those  iKxlics  increase  the  illuminating  power,  nnd  confer  on  the  gai  iti  p«cnliar  odor. 
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mutt  be  referred  to  Ihe  u:t  of  chemicml  union,  and  the  light  to  the  eleTkled 

Bj  Ihii  prmcipU,  it  ia  easy  to  undersUnd  the  means  nhieh  must  b« 
iJopleU  to  incrc&ae  the  beat  of  ordinar;  tires  to  the  point  ueceuary  to  melt 
refruiar;  meiaU.  and  to  bring  about  ceruin  d«aired  effecia  of  ebemieal 
decompositioD.  If  the  rule  of  consumption  of  the  fuel  can  be  increased  by 
»  Diiire  rapid  introduction  of  air  into  ibe  buroing  mass,  the  iateoait;  of  tha 
heal  will  of  neceaailf  rise  in  the  same  ratio,  the  quaalil;  of  beat  evolTed 
btiaf  fixed  and  definite  for  the  same  oonBlanl  quaolit;  o(  ebemieal  action. 
Thli  increased  supply  of  air  may  be  etfected  by  two  distinct  methods:  it 
nij  be  forced  into  the  Gre  by  bellows  or  blowing-machines,  as  in  the  com- 
niua  forge  and  in  the  blast  and  cupola-furnaces  of  the  iron-worker,  or  it 
mi;  be  drawn  through  the  burning  materials  b;  the  help  of  a  tall  chimney, 
tbe  fireplace  being  closed  ou  all  gidea,  and  no  entrance  of  air  allowed,  save 
belneen  the  bars  of  the  grate.  Such  is  tlie  kind  of  furnace  generally  em- 
plojcd  by  the  scientific  chemist  in  assaying  and  in  the  reduction  of  metallio 
oiides  by  charcoal :  the  principle  will  be  at  once  underslood  by  the  aid  of 
ibc  sectional  drawing  (Gg.  120),  in  which  a  crucible  is  tepreMQted  arranged 
in  Ike  fire  for  an  operation  of  the  kind  mantioned. 


The  "rererberaiory"  furnace  (flg.  121)  Is  one  very  mnch  used  in  the 
■rW  when  substances  are  to  be  eiposed  to  heat  without  contact  with  (he 
(ceL  tbe  fire-chamber  is  separated  from  the  bed  or  hearth  of  the  furnace 
hj  1  low  wall  or  bridge  of  brick-work,  and  the  flame  and  heated  air  are  re- 
lated downward  by  the  arched  form  of  the  roof.  Any  degree  of  heat  can 
l«  obtained  in  a  f\jmaCo  of  this  kind  —  from  the  temperature  of  dull  red- 
iitn  le  that  required  to  melt  Tcry  large  qnantities  of  east-iron.  The  fira 
i<  urged  by  a  chimney  provided  witb  a  sliding- plate,  or  damper,  to  regulate 
Oie  draogbt. 

Solids  and  liqnids,  ib  melted  metal,  possess,  when  snfliciently  heated, 
Ih*  fteally  of  emitting  light:  the  same  power  is  exhibited  by  gAseoiis 
Wies.  hat  Ibe  tempcrslnre  required  lo  render  a  gas  Inmiooas  is  iocnm- 
paribly  bwher  than  in  the  cases  already  descril>ed.  Qas  orTapor  in  this 
16* 
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condition  oonstitutes  jfam«,  the  aetoal  temperature  of  wliich  generally  ex- 
ceeds that  of  the  white  heat  of  solid  bodies. 

The  light  emitted  from  pure  flume  is  often  exceedingly  feeble;  but  the 
illuminating  power  may  be  immensely  increased  by  the  presence  of  solid 
matter.  The  flame  of  hydrogen,  or  of  the  mixed  gases,  is  scarcely  risible 
in  full  daylight;  in  a  dusty  atmosphere,  howeyer,  it  becomes  much  more 
luminous  by  igniting  to  intense  whiteness  the  floating  particles  with  which 
it  comes  in  contact.  The  piece  of  lime  in  the  blow-pipe  flnme  cannot  haTe 
a  higher  temperature  than  that  of  the  flame  itself;  yet  the  light  it  throws 
oflf  is  infinitely  greater. 

On  the  other  hand,  it  is  possible,  as  recently  pointed  out  by  Dr.  Frank- 
land,  to  produce  very  bright  flames  in  which  no  solid  particles  are  present 
Metallic  arsenic  burnt  in  a  stream  of  oxygen  produces  an  intense  white 
flame,  although  both  the  metal  itself  and  the  product  of  ita  combustion 
(arsenious  oxide)  are  gaseous  at  the  temperature  of  the  flame.  The  com- 
bustion of  a  mixture  of  nitrogen  dioxide  and  carbon  bisulphide  also  pro- 
duces a  dazzling  white  flame,  without  any  separation  of  solid  master. 

The  conditions  most  essential  to  luminosity  in  a  flame  are  a  high  tem- 
perature, and  the  presence  of  gases  or  vapors  of  considerable  density.  The 
efi^ect  of  high  temperature  is  seen  in  the  greater  brightness  of  the  flame 
of  sulphur,  phosphorus,  and  indeed  all  substances,  when  burnt  in  pure 
oxygen,  as  compared  with  that  which  results  from  their  combustion  in  com- 
mon air;  in  the  former  case  the  whole  of  the  substances  present  take  part 
in  the  combustion  and  generate  heat,  whereas  in  the  latter  the  temperature 
is  lowered  by  the  presence  of  a  large  quantity  of  nitrogen,  which  contrib- 
utes nothing  to  the  effect.  The  relation  between  the  luminosity  of  a  flame 
and  the  Tap<ir-densitie8  of  its  constituents  may  be  seen  fVom  the  following 
table,  in  which  the  vapor-densities  are  referred  to  that  of  hydrogen  as  unity. 

Relative  Denaiiiee  of  Gatet  and  Vapors, 


Hydrogen 

1 

Arsenious  chloride 

9} 

Water  .... 

.       9 

Phosphoric  oxide     . 

71,  or  142 

Hydrochloric  acid  . 

18i 

Metallic  arsenic  . 

.     150 

Carbon  dioxide    . 

.     22 

Arsenious  oxide 

198 

Sulphur  dioxide 

32 

A  comparison  of  these  numbers  shows  that  the  brightest  flames  are  those 
which  contain  the  densest  vapors.  Hydrogen  burning  in  chlorine  produces 
a  vapor  more  than  twice  as  heavy  as  that  resulting  from  its  combustion  in 
oxygen,  and  accordingly  the  light  produced  in  the  former  case  is  stronger 
than  in  the  latter;  carbon  and  sulphur  burning  in  oxygen  produce  vapors 
of  still  greater  density,  namely,  carbon  dioxide  and  sulphur  dioxide,  and 
their  combustion  gives  a  still  brighter  liglit;  lastly,  phosphorus,  which  has 
a  very  dense  vapor,  and  likewise  yields  a  product  of  great  vapor-density,* 
burns  in  oxygen  with  a  brilliancy  which  the  eye  can  scarcely  endure. 
Moreover,  the  luminosity  of  a  flame  is  increased  by  condensing  the  sur- 
rounding gaseous  atmosphere,  and  diminished  by  rarefying  it.  The  flame 
of  arsenic  burning  in  oxygen  may  be  rendered  quite  feeble  by  rarefying 
the  oxygen ;  and  on  the  contrary  the  faint  flame  of  an  ordinary  spirit-lamp 
becomes  very  bright  when  placed  under  the  receiver  of  a  condensing  pump. 
Jf'rankland  has  also  found  that  candles  give  much  less  light  when  burning 
on  the  top  of  Mont  Blanc  than  in  the  valley  below,  although  the  rate  of 
combustion  in  the  two  cases  is  nearly  the  same.  The  efl^ect  of  condensa- 
tion in  increasing  the  brightness  of  a.  flame  is  also  strikingly  seen  in  the 
oombustion  of  a  mixture  of  oxygen  and  hydrogen,  which  gives  but  a  feeble 
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/ighi  when  burnt  under  the  ordinary  atmospheric  pressure,  as  in  the  oxj- 
b  vdrogen  blowpipe,  but  a  rery  bright  flash  when  exploded  in  the  Cavendish 
eudiometer  (p.  144),  in  which  the  water-vapor  produced  by  the  combustion 
is  prevented  from  expanding. 

Flamea  burning  in  the  air,  and  not  supplied  with  oxygen  from  another 
grmrce,  are,  as  already  stated,  hollow,  the  chemical  action  being  necessarily 
confined  to  the  spot  where  the  two  bodies  unite.     That  of  a 
lump  or  candle,  when  carefully  examined,  is  seen  to  consist 
of  three  separate   portions.     The  dark  central  part,  easily 
rendt;red  evident  by  depressing  upon  the  flame  a  piece  of 
fine  wire-gauze,  consists  of  combustible  matter  drawn  up  by 
the  capillarity  of  the  wick,  and  volatilized  by  the  heat.    This 
is  surrounded  by  a  highly  luminous  cone  or  envelope,  which, 
in  contact  with  a  cold  body,  deposits  soot.     On  the  outside, 
a  stecond  cone  is  to  be  traced,  feeble  in  its  light-giving  power, 
but  having  an   exceedingly  high   temperature.      The  most 
probable  explanation  of  these  appearances  is  as  follows: 
Carbon  and  hydrogen  are  very  unequal  in  their  attraction 
for  oxygen,  the  latter  greatly  exceeding  the  former  in  this 
respect:  consequently,  when  both  are  present,  and  the  sup- 
ply of  oxygen  limited,  the  hydrogen  takes  up  the  greater  portion   of  the 
oxjgen,  to  the  exclusion  of  a  great  part  of  the  carbon.     Now,  this  happens, 
in  the  case  under  consideration,  at  some  little  distance  within  the  outer 
surface  of  the  flame  —  namely,  in  the  luminous  portion ;  the  little  oxygen 
which  has  penetrated  thus  far  inward  is  mostly  consumed  by  the  hydrogen, 
and  hydro  carbons  are  separated,  rich  in  carbon  and 
of  great  density  in  the  state  of  vapor  (naphthalene, 
clirjsene,  pyrene,  etc.).     These  hydro-carbons,  which 
would  form  smoke  if  they  were  cooler,  and  are  depos- 
ited on  a  cold  body  held  in  the  flame  in  the  form  of 
sooi,*  become  intensely  ignited  by  the  burning  hydro- 
gen, and  evolve  a  light  whose  whiteness  marks  a  very 
elevated  temperature.     In  the  exterior  and  scarcely 
lisiblccone,  these  hydro  carbons  undergo  combustion. 
A  Jet  of  coal-gas  exhibits  the  same  phenomena;  but 

if  the  gas  be   previously  mingled  with  air,  or  if  air 

be  forcibly  mixed  with,  or  driven  into  the  flame,  no 

nich  separation  of  carbon  occurs;  the  hydrogen  and 

carbon  burn  together^  forming  vapors  of  much  lower 

density,  and  the  illuminating  power  almost  disappears. 
The  common  mouth  blowpipe  is  a  little  iuHtrument 

oT  great  utility ;  it  is  merely  a  brass  tube  fitted  with 

an  ivory  mouthpiece,  and  terminated  by  a  jet  having 

a  small  aperture,  by  which  a  current  of  air  is  driven 

across  the  flame  of  a  candle.     The  best  form  is  per- 

Iiaps  that  contrived  by  Mr.  Pepys,  and  shown  in  fig. 

1^3.    The  flame  so  produced  is  very  peculiar. 
Instead  of  the  double  envelope  just  described,  two 

long  pointed  cones  are  observed   (fig.   124),  which, 

wlien  the  blowpipe  is  good,  and  the  aperture  smooth 

*»<!  round,  are  very  well  defined,  the  outer  cone  being 

yellowish  and  the  inner  blue.  A  double  combustion  is, 

in  fact,  going  on,  by  the  blast  in  the  inside,  and  by  the 

M^ernal  air.     The  space  between  the  inner  and  outer  cones  is  filled  with 

exceedingly  hot  combustible  matter,  possessing  strong  reducing  or  deoxidiz- 
ing powers;  while  the  highly  heated  air  just  beyond  ihe  point  of  the  exterior 

♦  Soot  is  not  pure  carbon,  but  a  mixture  of  hwivy  hydTO-carbona. 
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B  oiiiliicB  irith  great  fa«ilitj.   A  small  ponioD  of  mulUr,  Hupported  od  t 
:e  of  cburcaal,  or  fixed  inariDgitl.lbeeiid  of  a  tine  plutiuuiu  wire,  can  thus 
in  an  ioilant  be  eiposeii  to  a  very  high  degrH 
rV-  '24.  of  beat  under  theBB  coiitrasled  cireumHtmnces, 

and  obaerratious  or  great  value  made  in  a  Tcr; 
shorl  time.  The  ase  of  the  instrmuent  requires 
an  even  and  uoiaurrupled  blaal  of  some  dura- 
tion, by  a  metliod  easilj  acquired  with  a  Utile 
patience;  it  eoHBista  in  employine  for  tbe  pur- 
pi>Be  tlie  muaclea  of  the  cheeits  alone,  respira- 
tion being  conducted  Ihrougb  Ibe  nostrils,  and 
tbe  mouth  from  lime  to  time  replenished  vith 
air,  witbout  intcrmiwiioD  of  the  blast. 

Tba  Argand  lamp,  adapted  to  burn  either  oil 
or  spirit,  but  OBpeoially  Ibe  latter,  is  a  very  useful  piece  of  cbemical  appa- 
ratus. In  this  tamp  the  wick  is  cylindrical,  the  flame  being  Bupplicd  with 
air  both  inside  and  outside:  tlie  combustion  is  greatly  aided  by  the  cbim- 
ney,  which  is  made  of  copper  when  the  tamp  is  used  an  a  Hource  of  beat. 

Fig.  12i>  exhibite,  in  Hoolion.  an  eicollent  lamp  of  this  kind  for  burning 

alcoliol  or  wood-spirit.     It  is  constructed  of  thin  copper,  and  furnished  with 

groiud  capa  to  tbe  wick-holder  and  aperture,*  by  which  the  spirit  is  intro- 

}\g.  isfi.  *V-  In- 


duced, in  order  to  prevent  loss  when  the  lamp  is  not  in  use.  Qlacs  spirit- 
lamps  (Gg.  136).  filled  with  onps  to  prevent  evaporation,  are  very  convenient 
for  occasional  une,  being  always  ready  and  in  crder.f 

In  London,  and  other  large  towns  whe^e  coal-gas  is  to  be  had.  it  is  con- 
stantly used  with  the  greatest  economy  and  advantage  in  every  respect  as 
a  source  of  heat.     Retorts,  flasks,  oapsules,  and  oilier  vossele,  can  be  thus 

Kg.  121.  *  When  In  inc.  this  anvrtnre  mnil  lUmji  In 

open, olIierwiM nn  sccMcnt  Is  inra  tohiippni! 

iplrit  l>  luii^  uul  In  ■•bits  or  inaxDIIuiiIkin. 
t|A  Diwllllaitluii  of  llic  Arniid  liini]i  ton- 
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Fig.  128. 
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exposed  to  an  easily  regulated  and  invariable  temperature  for  many  succes- 

siTe  hours.     Small  platinum  crucibles  may  be  ignited  to  redness  by  placing 

tbem  over  the  flame  on  a  little  wire  triangle.     The  arrangement  shown  in 

fig.  127,    consisting  of  a  common  Argand  gas-burner 

fixed  on  a  heary  and  low  foot,  and  connected  with  a 

flexible  tube  of  caoutchouc  or  other  material,  is  very 

conrenient. 
A  higher  temperature,  and  perfectly  smokeless  flame, 

is.  however,   obtained  by  burning  the  gas  previously 

mixed  with  air.     Such  a  flame  is  easily  produced  by 

placing  a  cap  of  wire-gauze  on  the  chimney  of  the  Ar- 
gand burner  just  described,  and  setting  flre  to  the  gas 

above  the  wire -gauze.     The  flame  does  not  penetrate 

below,  but  the  gas  in  passing  up  the  chimney  becomes 

mixed  with  air,  and  this  mixture  burns  above  the  cap 

with  a  blue,  smokeless  flame. 
Another  kind  of  burner  for  producing  a  smokeless 

flame  has  been  contrived  by  Professor  Bunsen,  and  is 

now  very  generally  used  in  chemical  laboratories.     In 

this  burner  f  fig.  129)  the  gas,  supplied  by  a  flexible  tube,  <,  passes  through 

a  set  of  small  holes  into  the  box  at  a,  in  which  it  mixes  with  atmospheric 

air  entering  freely  by  a  number  of  holes  near  the 

top  of  the  box.     The  gaseous  mixture  passes  up  the 

tube  6,  and  is  inflamed  at  the  top,  where  it  burns 

with  a  tall,  blue,  smokeless  flame,  giving  very  little 

light,  but  much  heat.     By  arranging  two  or  more 

such  tubes,  together  with  an  air-box  containing  a 

sufficient  number  of  holes,  a  very  powerful  burner 

may  be  constructed. 
Considerable  improvements  in  this  form  of  burner 

have  been  made  by  Mr.  Griffin,  who  has  also  con- 
structed, on  the  same  principle,  powerful  gas-fur- 
naces, affording  heat  sufficient  for  the  decomposition 
of  silicates,  and  the  fusion  of  considerable  quantities  of  copper  or  iron.* 
The  principle  of  burning  a  mixture  of  gas  and  air  is  also  applied  in  Hof- 
mann's  gas-furnace  for  organic  analysis,  which  will  be  described  under  Or- 
ganic Chemistry. 

The  kindling-point,  or  temperature  at  which  combustion  commences,  is 
very  different  with  different  substances :  phosphorus  will  sometimes  take  fire 
in  the  hand;  sulphur  requires  a  temperature  exceeding  that  of  boiling 
water;  charcoal  must  be  heated  to  redness.  Among  gaseous  bodies  the 
same  fact  is  observed:  hydrogen  is  inflamed  by  a  red-hot  wire;  light 
earbonetted  hydrogen  requires  a  white  heat  to  effect  the  same  thing.  When 
flame  is  cooled  by  any  means  below  the  temperature  at  which  the  rapid 
oiidation  of  the  combustible  gas  occurs,  it  is  at  once  extinguished.  Upon 
this  depends  the  principle  of  Sir  H.  Davy's  invaluable  safety-lamp. 

Mention  has  already  been  made  of  the  frequent  disengagement  of  great 
quantities  of  light  earbonetted  hydrogen  gas  in  coal-mines.  This  gas, 
mixed  with  seven  or  eight  times  its  volume  of  atmospheric  air,  becomes 
highly  explosive,  taking  fire  at  a  light  and  burning  with  a  pale-blue  flame ; 
and  many  fearful  accidents  have  occurred  from  the  ignition  of  large  quan- 
tities of  mixed  gas  and  air  occupying  the  extensive  galleries  and  workings 
of  a  mine.  Sir  H.  Davy  undertook  an  investigation  with  a  view  to  discover 
some  remedy  for  this  constantly  occurring  calamity :  his  labors  resulted  in 
some  exceedingly  important  discoveries  respecting  flame,  which  led  to  the 
eonstmotion  of  the  lamp  which  bears  his  name. 

*  See  tiM  article  on  (kta^tmrnors  and  Furnacw  in  Watts'it  **  Dictionary  of  Chemistry,*'  il.  782. 
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When  two  Tessels  filled  with  k  gKMom  explouve  mixture  kre  oomiecttd 
by  a  n&rTow  tube,  ftnd  the  eaateulg  of  one  fired  b;  the  electric  Bpu-k,  or 
otherwiiG.  the  Huue  ia  not  communicsted  lo  the  other,  proiided  the  diameter 
of  the  tube,  its  leoglh,  »nd  the  conducting  power  for  heat  of  ile  material, 
bear  a  eertain  proportion  to  each  other;  the  flame  is  eitinguiahcd  bj  eas- 
ing, and  its  trausiniHsioD  rendered  ioipossible. 

In  thia  experiment,  high  conducling  power  and  diminished  diaaeltr 
compenaate  for  diminution  in  length;  and  to  Buch  an  extent  can  Ihie  be 
carried,  thai  metallic  game,  which  ma;  be  looked  upon  ae  a  eeries  of  tctj 
short  equnre  tubes  arranged  eide  bj  side,  when  of  sufficient  degree  of  fine- 
ness, arrests  in  the  most  complete  luanner  the  passage  of  flame  m  eiplorive 
niixlurea  depending  upon  the  inflammability  of  the  gae.  Kow  ihe  Grc-danp 
miiture  has  an  eiceedinglj  high  kindling-poini :  a  red  heat  does  not  cause 
inBammntion  ;  consequently,  Ihe  gauie  will  be  safe  for  this  subslanoe,  wbeo 
flame  would  pass  in  almost  an;  other  case. 

The  miner's  safrty  lamp  is  merel;  an  ordinar;  oil-lamp,  the  flame  of 

which  ia  enclosed  ia  a  Cage  of  wire-gauie,  made  double  at  tLe  upper  pari, 

F-g.  la).  JV'  m- 


eont«iiiiDg  about  400  apertures  to  the  square  inch.  The  tnbe  for  rapplyin; 
oil  to  the  reservoir  reaches  nearly  to  the  bottom  of  the  latter,  while  the 
wick  admits  of  being  trimmed  by  a  bent  wire  passing  with  IViotion  through 
a  small  lube  in  the  body  of  the  lamp  ;  Ihe  flame  can  thus  be  kept  burning  for 
any  length  of  time,  without  the  necessity  of  unscrewing  the  cage.  When  this 
lamp  is  taken  into  an  explosive  atmosphere,  although  Ihefire-damp  may  bura 
within  the  cage  with  such  energy  an  samelimea  to  heat  the  metallic  tiseue 
lo  dull  redness,  the  flame  is  not  communicated  to  the  mixture  on  tbe  outside. 
These  elTects  maj-  be  conTenienlly  i-ludied  by  suppending  the  lamp  in  a 
large  glass  jar.  and  gradually  admioing  coal-gas  below.  The  oil-flame  is 
at  first  elongated,  and  then,  as  the  proportion  of  gas  increases,  extin- 
guished, while  the  interior  t»f  the  game  cylinder  beoomea  SUed  with  tbe 
burning  mixture  of  gas  and  air.  As  Ihe  atmosphere  becomes  purer,  the 
wick  ia  onoe  more  relighted.     Theae  tppearanaeB  are  so  remarkable  that 
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the  lamp  becomes  an  admirable  indicator  of  the  state  of  the  air  in  different 
parts  of  the  mine.* 

Tbe  same  great  principle  has  been  ingeniously  applied  bj  Mr.  Hemming 
to  the  construction  of  liie  oxv-hjdrogen  safety-jet  before  mentioned.  This 
is  a  tube  of  brass  about  foar  inches  long,  filled  with  straight  pieces  of  fine 
brass  wire,  the  whole  being  tightly  wedged  together  by  a  pointed  rod,  for- 
cibly driven  into  the  centre  of  the  bun«]le,  (fig  131.)  The  arrangement  thus 
presents  a  series  of  metallic  tubes,  very  long  in  proportion  to  their  diam- 
eter, the  cooling  powers  of  which  arc  so  great  as  to  prevent  the  possibility 
of  the  passaze  of  flame,  even  with  oxygen  and  hydrogen.  The  jet  may  be 
used,  as  before  mentioned,  with  a  common  bladder,  without  a  chance  of 
explosion.  The  fundamental  fact  of  flume  being  extinguished  by  contact 
with  a  cold  body,  may  be  elegantly  shown  by  twisting  a  copper  wire  into  a 
short  spiral,  about  0*1  inch  in  diameter,  and  then  passing  it  cold  over  the 
flame  of  a  wax  candle ;  the  latter  is  extinguished.  If  the  spiral  be  now 
heated  to  redness  by  a  spirit-lamp,  and  the  experiment  repeated,  no  such 
effect  follows. 
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This  substance  is  a  member  of  a  very  important  natural  group,  containing 
also  iodine,  bromine,  and  fluorine.  So  great  a  degree  of  resemblance  exists 
between  these  bodies  in  all  their  chemical  relations,  especially  between 
chlorine,  bromine,  and  iodine,  that  the  history  of  one  will  almost  serve, 
with  a  few  little  alteratiotis,  for  that  of  the  rest. 

Chlorine  f  is  a  very  abundant  substance :  in  common  salt  it  exists  in  com- 
bination with  sodium.  It  is  most  easily  prepared  by  pouring  strong  hy- 
drochloric acid  upon  finely  powdered  black  oxide  of  manganese  contained 
in  a  retort  or  flask,  and  applying  a  gentle  heat ;  a  heavy  yellow  gas  is  dis- 
^i^g&ged,  which  is  the  substance  in  question. 

It  may  be  collected  over  warm  water,  or  by  displacement :  the  mercurial 
trough  cannot  be  employed,  as  the  chlorine  rapidly  acts  upon  the  metal,  and 
becomes  absorbed. 

The  reaction  is  yery  easily  explained.  Hydrochlorio  acid  is  a  compound 
of  chlorine  and  hydrogen:  when  this  is  mixed  with  a  metallic  monoxide, 
double  interchange  of  elements  takes  plaoe,  water  and  chloride  of  the  metal 
being  produced.  But  when  some  of  the  dioxides  are  substituted,  an  addi- 
tional effect  ensues  —  namely,  the  decomposition  of  a  second  portion  of 
hydrochloric  acid  by  the  oxygen  in  excess,  the  hydrogen  of  which  is  with- 
drawn and  the  chlorine  set  free. 

Hydroohlorio  f  Chlorine Chlorine. 

/      aoid  ( Hydrogen  Water. 

HinviiiA       \  Manganese  — -^  Manganese  Chloride. 


I  Oxygen 


Hydrochloric  f  Chlorine 

acid         I  Hydrogen  -^^^*- Water.J 

J!]?v  *■  ?I^  ^""^  "**  °^  *^®  lamp— namely,  to  permit  the  viewer  or  superintendent,  wlth- 
•  12*^  hlmeelf.  to  exMoilne  the  stote  of  the  air  in  every  part  of  the  mine;  not  to  enable 
^r^TKinm  to  continae  their  ialwre  in  an  atmoapliere  habitually  explosive,  which  must  be  unfit 
k  li*^"  respiration,  although  the  eril  effects  may  be  slow  to  appear.  Owners  of  coal-mines 
MooM  be  compelled  either  t<i  adopt  efficient  means  of  ventilation,  or  to  close  worUnirs  of  thia 
«BBwoo»  character  altogether.  % 

t  ''^  Xj«<^«,  y<dlowish.green,  the  name  given  to  it  by  Sir  H.  Davy. 
^„^»<^       +„   *HC1        =        a,       -I-       MnCl,        +        20H, 
■apgueM       Hydrochloric     Chlorine.        Manganese  Water, 

wwle.  add.  chloride. 
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Chlorine  was  discovered  by  Scheele  in  1774,  but  its  nature  was  long  mis- 
understood. It  is  a  yellow  gaseous  body,  of  intolerably  suffocating  proper- 
ties, producing  very  violent  cough  and  irritation  wlien  inhaled  even  in  ex- 
ceedingly small  quantity.     It  is  soluble  to  a  considerable  extent  in  water, 

that  liquid  absorbing  at  l5-5*>  (00°  F.),  about  twice  its 
volume,  and  acquiring  the  color  and  odor  of  the  gas. 
"When  this  solution  is  exposed  to  light,  it  is  alowlj 
changed,  by  decomposition  of  water,  into  hydrochloric 
acid,  the  oxygen  being  at  the  same  time  liberated. 
When  moist  chlorine  gas  is  exposed  to  a  cold  of  0^, 
yellow  crystals  are  formed,  which  consist  of  a  definite 
compound  of  chlorine  and  water,  containing  35*5  parts 
of  the  former  to  90  of  the  latter. 

Chlorine  has  a  specific  gravity  of  2*47;  a  litre  of  it 
weighs  3*17344  grams;  exposed  to  a  pressure  of  about 
four  atmospheres,  it  condenses  to  a  yellow  limpid  liquid. 
Chlorine  has  but  little  attraction  for  oxygen,  its  chem- 
ical energies  being  principally  exerted  towards  hydro- 
gen and  the  metals.  A  lighted  taper  plunged  into  the 
gas,  continues  to  burn  with  a  dull-red  light,  and  emits 
a  large  quantity  of  smoke,  the  hydrogen  of  the  wax 
being  alone  consumed,  and  the  carbon  separated.  If  a 
piece  of  paper  be  wetted  with  oil  of  turpentine,  and 
thrust  into  a  bottle  filled  with  chlorine,  the  chemical 
action  of  the  latter  upon  the  hydrogen  is  so  violent  as 
to  cause  inflammation,  accompanied  by  a  copious  deposit 
of  soot.  Although  chlorine  can,  by  indirect  means,  be 
made  to  combine  with  carbon,  yet  this  never  occurs 
under  the  circumstances  described. 
Phosphorus  takes  fire  spontaneously  in  chlorine,  burning  with  a  pale  and 
feebly  luminous  flame.  Several  of  the  metals,  as  copper  leaf,  powdered 
antimony,  and  arsenic,  undergo  combustion  in  the  same  manner.  A  mix- 
ture of  equal  measures  of  chlorine  and  hydrogen  explodes  with  violence  on 
the  passage  of  an  electric  spark,  or  on  the  application  of  a  lighted  taper, 
hydrochloric  acid  gas  being  formed.  Such  a  mixture  may  be  retained  in 
the  dark  for  any  length  of  time  without  change :  exposed  to  diffuse  day- 
light, the  two  gases  slowly  unite,  while  the  direct  rays  of  the  sun  induce 
instantaneous  explosion. 

The  most  characteristic  property  of  chlorine  is  its  bleaching  power ;  the 
most  stable  organic  coloring  principles  are  instantly  decomposed  and  de- 
stroyed by  this  remarkable  agent:  indigo,  for  example,  which  resists  the 
action  of  strong  oil  of  vitriol,  is  converted  by  chlorine  into  a  brownish  sub- 
stance, to  which  the  blue  color  cannot  be  restored.  The  presence  of  water 
is  essential  to  these  changes,  for  the  gas  in  a  state  of  perfect  dryness  is 
incapable  even  of  affecting  litmus. 

Chlorine  is  largely  used  in  the  arts  for  bleaching  linen  and  cotton  goods, 
rags  for  the  manufacture  of  paper,  &c.  For  these  purposes,  it  is  employed, 
sometimes  in  the  state  of  gas,  sometimes  in  that  of  solution  in  water,  but 
more  frequently  in  combination  with  lime,  forming  the  substance  called 
bleaching-powder.  When  required  in  large  quantities,  it  is  often  made  by 
pouring  slightly  diluted  oil  of  vitriol  upon  a  mixture  of  common  salt  and 
manganese  oxide  contained  in  a  large  leaden  vessel.  The  decomposition 
which  ensues  may  be  thus  represented : 
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Sodium  r  Chlorine Chlorine. 

chloride        ( Sodium  

Sulph.  oxide — r:^i^^»       Sodium  sulphate. 

llAoganese      f  Oxygen  -" 

dioxide.       i  M»nagueso    ^..^ 

I       monoxide  *-..,.,_,,^^^^^^  f  Manganese 

Sulph.  oxide. " —  .    (     sulphate.* 

Chlorine  is  one  of  the  best  and  most  potent  substances  that  can  be  used 
for  the  purpose  of  disinfection,  but  its  employment  requires  care.  Bleach- 
iujl^-powder  mixed  with  water,  and  exposed  to  the  air  in  shallow  vessels, 
becomes  slowly  decomposed  by  the  carbonic  acid  of  the  atmosphere,  and  the 
chlorine  is  evolved :  if  a  more  rapid  disengagement  be  wished,  a  little  acid 
of  any  kind  may  be  added.  In  the  absence  of  bleaching-powder,  either  of 
the  methods  for  the  production  of  the  gas  described  may  be  had  recourse 
to,  always  taking  care  to  avoid  an  excess  of  acid. 

Hydbooen  Chloride  ;  Hydrochloric,  Ciiloriitdric,  or  Muriatic  Acid. — 
This  substance,  in  a  state  of  solution  in  water,  has  been  long  known.  The 
gas  is  prepared  with  the  utmost  ease  by  heating  in  a  flask  fitted  with  a 
cork  and  bent  tube,  a  mixture  of  common  salt  and  oil  of  vitriol  diluted  with 
a  small  quantity  of  water;  it  must  bo  collected  by  displacement,  or  over 
mercury.  It  is  a  colorless  gas,  which  fumes  strongly  in  the  air  from  con- 
densing the  atmospheric  moisture ;  it  has  an  acid,  sulTocating  odor,  but  is 
much  leas  offensive  than  chlorine.  Exposed  to  a  pressure  of  40  atmospheres, 
it  liquefies.  . 

Hydrochloric  acid  gas  has  a  density  of  1*269  compared  with  air,  or  18-25 
compared  with  hydrogen  as  unity.  It  is  exceedingly  soluble  in  water,  that 
liquid  taking  up  at  the  temperature  of  the  air  about  418  times  its  bulk. 
The  gas  and  solution  are  powerfully  acid. 

The  action  of  oil  of  vitriol  on  common  salt,  or  any  analogous  substance, 
is  thus  easily  explained :  f 

S«H„.  chloride    {C^;'-    ^ ^^^   Hydrochlorio 

r  Hydrogen 
Sulphuric  acid       J  Oxygen 

( Sulphur    k     Sodium  sulphate. 

The  composition  of  this  substance  may  bo  determined  by  synthesis :  when 
a  measure  of  chlorine  and  a  measure  of  hydrogen  are  fired  by  the  electric 
spark,  two  measures  of  hydrochloric  acid  gas  result,  the  combination  being 
unauended  by  change  of  volume.  By  weight  it  contains  85*5  parts  of 
clilorine  and  1  part  of  hydrogen. 

Solution  of  hydrochloric  acid,  the  liquid  acid  of  commerce,  is  a  very  im- 
ponaiit  preparation,  and  of  extensive  use  in  chemical  pursuits :  it  is  best 
prepared  by  the  following  arrangement :  — 

A  large  glass  flask,  contAining  a  quantity  of  common  salt,  is  fitted  with  a 
coTkand  bent  tube,  in  the  manner  represented  in  fig.  132:  this  tube  passes 
throogh  and  below  a  second  short  tube  into  a  wide-necked  bottle,  containing 
a  little  water,  into  which  the  open  tube  dips.  A  bent  tube  is  adapted  to 
another  hole  in  the  cork  of  the  wash-bottle,  so  as  to  convey  the  purified  gas 

•     2X»a      +      MnOi     +     2S0JI|     =     CI.     +    8O4N112  +  ?04Mn      +     20H, 
Sodium         MangHnaM       Ilydrofren      Chloniie.       Sodiam    Manganous       Water, 
ckloride.  dioxide.  sulphato.  stilphate.     ralphata. 

t    «r«a  -I-        8O4H,  =        2HC1  +        fiO^a, 

Sodinm               Ilydroiren  Hvdrogen             Sodinm 

eUoridp.               fiij1ph«t«*.  rblnrido,             sulphate. 
)6 
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into  b  quantit;  of  distilled  wsler,  by  which  il  is  inglHQtl;  Kbsorbed:  \ht 
jointa  are  made  ■.ir-liglit  b;  melting  a  lillle  yellow  wni  over  the  corke. 

A  qumilil  J  of  oil  uf  >ilriol.  about  e<|ual  in  weight  to  the  »I(.  in  then  slosh 
introduced  by  the  fuDuel;  tho  diaengagcd  gna  ia  al  first  wholly  absorbed  bv 
the  wuter  in  the  wash-boltle.  but  when  Ihia  brcomea  Euiuraled,  il  panFe! 
into  the  second  vessel  nnd  there  diasolTes.  When  nil  the  acid  Lias  been 
added,  heat  nin;  be  applied  to  the  flask  by  a.  charcoal  chauffer.  iiDtil  ii; 
contents  appear  nearly  dry,  and  the  BTolulion  of  gas  almost  ceases,  when  the 
proceaa  may  be  stopped.  As  much  heat  ia  given  out  during  the  condensa- 
tion of  the  goB,  it  is  neccasary  to  surround  the  condeusing  veasel  with  cold 

Kg.m. 


Tho  simple  waah-bottlc.  phown  in  the  bksl  figure,  will  be  found  an  ex- 
ceedingly useful  contriTance  in  .  great  number  of  chenuc^  °P"'",'"°trt  „' 
serves  in  the  present,  and  in  many  similar  caaes.  to  relam  •inj.'")","'^^' 
solid  matter  m^hanically  carried  over  with  the  gas,  and  .1  may  be  alwajc 
employed  when  a  gas  of  any  kind  ia  to  be  passed  through  an  alkaltne  or 
other  solution.  The  open  lube  dipping  into  the  >'q";'i  prevents  the  po^ 
sihility  of  absorption,  by  which  a  partial  vacuum  would  be  occastoned.  and 
the  liquid  of  the  second  vessel  lost  hy  being  driven  info  the  first.        

Thearrangemenl  hy  which  the  acid  is  introduced  also  deserves  amomenr  I 
notice.  The  tube  is  bent  twice  upon  itself,  and  a  bulb  blown  in  one  porlion- 
the  liquid  poured  into  the  funnel  risea  upon  the  opposite  "de  «."''»"' 
bend  until  it  reaches  the  second  ;  it  then  flows  over  and  runs  into  the  flaek. 
Any  quantity  can  then  be  got  into  the  la.lcr  without  the  t"'"'^''""™  °^.  "';' 
and  without  the  escape  of  gas  from  the  interior.  The  ftinnel  «'«•'«''» 
a  bind  of  safety-valve,  and  in  both  directions ;  for  if  by  any  chance  the 
delivery-tube  should  be  stopped,  nnd  the  issue  of  gas  prevented,  its  in- 
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ereftsed  elastic  force  soon  drives  the  little  column  of  liquid  out  of  the  tube, 
the  gA<  escapes^  and  the  vessel  is  saved.     On  the  other  hand,  any  absorp- 
tion within  is  quickly  compensated  by  the  entrance  of  air  through 
ihe  liquid  in  the  bulb.  ^>-  ^"• 

The  plan  employed  on  the  large  scale  by  the  manufacturer  is  the     ^ 
B%me  in  principle  as  that  described ;  he  merely  substitutes  a  large      y 
iron  cylinder,  or  apparatus  made  of  lead,  for  the  flask,  and  vessels 
of  iitoneware  for  those  of  glass. 

On  distilling  an  aqueous  solution  of  hydrochloric  acid,  an  acid 
is  prt>duced  boiling  at  110°  (230°  F.)  which  contains  20  22  per  cent, 
of  anhydroas  hydrochloric  acid:  a  more  concentrated  solution 
when  heated  gives  off  hydrochloric  acid  gas;  a  weaker  solution 
loses  water.  Roscoe  and  Dittmar  have  proved  that  the  composition 
of  the  distillate  varies  with  the  atmospheric  pressure ;  it  catinot, 
therefore,  be  viewed  as  a  chemical  compound. 

Pure  solution  of  hydrochloric  acid  is  transparent  and  colorless : 
when  strong,  it  fumes  in  the  air  by  evolving  a  little  gas.  It  leaves 
no  residue  on  evaporation,  and  gives  no  precipitate  or  opacity  with 
diluted  solution  of  barium  chloride.  When  saturated  with  the  gas, 
it  has  a  specific  gravity  of  1*21,  and  contains  about  42  per  cent,  of 
real  acid.  The  commercial  acid,  which  is  obtained  in  immense 
quantity  as  a  secondary  product  in  the  manufacture  of  sodium  sulphate  by 
the  action  of  sulphuric  acid  upon  common  salt,  has  usually  a  yellow  color, 
and  is  very  impure,  containing  salts,  sulphuric  acid,  chloride  of  iron,  and 
organic  matter.  It  may  be  rendered  sufficiently  pure  for  most  purposes  by 
diluting  it  to  the  density  of  1*1,  which  happens  when  the  strong  acid  is 
mixed  with  its  own  bulk  or  rather  less  of  water,  and  then  distilling  it  in 
a  retort  famished  with  a  Liebig's  condenser. 

A  mixture  of  nitric  and  hydrochloric  acids  has  long  been  known  under 
the  name  of  aqua  regia^  from  its  property  of  dissolving  gold.  When  these 
two  substances  are  heated  together,  they  both  undergo  decomposition,  nitro- 
gen tetroxide  and  chlorine  being  evolved.  This,  at  least,  appears  to  be  the 
final  result  of  the  action:  at  a  certain  stage,  however,  two  peculiar  sub- 
stances, consisting  of  nitrogen,  oxygen,  and  chlorine  (chloronitric  acid  gas* 
and  chloronitrous  gas  f),  appear  to  be  formed.  It  is  only  the  chlorine  which 
attacks  the  metal. 

The  presence  of  hydrochloric  acid,  or  any  other  soluble  chloride,  is  easily 
detected  by  solution  of  silver  nitrate.  A  white  curdy  precipitate  is  pro- 
duced, insoluble  in  nitric  acid,  freely  soluble  in  ammonia,  and  subject  to 
blacken  by  exposure  to  light. 

Oxides  and  Oxaeida  of  Chlorine. 

There  are  four  oxacids  of  chlorine,  which  may  be  regarded  as  oxides  of 
hydrochloric  acid ;  thus : 

Compofiition  by  weight.^ 

t 
Chlorin 

Hydrochloric  acid 
Hypochlorous  acid    . 
Chlorous  acid         .... 
Chloric  acid       .... 
Perchloric  acid      .... 

•  NOCIa-  t  NOCl. 

X  Hjpochloroas  acid   .       .       .       .      '  CIHO 
Chlorous  ncid        .....    ClllOa 

OhIoricAcid CIHO3 

Perchloric  acid CIIIO4. 


r 

\ 

Chlorine. 

Hydrogen. 

Oxygen. 

85-6 

+ 

1 

35-5 

+ 

1    + 

16 

85-6 

+ 

1    + 

32 

35-5 

+ 

1    + 

48 

80 -5 

+ 

1    + 

64 
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The  anhydrous  chlorine  oxides  corresponding  to  hypochloroos  and  chloroos 
acids  are  known,  namely :  *  — 

Chlorine.        Chlorine.        OxjgnL 

Chlorine  monoxide,  or  Hypochlorous  oxide  .     .     35*5     -f-     35*5     -{-    1(>    . 
Chlorine  trioxide,  or  Chlorous  oxide     ....  35*5     -j-     35-5     -{-    4S 

Also  an  oxide  to  which  there  is  no  corresponding  acid,  namely :  — 

Chlorine.  Oxygen. 

Chlorine  tetroxide        .         .         .  2  X   35-5     -f-    64 

The  oxides  corresponding  to'  chloric  and  perchloric  acid  have  not  been  ob- 
tained. 

Hypochlorous  and  chloric  acids  are  produced  by  the  action  of  chlorine  on 
certain  metallic  oxides  in  presence  of  water;  hypochlorous  and  chlorous 
acids  also  by  direct  oxidation  of  hydrochloric  acid.  Perchloric  acid  and 
chlorine  tetroxide  result  from  the  decomposition  of  chloric  acid. 

Hypochlorous  Oxide,  Acid,  and  Salts.  —  The  oxide  is  best  prepared  by 
the  action  of  chlorine  gas  upon  dry  mercuric  oxide.  This  oxide,  prepared 
by  precipitation,  and  dried  by  exposure  to  a  strong  heat,  is  introduced  into 
a  glass  tube  kept  cool  and  well  washed,  dry  chlorine  gas  is  slowly  passed 
over  it.  Mercuric  chloride  and  hypochlorous  oxide  are  thereby  formed; 
the  latter  is  collected  by  displacement.  The  reaction  by  which  it  is  pro- 
duced may  be  thus  illustrated : 

Chlorine  ^  Hypochlorous  oxide. 

Mercuric  f  Mercury  ^^^,^ — - — "^ 

oxide  \  Oxygen    -'^ 

Chlorine  ""^  Mercuric  chloride,  f 

The  mercuric  chloride,  however,  does  not  remain  as  such ;  it  combines 
with  another  portion  of  the  oxide  when  the  latter  is  in  excess,  forming  a 
peculiar  brown  compound,  an  oxychloride  of  mercury.  It  is  remarkable 
that  the  cryatallme  mercuric  oxide  prepared  by  calcining  the  nitrate,  or  by 
the  direct  oxidation  of  the  metal,  is  scarcely  acted  upon  by  chlorine  under 
the  circumstances  described. 

Hypochlorous  oxide  is  a  pale-yellow  gaseous  body,  containing,  in  every 
two  measures,  two  measures  of  chlorine  and  one  of  oxygen,  and  is  there- 
fore analogous  in  constitution  to  water.  It  explodes,  although  with  no 
great  violence,  by  slight  elevation  of  temperature.  Its  odor  is  peculiar, 
and  quite  different  from  that  of  chlorine.  When  the  flask  or  bottle  in 
which  the  gas  is  received  is  exposed  to  artificial  cold  by  the  aid  of  a  mix- 
ture of  ice  and  salt,  the  hypochlorous  oxide  condenses  to  a  deep-red  liquid, 
slowly  soluble  in  water,  and  very  subject  to  explosion.} 

Hypochloroiu  acid  is  produced  by  the  solution  of  hypochlorous  oxide  in 
water;  also  by  passing  air  saturated  with  hydrochloric  acid  gas  through  a 
solution  of  potassium  permanganate  acidulated  with  hydrochloric  acid  and 
heated  in  a  water  bath:  the  distillate  is  a  solution  of  hypochlorous  acid, 
formed  by  oxidation  of  the  hydrochloric  acid ;  thirdly,  by  decomposing  a 
metallic  hypochlorite  with  sulphuric  acid  or  other  oxacid;  fourthly,  by 
passing  chlorine  gas  into  water  holding  in  suspension  a  solution  containing 
metallic  oxides,  hydrates,  carbonates,  sulphates,  phosphates,  &c.,  the  most 

•  Clilorlne  monoxide  or  Hypochlorona  oxide         ....        CU> 

Chlorine  trioxido  or  Chlorous  oxide n«Q| 

Chlorine  tetroxide G^O^. 

t  2HgO  +  Cl^       =        HKCIsHfcO  +  Cl-0 

Mercuric  Chlorine.  Men-nric  Hypochlorous 

oxide.  oxychloride.  oxide. 

X  Felouze  Ann.  Chlm.  Phys.  [3],  yU.  112. 
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a^irantAjceoos  for  the  purpose  being  mercuric  oxide,  or  calcium  carbonate 

irhAlk).* 

The  aqueous  solution  of  hypochlorous  acid  has  a  yellowish  color,  an  acid 
ta.^te.  and  a  characteristic  sweetish  smell.  Tlie  strong  acid  decomposes 
rapidly  even  when  kopt  in  ice.  The  dilute  acid  is  more  stable,  but  is  de- 
composed by  long  boiling  into  chloric  acid,  water,  chlorine,  and  oxygen. 
Hydrochloric  acid  decomposes  it,  witli  formation  of  chlorine.f  It  is  a 
Tery  powerful  bleaching  and  oxidizing  agent,  converting  many  of  the  ele- 
mcDts — iodine,  selenium,  and  arsenic,  for  example  —  into  their  highest 
oxides,  and  at  the  same  time  liberating  chlorine. 

MftalUe  hypoehlorites  may  be  obtained  in  the  pure  state  by  neutralizing 
hypochlorous  acid  with  metallic  hydrates,  such  as  those  of  sodium,  cal- 
cium, copper,  &c. ;  but  they  are  usually  prepared  by  passing  chlorine  gas 
into  solutions  of  alkalies  or  alkaline  carbonates,  or  over  the  dry  hydrates 
of  the  earth-metals  —  dry  slaked  lime,  for  example.  In  this  process  a 
metallic  chloride  is  formed  at  the  same  time.  J  The  salts  thus  obtained 
constitute  the  bleaching  and  disinfecting  salts  of  commerce.  They  will  be 
more  fully  described  under  the  head  of  calcium  salts. 

CBLoaovs  OxiDB,  Acid,  and  Salts.  — The  oxide  is  prepared  by  heating 
in  a  flask  filled  to  the  neck,  a  mixture  of  4  parts  of  potassium  chlorate 
and  3  parts  of  arsenious  acid,  or  oxide,  with  12  parts  of  nitric  acid  pre* 
Ttoasly  diluted  with  4  parts  of  water.  During  the  operation,  which  must 
be  performed  in  a  water-bath,  a  greenish-yellow  gas  is  evolved,  which  is 
permanent  in  a  freezing  mixture  of  ice  and  salt,  but  Uquefiable  by  extreme 
cold.  It  dissolves  freely  in  water  and  in  alkaline  solutions,  forming 
chlorous  acid  and  metallic  chlorites.  The  reaction  by  which  chlorous 
oxide  is  formed  is  somewhat  complicated.  •  The  arsenious  acid  deprives 
the  nitric  acid  of  part  of  its  oxygen,  reducing  it  to  nitrous  acid,  which  is 
then  reoxidized  at  the  expense  of  the  chloric  acid,  reducing  it  to  chlorous 
oxide.} 

Chlorow  Acid  may  be  prepared  by  condensing  chlorous  oxide  in  water, 
or  by  decomposing  a  metallic  chlorite  with  dilute  sulphuric  or  phosphoric 
acid.  Its  concentrated  solution  is  a  greenish-yellow  liquid  having  strong 
bleaching  and  oxidizing  properties.  It  does  not  decompose  carbonates, 
but  acts  strongly  with  caustic  alkalies  and  earths  to  form  ohlorites. 

Chlobinr  Tetroxidb.  —  When  potassium  chlorate  is  made  into  a  paste 
with  concentrated  sulphuric  acid,  and  cooled,  and  this  paste  is  very  cau- 
tiously heated  by  warm  water  in  a  small  glass  retort,  a  deep-yellow  gas  is 
evolved,  which  is  the  body  in  question ;  it  can  be  collected  only  by  dis- 
placement, since  mercury  decomposes  and  water  absorbs  it. 

Chlorine  tetroxide  has  a  powerful  odor,  quite  different  from  that  of  the 
preceding  compounds,  and  of  chlorine  itself.  It  is  exceedingly  explosive, 
being  re«<olved  with  violence  into  its  elements  by  a  temperature  short  of 
the  boiling-point  of  water.  Its  preparation  is,  therefore,  always  attended 
with  danger,  and  should  be  performed  only  on  a  small  scale.  It  is  com- 
posed by  measure  of  one  volume  of  chlorine  and  two  volumes  of  oxygen, 

•   00^      +        on,       +        CI4        =        COa       -f       CaCl,        +        2C1II0 
Calcinm  Water.  Chlorlno.         Cartion  Calcium  Uypochlorons 

arlt>nat6.  dioxide.  chloride.  add. 

tCIHO    -J-   CIH         =      OjH    =    CI,. 

lOaH^       +       CI*        =       OaClsOs        +        CaCl,        +       OH,     . 
Oftldnm  Chlonne.  Calcium  Calcinm  Water, 

hydrate.  hypochlorite.  chloride. 

{   2C10,H        -H        2N0jH        =:  2NO3H        +        OHj      +  ClgOg 

Chloric  acid.        Nitrons  acid.  Nitric  ucid.  Water.         Chlurooa  ozldo. 

16* 
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condenaed  into  two  volumes.*  It  may  be  liquefied  by  cold.  The  solutjon 
of  the  gas  in  water  blenches. 

The  eitehhrme  of  Davy,  prepared  by  gently  heating  potassium  chlorate 
vrith  dilute  hydrochloric  acid,  is  probably  a  mixture  of  chlorous  acid  an<l 
free  chlorine. 

The  production  of  chlorine  tetroxide  from  potassium  chlorate  and  sul- 
phuric acid  depends  upon  tlie  sponiuneous  splitting  of  the  chloric  acid  into 
chlorine  tetroxide  and  perchloric  acid,  which  latter  remains  as  a  potas* 
sium  salt.'l' 

When  a  mixture  of  potassium  chlorate  and  sugar  is  touched  with  & 
drop  of  oil  of  vitriol,  it  is  instantly  set  on  fire,  the  chlorine  tetroxide 
disengaged  being  decomposed  by  the  combustible  substance  with  such 
violence  as  to  cause  inflammation.  If  crystals  of  potassium  chlorate  be 
thrown  into  a  glass  of  water,  a  few  small  fragments  of  phosphorus  added, 
and  then  oil  of  vitriol  poured  down  a  narrow  funnel  reaching  to  the  bot- 
tom of  the  glass,  the  phosphorus  will  burn  beneath  the  surface  of  the 
water,  by  the  assistance  of  the  oxygen  of  the  chlorine  tetroxide  disen- 
gaged. The  liquid  at  the  same  time  becomes  yellow,  and  acquires  the 
ovior  of  that  gas. 

Chloric  Acid.  —  This  is  the  most  important  compound  of  the  series.  When 
chlorine  is  passed  to  saturation  into  a  moderately  strong  hot  solution  of 
potassium  hydrate  or  carbonate,  and  the  liquid  concentrated  by  evaporation, 
it  yields,  on  cooling,  flat  tabular  crystals  of  a  colorless  salt,  consisting  of 
potassium  chlorate.     The  mother-liquor  contains  potassium  chloride.  { 

From  potassium  chlorate,  chloric  acid  may  be  obtained  by  boiling  the 
salt  with  a  solution  of  hydrofluosilicic  acid,  which  forms  an  almost  insoluble 
potassium  salt,  decanting  the  clear  liquid,  and  digesting  it  with  a  little  silica, 
which  removes  the  excess  of  the  hydrofluosilicic  acid.  Filtration  through 
paper  must  be  avoided. 

By  cautious  evaporation,  the  acid  may  be  so  far  concentrated  as  to  assume 
a  sirupy  consistence ;  it  is  then  very  easily  decomposed.  It  sometimes  sets 
fire  to  paper,  or  other  dry  organic  matter,  in  consequence  of  the  facility 
with  which  it  is  deoxidized  by  combustible  bodies. 

The  chlorates  are  easily  recognized ;  they  give  no  precipitate  when  in 
solution  with  silver  nitrate ;  they  evolve  pure  oxygen  when  heated,  passing 
thereby  into  chlorides;  and  they  afford,  when  treated  with  sulphuric  acid, 
the  characteristic  explosive  yellow  gas  already  described.  The  dilute  solu- 
tion of  the  acid  has  no  bleaching  power. 

Perchloric  Acid.  —  When  powdered  potassium  chlorate  is  thrown  by 
small  portions  at  a  time  into  hot  nitric  acid,  a  change  takes  place  of  the  same 
description  as  that  which  happens  when  sulphuric  acid  is  used,  but  with  this 
important  difference :  that  ttie  chlorine  and  oxygen,  instead  of  being  evolved 
in  a  dangerous  state  of  combination,  are  omitted  in  a  state  of  mixture.  The 
result  of  the  reaction  is  a  mixture  of  potassium  nitrate  and  perchlorate, 
which  may  be  readily  separated  by  their  difference  of  solubility. 

Perchloric  acid  is  obtained  by  distilling  potassium  perchlorate  with  sul- 
phuric acid.  Pure  perchloric  acid  is  a  colorless  liquid,  of  1*782  sp.  gr.  at 
15-5°  (60**  F.),  not  solidifying  at  — 35*  ( — 31°  F.);  it  soon  becomes  colored 

*  Its  formnla  Ib  CljOv 

t     6C10aK      -I-       3SO4H,        =        2Cla04        +        2CIO4H        +       SS04Kt     -f     SH^O 
PoUmiam  nydroieen  Chlorine  Hydrogen  Potawium         Water, 

chlomte.  sulplmte.  tetroxide.  perchlorate.  inlplMite. 

X     8KjO        +        Cle        =        .'iKCl        +        ClOgK 
Potaminm         Chlorine.         Potmwinm  PotRMsium 

oxldo.  chloride.  chlorate. 
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even  if  kept  in  the  dark,  and  after  a  few  weeks  decomposes  with  explosion. 
The  vapor  of  perchloric  acid  is  transparent  and  colorless :  in  contact  with 
Bioist  air,  it  produces  dense  white  fumes.  The  acid,  when  cautiously  mixed 
with  a  small  quantity  of  water,  solidifies  to  a  crystalline  mass,  which  is'a 
compound  of  perchloric  acid  with  one  molecule  of  water.*  When  brought 
Id  contact  with  carbon,  ether,  or  other  organic  substances,  perchloric  acid 
explodes  with  nearly  as  much  Tiolence  as  chloride  of  nitrogen. 

CoMPOiTHD  OF  Cblobinb  AND  NitkOoen.  —  When  sal'fimmoniac  or  ammonia 
nitrate  is  dissolved  in  water,  and  a  jar  of  chlorine  inverted  in  the  solution, 
the  gas  is  absorbed,  and  a  deep-yellow  oily  liquid  is  observed  to  collect  upon 
the  surface  of  the  solution,  ultimately  sinking  in  globules  to  the  bottom. 
This  is  nitrogen  chloride,  the  most  dangerously  explosive  substance  known. 
The  following  is  the  safest  method  of  conducting  the  experiment:  — 

A  somewhat  dilute  and  tepid  solution  of  pure  sal-ammoniac  in  distilled 
water  poured  into  a  clean  basin,  and  a  bottle  of  chlorine,  the  neck  of  which 
is  qnite  free  from  grease,  inverted  into  it.  A  shallow  and  heavy  leaden  cup 
is  placed  beneath  the  mouth  of  the  bottle  to  collect  the  product.  When 
enough  has  been  obtained,  the  leaden  vessel  may  be  withdrawn  with  its 
dangerous  contents,  the  chloride  remaining  covered  with  a  stratum  of  water. 
The  operator  should  protect  his  face  with  a  strong  wire-gauze  mask  when 
experimenting  upon  this  substance. 

The  change  may  be  explained  by  the  following  diagram :  — 

Chlorine —-—^Nitrogen  chloride. 

Chlorine ,  * — "^  Hydrochloric  acid. 

{/  Nitrogen  ^ 
\  Hydrogen 
Hydrochloric  acid Hydrochloric  acid.f 

Xitrogen  chloride  is  very  volatile,  and  its  vapor  is  exceedingly  irritating 
to  the  eyes.  It  has  a  specific  gravity  of  1  -653.  It  may  be  distilled  at  71^ 
(160^  F.),  although  the  experiment  is  attended  with  great  danger.  Between 
93<»  (200®  F.)  and  105°  (221°  F.)  it  explodes  with  the  most  fearful  violence. 
Contact  with  almost  any  combustible  matter,  as  oil  or  fat  of  any  kind,  de- 
termines the  explosion  at  common  temperatures ;  a  vessel  of  porcelain,  glass, 
or  even  of  cast-iron,  is  broken  to  pieces,  and  the  leaden  cup  receives  a  deep 
indentation.  This  body  has  usually  been  supposed  to  contain  nitrogen  and 
chlorine  in  the  proportion  of  14  parts  of  the  former  to  106*5  parts  of  the 
latter,  but  recent  experiments  upon  the  corresponding  iodine  compound 
(p.  191)  induce  a  belief  that  it  contains  hydrogen.^ 

Chlorihe  and  Cabbon.  —  Several  compounds  of  chlorine  and  carbon  are 
known. {  They  are  obtained  indirectly  by  the  action  of  chlorine  upon 
certain  organic  compounds,  and  will  be  described  under  Organic  Chemistry. 

•  CIO4H  +  OHf 

t      NHiCI    +  6Cl    =        NCI,        +       4Ha 

Ammonium       Chlorine       Nitrog;en         Hydrochloric 
chloride.  bichloride.  acid. 

X  iDBtead  of  NC!»  it  may  in  reality  be  NHC1»  or  NH/3L 

9  CyCli,  G^df,  C^l^,  and  OOI4. 
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BROMINE. 

Bbominb*  was  discovered  by  Balard  in  1826.  It  is  found  in  sea- water, 
S)id  is  a  frequent  constituent  of  saline  springs,  chiefly  as  magnesium  bro- 
mide :  a  celebrated  spring  of  the  kind  exists  near  Kreuznach  in  Prussia. 
Bromine  may  be  obtained  pure  by  the  following  process,  which  depends 
upon  the  fact  that  ether,  agitated  with  an  aqueous  solution  of  bromine, 
removes  the  greater  part  of  that  substance. 

The  mother-liquor,  from  which  the  less  soluble  salts  have  separated  by 
crystallization,  is  exposed  to  a  stream  of  chlorine,  and  then  shaken  up 
with  ether;  the  chlorine  decomposes  the  magnesium  bromide,  and  the 
ether  dissolves  the  bromine  thus  set  free.  On  standing,  the  etherenl  solu- 
tion, having  a  fine  red  color,  separates,  and  mny  be  removed  by  a  funnel 
or  pipette.  Caustic  potash  is  then  added  in  excess,  and  heat  applied ; 
potassium  bromide  and  bromate  are  formed.  The  solution  is  evaporated 
to  dryness,  and  the  saline  matter,  after  ignition  to  redness  to  decompose 
the  bromate,  is  heated  in  a  small  retort  with  manganese  dioxide  and  sul- 
phuric acid  diluted  with  a  little  water,  the  neck  of  the  retort  being 
plunged  into  cold  water.  The  bromine  volatilizes  in  the  form  of  a  deep- 
red  vapor,  which  condenses  into  drops  beneath  the  liquid. 

Bromine  is  at  common  temperatures  a  red  thin  liquid  of  an  exceedingly 
intense  color,  and  very  volatile;  it  freezes  at  about  — 1°  (19°  F.),  and 
boils  at  63°  (148°  F.)  The  density  of  the  liquid  is  2  976,  and  that  of  the 
vapor  6-64  compared  with  air,  and  80  compared  with  hydrogen.  The 
odor  of  bromine  is  very  suffocating  and  offensive,  much  resembling  tbaf 
of  iodine,  but  more  disagreeable.  It  is  slightly  soluble  in  water,  more 
freely  in  alcohol,  and  most  abundantly  in  ether.  The  aqueous  solution 
bleaches. 

Htpbookn  Bromide,  or  Htdbobronio  AciD.f — This  substance  bears 
the  closest  resemblance  to  hydriodic  acid:  it  has  the  same  constitution  by 
volume,  very  nearly  the  same  properties,  and  may  be  prepared  by  means 
exactly  similar,  substituting  the  one  body  for  the  other  (see  page  18t*). 
The  solution  of  hydrobromic  acid  has  also  the  power  of  dissolving  a  large 
quantity  of  bromine,  thereby  acquiring  a  red  tint.  Hydrobromic  acid 
contains  by  weight  80  parts  bromine  and  1  part  hydrogen. 

Bronio  Acid.  J — Caustic  alkalis  in  presence  of  bromine  undergo  the 
same  change  as  with  chlorine,  a  metallic  bromide  and  bromate  being  pro- 
duced: these  may  often  be  separated  by  the  inferior  solubility  of  the  lat- 
ter. Bromic  acid,  obtained  from  barium  bromate,  closely  resembles  chloric 
acid ;  it  is  easily  decomposed.  The  bromates,  when  heated,  lose  oxygen  and 
become  bromides. 

A  hypobromous  acid  corresponding  to  hypoohlorous  acid  is  likewise 
known. 


lODIVE. 


This  element  was  first  noticed  in  1812  by  M.  Courtois,  of  Paris.  Minute 
traces  are  found  in  combination  with  sodium  or  potassium  in  sea- water, 
and  occasionally  a  much  larger  proportion  in  that  of  certain  mineral 
springs.     It  seems  to  be  in  some  way  beneficial  to  many  marine  plants,  as 

•  From  /3f»M/iO(,  a  tioIhoidp  nmoU :  a  very  impropriate  tprm. 
t  II  »r.  X  "rOa". 
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these  latter  have  the  power  of  abstracting  it  from  the  surrounding  water, 
and  accumulating  it  in  their  tissues.  It  is  from  this  source  that  all  the 
iodine  of  commerce  is  derived,  tt  has  lately  been  found  in  minute  quan- 
tity in  some  aluminous  slates  of  Sweden,  and  in  several  varieties  of  coal 
and  turf. 

Kelpy  or  the  half- vitrified  ashes  of  sea- weeds,  prepared  by  the  inhnbi- 
tants  of  the  Western  Islands  and  the  northern  shores  of  Scotland  and  Ire- 
land, is  treated  with  water,  and  the  solution  filtered.  The  liquid  is  then 
concentrated  by  evaporation  until  it  is  reduced  to  a  very  small  volume, 
the  sodium  chloride,  sodium  carbonate,  potassium  chloride,  and  other 
salts  being  rem^^ved  as  they  successively  crystallize.  The  dark-brown 
mother-liquor  left  contains  very  nearly  the  whole  of  the  iodine,  as  iodide  of 
sodium,  magnesium,  &o. :  this  is  mixed  with  sulphuric  acid  and  manganese 
dioxide,  and  gently  heated  in  a  leaden  retort,  when  the  iodine  distils  over 
and  condenses  in  the  receiver.  The  theory  of  the  operation  is  exactly 
analogous  to  that  of  the  preparation  of  chlorine;  in  practice,  however,  it 
requires  careful  management,  otherwise  the  impurities  present  in  the 
solution  interfere  with  the  general  result.* 

The  manganese  is  not  absolutely  necessary ;  potassium  or  sodium  iodide, 
heated  with  an  excess  of  sulphuric  acid,  evolves  iodine.  This  eflfect  is 
due  to  a  secondary  action  between  the  hydriodic  acid  first  produced  and 
the  excess  of  the  sulphuric  acid,  in  which  both  suffer  decomposition, 
yielding  iodine  water,  and  sulphurous  acid. 

Iodine  crystallizes  in  plates  or  scales  of  a  bluish-black  color  and  imper- 
fect metallic  lustre,  resembling  that  of  plumbago:  the  crystals  are  some- 
times very  large  and  brilliant.  Its  density  is  4-948.  It  melts  at  107^ 
(226®  F.),  and  boils  at  175®  (347®  F.),  the  vapor  having  an  exceedingly 
beautiful  violet  color.f  It  is  slowly  volatile,  however,  at  common  temper- 
atures, and  exhales  an  odor  much  resembling  that  of  chlorine.  The  den- 
sity of  the  vapor  is  8  716  compared  with  air,  127  compared  with  hydro- 
gen. Iodine  requires  for  solution  about  7000  parts  of  water,  which  never- 
theless acquires  a  brown  color ;  in  alcohol  it  is  much  more  freely  soluble. 
Solutions  of  hydriodic  acid  and  the  iodides  of  the  alkaline  metals  also 
dissolve  a  large  quantity :  these  solutions  are  not  decomposed  by  water, 
which  is  the  case  with  the  alcoholic  tincture 

Iodine  stains  the  skin,  but  not  permanently;  it  has  a  very  energetic 
action  upon  the  animal  system,  and  is  much  used  in  medicine. 

One  of  the  most  characteristic  properties  of  iodine  is  the  production  of 
a  splendid  blue  color  by  contact  with  starch.  The  iodine  for  this  purpose 
must  be  free  or  uncombined.  It  is  easy,  however,  to  make  the  test  available 
for  the  purpose  of  recognizing  the  presence  of  the  element  in  question 
when  a  soluble  iodide  is  suspected ;  it  is  only  necessary  to  add  a  very  small 
quantity  of  chlorine-water,  when  the  iodine,  being  displaced  from  combi- 
nation, becomes  capable  of  acting  upon  the  starch. 

Htdsoosn  Iodidb,  or  Htdbiodic  Acid.  —  The  simplest  process  for  pre- 
paring hydriodic  acid  gas  is  to  introduce  into  a  glass  tube,  sealed  at  one 
extremity,  a  little  iodine,  then  a  small  quantity  of  roughly  powdered  glass 
moistened  with  water,  upon  this  a  few  fragments  of  phosphorus,  and  lastly 
more  glass:  this  order  of  iodine,  glass,  phosphorus,  glass,  is  repeated  until 
the  tube  is  half  or  two-thirds  filled.  A  cork  and  narrow  bent  tube  are 
then  fitted,  and  gentle  heat  applied.  The  gas  is  best  collected  by  displace- 
ment of  air.     The  experiment  depends  on  the  formation  of  an  iodide  of 

•2KI        +       MnO|       +      2SO4H,    =       I?      +       8O4K,       +       »04Mn       -|-       20IIj 
PotMRiita       MHBKMnofle  I1ydn>fecn        Iodine.        Potassium        ManKanese  Water. 

iodide.  dioxide.  aulphatu  sniphato.  salpliato. 

t  Whence  the  name,  flrom  \ial^if  violet-colored. 
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This  element  has  neyer  been  isolated  —  at  least,  in  a  state  fit  for  exam- 
ination; its  properties  are  consequently  in  great  measure  unknown; 
but  from  the  obserTations  made,  it  is  presumed  to  be  gaseous,  and  to  pos>- 
sess  color,  like  chlorine.  The  compounds  containing  fluorine  can  beea:iiij 
decomposed,  and  the  element  transferred  from  one  body  to  another;  but 
its  intense  chemical  energies  towards  the  metals  and  towards  silicium.  a 
component  of  glass,  have  hitherto  baffled  all  attempts  to  obtain  it  pure  in 
the  separate  state.  As  calcium  fluoride,  it  exists  in  small  quantities  in 
many  animal  substances,  such  as  bones.  Seyeral  chemists  have  endeaTored 
.to  obtain  it  by  decomposing  silver  fluoride  by  means  of  chlorine  in  vessels 
of  fluor-spar,  but  even  these  experiments  have  not  led  to  a  deeisive  result. 

Hydroobn  Fluobidk,  or  IItdbofluoric  Acid.* — When  powdered  cal- 
cium fluoride  (fluor-spar)  is  heated  with  concentrated  sulphuric  acid  in  a 
retort  of  platinum  or  lead  connected  with  a  carefully  cooled  receiver  of 
the  same  metal,  a  Tery  volatile  colorless  liquid  is  obtained,  which  emits 
copious  white  and  highly  suflfoeating  fumes  in  the  air.  This  was  formerly 
believed  to  be  the  acid  in  the  anhydrous  state.  Louyet,  however,  states 
that  it  still  contains  water,  and  that  hydrofluoric  acid,  like  hydrochloric 
acid,  when  anhydrous,  is  a  gas.  The  anhydrous  acid  may  be  prepared, 
according  to  Fr^my,  by  distilling  hydrogen  and  potai^sium  fluoride  in  a 
platinum  vessel.  The  acid  is  gaseous  at  ordinary  temperatures.  In  a 
frigorific  mixture  it  exists  as  a  Uquid,  which  acts  violently  on  water  and 
evolves  white  fumes. 

When  hydrofluoric  acid  is  put  into  water,  it  unites  with  the  latter  with 
great  violence:  the  dilute  solution  attacks  glass  with  great  facility.  The 
concentrated  acid,  dropped  upon  the  skin,  occasions  deep  and  malignant 
ulcers,  so  that  great  care  is  requisite  in  its  management.  Hydrofluoric 
acid  contains  19  parts  fluorine  and  I  part  hydrogen. 

In  a  diluted  state,  this  acid  is  occasionally  used  in  the  analysis  of  siliceous 
minerals,  when  alkali  is  to  be  estimated:  it  is  employed,  also,  for  etching 
on  glass,  for  which  purpose  the  acid  may  be  prepared  in  ve^'sels  of  lead, 
that  metal  being  but  slowly  attacked  under  these  circumstances.  The 
vapor  of  the  acid  is  also  very  advantageously  applied  to  the  same  object 
in  the  following  manner :  The  glass  to  be  engraved  is  coated  with  etching- 
ground  or  wax,  and  the  design  traced  in  the  usual  way  with  a  point^ 
instrument.  A  shallow  basin  made  by  beating  up  a  piece  of  sheet -lead  is 
then  prepared,  a  little  powdered  fluor-spar  placed  in  it,  and  enough  sul- 
phuric acid  added  to  form  with  the  latter  a  thin  paste.  The  glass  is 
placed  upon  the  basin,  with  the  waxed  side  downward,  and  gentle  heat 
applied  beneath,  which  speedily  disengages  the  vapor  of  hydrofluoric  acid, 
lu  a  very  few  minutes,  the  operation  is  complete:  the  glass  is  then  re- 
moved and  cleaned  by  a  little  warm  oil  of  turpentine.  When  the  experi- 
ment is  successful,  the  lines  are  very  clean  and  smooth. 

No  combination  of  fluorine  and  oxygen  has  yet  been  discoTered. 


imPETra. 

Tbis  is  AD  «tem«nlar7  bodj  of  great  importanoe  and  intoreat.  It  ii 
often  foatiil  in  the  free  state  iQ  connectioa  witli  depoBilH  of  g^ptuio  aoil 
rock-s»U:  its  occurrance  Id  Toluaain  districts  is  probabljr  kcaideatat. 
Sicilj  fumisliea  a  large  proportion  of  ttie  sulpbur  employed  in  Europe. 
[d  a  Blkte  of  combinalioQ  with  iron  and  other  meuls,  and  aa  Buiphuric  aeitl 
united  to  lime  and  magneeia,  it  is  also  abuiidsBt. 

I'ure  sulpbur  ii  a  pale-jellow  brittle  solid,  of  well-known  appearand:. 
It  melta  when  bealed,  and  distils  over  unaltered,  if  air  be  excluded.  The 
crjKtAla  of  sulpbur  exhibit  two  distinct  and  incompatible  forms  —  namely, 
first.  »a  octohedron  with  rhombic  base  (lig.  liJIi),  whicfa  is  the  figure  of 
Daline  aulphur,  and  Ihst  assumed  when  aulpliur  separates  from  solution  at 
common  temperatures,  aa  when  i  Rolulion  of  sulphur  in  carbon  bisulphide 
is  exposed  lo  slow  evaporation  in  (he  air ;  and,  seoon Jly,  a  lengthened  prism 
having  no  relation  to  the  preceding;  this  happens  when  a  mass  of  sulphur 
IB  melted,  and.  aRer  partial  cooling,  the  crust  on  the  surface  is  broken  and 
the  fluid  portion  poured  out.     Fig.  137  shows  the  result  of  such  an  etperi- 


Th«  Bpecific  piTity  of  sulphur  varies  according  to  the  form  In  which  it 
is  erystalliied.  The  ootohedral  tariet;  has  the  specific  grsTity  2-Oii;  ths 
prismatic  Tariet;  the  specific  graTit;  l'9e'2. 

Salpbur  melts  at  111"  (aaa"  P.)  (at  114-5'.  according  to  Broilie):  at  this 
temperature  it  is  of  the  color  of  amber,  and  thin  and  fluid  as  water:  when 
further  healed,  it  brgioB  to  tbiclieii.  and  to  acquire  a  deeper  color;  and 
between  221°  (430°  P.)  and  249"  (480°  P.)  it  is  ho  tenacious  (hat  the  veaael 
in  which  il  is  contained  may  be  inverted  for  a  moment  without  the  loss  of 
ila  contents.  If  in  this  state  it  be  poured  into  water,  it  retains  for  many 
hours  a  remarkably  soft  and  flexible  condition,  which  should  be  looked  upon 
»■  the  amorphous  slate  of  sulphur.  After  a  while  il  again  becomes  bridle 
and  crystalline.  From  the  temperature  la.it  mentioned  lo  the  boiling-point 
—  about  400°  (792-=  P.)  — Bulphur  a^ain  becomes  Ihin  and  liquid.  In  the 
preparation  of  commercial  flowers  of  sulphur.  Iho  vapor  is  conducted  into 
a  large  cold  chamber,  where  it  condenses  in  minute  cryslalH.  The  specific 
gravity  of  sulphur  vapor  is  2'22,  referreJ  to  that  of  air  as  unity,  or  3a  com- 
pared with  that  of  hydrogen  (Deville). 

Sulphur  is  insoluble  in  water  and  alcohol ;  oil  of  turpentine  and  the  fat 
Oila  dissolve  it.  but  the  best  pubsrance  for  the  purpose  is  carbon  bisulphide. 
In  its  chemical  relations  sulphur  bears  great  resemblance  to  oxygen:  to  very 
many  oxides  there  are  corresponding  sulphides,  and  the  sulphidea  often 
nnite  among  themselves,  forming  crystalliiable  compounds  analogous  lo 
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Sulphur  is  remarkable  for  the  great  number  of  modifications  which  it  U 
capable  of  assuming.  Of  these,  however,  there  are  two  principal  well- 
characterized  Tarieties,  one  soluble,  and  the  other  insoluble  in  carbon  bi- 
sulphide, and  many  minor  modifications.  The  soluble  variety  is  distinguiebeU 
by  Berthelot*  by  the  name  of  eltetro-negative  sulphur,  because  it  is  the  furni 
which  appears  at  the  positive  pole  of  the  voltaic  battery  during  the  decom- 
position of  an  aqueous  solution  of  hydrogen  sulphide,  and  is  separated  from 
the  combinations  of  sulphur  with  the  electro-positive  metals.  The  insolu- 
ble variety  is  distinguished  as  electro-potiUve  nUphur,  because  it  is  the  form 
which  appears  at  the  negative  pole  during  the  electric  decomposition  of 
sulphurous  acid,  and  separates  from  compounds  of  sulphur  with  the  electro- 
negative elements,  chlorine,  bromine,  oxygen,  &c. 

The  principal  modifications  of  soluble  sulphur  are  the  octohedral  and 
prismatic  varieties  alreadv  mentioned,  and  an  amorphous  variety  which  is 
precipitated  as  a  greenish-white  emulsion,  known  as  milk  of  sulphur  od 
adding  an  acid  to  a  dilute  solution  of  an  alkaline  poly  sulphide,  such,  for 
example,  as  is  obtained  by  boiling  sulphur  with  milk  of  lime.f  This  amor- 
phous sulphur  changes  by  keeping  into  a  mass  of  minute  octohedral  crystals. 
Sublimed  sulphur  appears  also  to  be  allied  to  this  modification,  but  it  always 
contains  a  small  portion  of  one  of  the  insoluble  modifications. 

The  chief  modifications  of  insoluble  sulphur  nre:  1.  The  amorphous  in- 
soluble variety,  obtained  as  a  soft  magma  by  decomposing  chlorine  bisul- 
phide with  water,  or  by  adding  dilute  hydrochloric  acid  to  the  solution  of  a 
hyposulphite.!  2.  The  plastic  sulphur  already  mentioned  as  obtained  by 
pouring  viscid  melted  sulphur  into  water.  A  very  similar  variety  is  pro- 
duced by  boiling  metallic  sulphides  with  nitric  or  nitro-muriatic  acid. 

Magnus  {  obtained  a  black  modification  of  sulphur  by  repeatedly  heating 
sulphur  to  800°  ^572°  F.),  cooling  suddenly,  and  exhausting  with  carbon  bi- 
sulphide; and  tnis  black  sulphur,  heated  to  a  temperature  between  180^ 
and  150°,  passed  into  a  red  modification.  According  to  Mitsoherlich,  bowr 
ever,  pure  sulphur  does  not  exhibit  these  modifications;  but  various  highly 
colored  products  may  be  obtained  by  melting  sulphur  with  small  quantities 
of  fatty  matters.  Even  the  grease  imparted  by  touching  sulphur  with  the 
fingers  is  sufficient  to  alter  its  color  considerably  when  melted. 

When  solutions  of  hydrogen  sulphide  and  ferric  chloride  are  mixed 
together,  a  blue  precipitate  is  sometimes  formed,  which  is  said  to  be  a 
peculiar  modification  of  sulphur. 

Compounds  of  Sulphur  and  Otygen, 

There  are  two  oxides  of  sulphur  whose  names  and  composition  are  as 

follows : 

Compodtlon  by  wvfght. 


Salphar.        Ox.Tfiren. 
Sulphur  dioxide  or  Sulphurous  oxide       .         .         .     32      -f      82 
Sulphur  trioxide  or  Sulphuric  oxide     .         .         .         82      4-      ^^ 

Both  these  oxides  unite  with  water  and  metallic  oxides,  or  the  elements 
(hereof,  producing  salts ;  those  derived  from  sulphurous  oxide  ere  called 

•  Ann.  Chim  Phyii.  [3],  xllx.  •'«). 

t  CaSs        -f        2nCl         =        CaCl,        +       SH,        +8, 

Calciom        Hydrochloric  GHlcinm  Hydroj^n         Snlphtir. 

pentasulphide.         acid.  chloride.  aiilphide. 

X      2C1A     -i-      son,      =      4Hn      -f      sv>,n,      +      a. 

Chlorine  Water.  Hydrochloric    Hyposnlpfiuroiu    Salphnr. 

bisulphide.  acid.  acid. 

{  PoggendorflTs  Annalen,  xcii.  808. 
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sulphites,  and  those  deriTed  from  sulphuric  acid,  sulphates.     The  oomposi-  < 
tion  of  the  hydrogen  salts,  or  acids,  is  as  follows :  * 

Sulphur.      Oxjgen.      Hydrogen.      Snlpharona  oxide.  Water. 

Hydrogen  Sulphite.    I         82    +    48+2        =  64         +18 

or  Sulphurous  acid  j 

Snlphnrio  oxide.    Water. 
Hydrogen  Sulphate.    |        82    +    64+2        =  80         +18 

or  Sulphuric  acid    j  '  '  ^ 

The  replacement  of  half  or  the  whole  of  the  hydrogen  in  these  acids, 
by  metals,  gives  rise  to  metallic  sulphites  and  sulphates. 

There  are  also  several  acids  of  sulphur,  with  their  corresponding  metal* 
Lie  salts,  t-o  which  there  are  no  corresponding  anhydrous  oxides,  viz. : 

1.  HypotuLphmrou*  or  Thio»ulpkuric  Add,  having  the  composition  of  sul- 
phuric acid  in  which  one  fourth  of  the  oxygen  is  replaced  by  sulphur.f 
Its  composition  by  weight  is : 

Snlphnr.  Qxysen.  Hydrogen. 

64  +  48  +  2 

2.  A  series  of  acids  called  Polythionie  Aeid»^X  in  which  the  same  quanti- 
ties of  oxjgen  and  hydrogen  are  united  with  quantities  of  sulphur  in  the 
proportion  of  the  numbers  2,  8,  4,  5,}  vis.: 

Snlphnr.    Oxygen.     Hydrogen. 
Ditfaionic,  or  Hyposulphuric  acid    .         .        64    +     96+2 

Trithionic  acid 96     +     96+2 

Tetrathionic  acid 128    +     ^+2 

Peatathionio  acid         .        .        .  .160    +    96+2 

SuLPBiTB  Dioxide,  or  Sulphurous  Oxide.  —  This  is  the  only  product  of 
the  eombustion  of  sulphur  in  dry  air  or  oxygen  gas.     It  is  most  conveniently 
preparcKl  by  heating  sulphuric  acid  with  metallic  mercury  or  copper  clip- 
pings ;  a  portion  of  the  acid  is  decomposed,  one  third  of  the  oxygen  of  the 
sulphuric  oxide  being  transferred  to  the  metal,  while  the  sulphuric  oxide 
is  reduced  to  sulphurous  oxide  which  escapes  as  gas.||    Another  very  simple 
method  of  preparing  sulphurous  oxide  consists  in  heating  concentrated  sul- 
phuric acid  with  sulphur;  a  very  regular  evolution  of  sulphurous  oxide  is 
thus  obtained.     Sulphurous  oxide  is  a  colorless  gas,  having  the  peculiar 
suffocating  odor  of  burning  brimstone ;  it  instantly  extinguishes  flame,  and 
is  quite  irrespirible.     Its  density  is  2*21 ;   a  litre  weighs  2'8605  grams ; 
100  cubic  inches  weigh  68-69  grains.   At  —17-8°  (0°  F, ),  under  the  ordinary 
pressure  of  the  atmosphere,  this  gas  condenses  to  a  colorless,  limpid  liquid, 
very  expansible  by  heat.     Cold  water  dissolves  more  than  thirty  times  its 
volume  of  sulphurous  oxide.     The  solution,  which  contains  hydrogen  sul- 
phite or  sulphurous  acid,  may  be  kept  unchanged  so  long  as  air  is  excluded, 
but  access  of  oxygen  gradually  converts  the  sulphurous  into  sulphuric  acid, 
although  dry  sulphurous  oxide  and  oxygen  gases  may  remain  in  contact 

*  The  oompoeition  of  these  oxides  and  acids  Is  thus  expressed  in  symbols: 
Sulphurous  oxide       ....        80^ 

Snlphnrons  acid SO,H(  =  SO^OHf 

Sulphuric  oxide SOs 

Sulphuric  acid 804lf,  =  SO|.OHt 

t  Snlphnric  acid 804H. 

Thioeulpbnric  acid S^Hf. 

X  From  mX^f,  many,  and  Qtiovt  snlphnr. 

{  In  symbols: 

DIthionio  acid       ....  SgOeH^ 

Trithionic  acid  ....  SiJOeHs 

Tetrathionic  acid  ....  StQeHt 

Pentathionic  acid  .        .  SkO^IIs 

I      2(80,.OHs)       -f        Cu        »  80,.CuO  +        20H,        +  SOi 

Snlphnnc  acid.         Copper.  Copper  sulphate.  Water.  Snlphnrons  oxide. 
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for  any  length  of  time  without  change.  When  sulphnrons  oxide  and 
aqueous  vapor  are  passed  into  a  vessel  cooled  to  below  — 8-3°  or — 6**  (17®  or 
21°  F.),  a  crystalline  body  forms,  which  contains  about  24*2  sulphurous 
oxide  to  76  8  of  water. 

One  volume  of  sulphurous  oxide  gas  contains  one  Yolume  of  oxygen  and 
half  a  volume  of  sulphur  vapor,  condensed  into  one  volume. 

Gases  which,  like  the  present,  are  freely  soluble  in  water,  must  be  col« 
lected  by  displacement,  or  by  the  use  of  the  mercurial  pneumatic  trough. 
The  manipulation  with  the  latter  is  exactly  the  same  in  principle  ats  with 
the  ordinary  water-trough,  but  rather  more  troublesome,  from  the  great 
density  of  the  mercury,  and  its  opacity.  The  whole  apparatus  is  on  a  much 
smaller  scnle.  The  trough  is  best  constructed  of  hard,  sound  woo«l,  and  so 
contrived  as  to  economize  as  much  as  possible  the  expensive  liquid  it  is  lo 
contain. 

Sulphurous  acid  has  bleaching  properties ;  it  is  used  in  the  arts  for  bleach- 
ing woollen  goods  and  straw-plait.  A  piece  of  blue  litmus  paper  plunged 
into  the  moist  gas  is  first  reddened  and  then  slowly  bleached. 

The  salts  of  sulphurous  acid  are  not  of  much  importance:  those  of  the 
alkalies  are  soluble  and  cryst  alii  table;  they  are  easily  formed  by  direct 
combination.  The  sulphites  of  barium,  strontium,  and  calcium  are  insol- 
uble in  water,  but  soluble  in  hydrochloric  acid.  The  stronger  acids  de- 
compose them;  nitric  acid  converts  them  into  sulphates. 

Sulphurous  oxide  unites,  under  peculiar  circumstances,  with  chlorine, 
and  also  with  iodine,  forming  compounds,  which  have  been  called  chloro- 
and  iodo-sulphuric  acids.  They  are  decomposed  by  water.  It  also  combines 
with  dry  ammoniacal  gas,  giving  rise  to  a  remarkable  compound  ;  and  with 
nitric  oxide  also,  in  presence  of  an  alkali. 

Sulphur  Trioxidb  or  Sulphubic  Oxide  (also  called  Anhydrotu  Sulphuric 
acid,  or  Sulphuric  anhydride), — This  compound  may  be  formed  directly  by 
passing  a  dry  mixture  of  sulphurous  oxide  and  oxygen  gases  over  heated 
spongy  platinum ;  or  it  may  be  obtained  by  distilling  the  most  concentrated 
sulphuric  acid  with  phosphoric  oxide,  which  then  abstracts  the  water  and 
sets  the  sulphuric  oxide  free.  It  is  usually  prepared,  however,  from  the 
fuming  oil  of  vitriol  of  Nordhausen,  which  may  be  regarded  as  a  solution 
of  sulphuric  oxide  in  sulphuric  acid.  On  gently  heating  this  liquid  in  a 
retort  connected  with  a  receiver  cooled  by  a  freezing  mixture,  the  sulphuric 
oxide  distils  over  in  great  abundance,  and  condenses  into  beautiful  white 
silky  crystals,  resembling  those  of  asbestos.  When  thrown  into  water, 
it  hisses  like  a  red-hot  iron,  from  the  violence  with  which  combination 
occurs:  the  product  is  sulphuric  acid.  When  exposed  to  the  air,  even 
for  a  few  moments,  it  liquefies  by  absorption  of  moisture.  It  unites  with 
ammoniacal  gas,  forming  a  salt  called  ammonium  sulphamate,  the  nature  of 
which  will  be  explained  further  on. 

Sulphuric  Acid.  —  This  acid  has  been  known  since  the  fifteenth  century. 

There  are  two  distinct  processes  by  which  it  is  at  present  prepared  — 
namely,  by  the  distillation  of  ferrous  sulphate  (copperas  or  green  vitriol), 
and  by  the  oxidation  of  sulphurous  acid  with  nitrous  and  hyponitric  acids. 

The  first  process  is  still  carried  on  in  some  parts  of  Germany,  especially 
in  the  neighborhood  of  Nordhausen  in  Prussia,  and  in  Bohemia.  The  fer- 
rous sulphate,  derived  from  the  oxidation  of  iron  pyrites,  is  deprived  by 
heat  of  the  greater  part  of  its  water  of  crystallization,  and  subjected  to  a 
high  red  heat  in  earthen  retorts,  to  which  receivers  are  fitted  as  soon  as  the 
acid  begins  to  distil  over.  A  part  gets  decomposed  by  the  very  high  tem- 
perature ;  the  remainder  is  driven  off  in  vapor,  which  is  condensed  by  the 
cold  vessel,  containing  a  very  small  quantity  of  water  or  common  sulphuric 
acid.     The  product  is  a  brown  oily  liquid,  of  about  1*9  specific  gravity,  fum- 
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in);  in  the  air,  and  rerj  corrosive.     It  is  chiefly  made  for  the  purpose  of 
dis«olTing  indigo. 

The  second  method,  which  is,  perhaps,  with  the  single  exception  men- 
tioned, always  followed  as  the  more  economical,  depends  upon  the  f&ct  that, 
when  sulphurous  oxide,  nitrogen  tetroxide,  and  water  are  present  together 
in  certain  proportions,  the  sulphurous  oxide  becomes  oxidized  at  the  expense 
of  the  nitrogen  tetroxide,  which  by  the  loss  of  one-half  of  its  oxygen,  sinks 
to  the  condition  of  nitrogen  dioxide.     The  operation  is  thus  conducted :  A 
Urge  and  rery  long  chamber  is  built  of  sheet-lead  supported  by  timber- 
framing:  on  the  outside,  at  one  extremity,  a  small  furnace  or  oven  is  con- 
structed, having  a  wide  tube  leading  into  the  chamber.     In  this,  sulphur  is 
kept  burning,  the  flame  of  which  heats  a  crucible  containing  a  mixture  of 
Ditre  and  oil  of  vitriol.     A  shallow  stratum  of  water  occupies  the  floor  of 
the  chamber,  and  a  jet  of  steam  is  also  introduced.     Lastly,  an  exit  is  pro- 
vided at  the  remote  end  of  the  chamber  for  the  spent  and  useless  gases. 
The  effect  of  these  .arrangements  is  to  cause  a  constant  supply  of  sulphur- 
ous oxide,  atmospheric  air,  nitric  acid  vapor,  and  water  in  the  state  of 
eteam,  to  be  thrown  into  the  chamber,  there  to  mix  and  react  upon  each 
other.    The  nitric  acid  immediately  gives  up  a  part  of  its  oxygen  to  the 
^Iphurous  oxide,  and  is  itself  reduced  to  nitrogen  tetroxide ;  it  does  not 
remain  in  this  state,  however,  but  suff'ers  further  deoxidation  until  it  be- 
comes reduced  to  nitrogen  dioxide.     That  substance,  in  contact  with  free 
oxjgen,  absorbs  a  portion  of  the  latter,  and  once  more  becomes  tetroxide, 
which  is  again  destined  to  undergo  deoxidation  by  a  fresh  quantity  of  sul- 
phurous oxide.     A  very  small  portion  of  nitrogen  tetroxide,  mixed  with  at- 
mospheric air  and  sulphurous  oxide,  may  thus  in  time  convert  an  indefinite 
amoant  of  the  latter  into  sulphuric  acid,  by  acting  as  a  kind  of  carrier  be- 
tween the  oxygen  of  the  air  and  the  sulphurous  oxide.     The  presence  of 
water  is  essential  to  this  reaction. 
We  may  thus  represent  the  change :  * 

Nitrogen  tetroxide  f  ^'^^^«^^  \i      _..,.,^     Nitrogen  dioxide  80. 

46         1  Oxygen    16  ^ 

^^         I  Oxygen    16^ 
Sulphurous  oxide    r  Sulphur    82     '":v^^ 

^         \  Oxygen    82  -^-JIll^Ss^s^  ^ 

Water  ,        .        .18  ^^>  Sulphuric  aoid  98. 

Such  is  the  simplest  view  that  can  be  taken  of  the  production  of  sulphuric 
&^d  in  the  leaden  chamber ;  but  it  is  too  much  to  affirm  that  it  is  strictly 
trae;  the  reaction  may  be  more  complex.  When  a  little  water  is  put  at 
th«  bottom  of  a  large  glass  globe,  so  as  to  maintain  a  certain  degree  of  hu- 
midity in  the  air  within,  and  sulphurous  oxide  and  nitrogen  tetroxide  are 
iBtrodaced  by  separate  tubes,  symptoms  of  chemical  action  become  im- 
mediately evident,  and  after  a  little  time  a  white  crystalline  matter  is 
observed  to  condense  on  the  sides  of  the  vessel.  This  substance  appears 
^0  be  a  compound  of  sulphuric  acid,  nitrous  acid,  and  a  little  water.f 
When  thrown  into   water,  it  is  resolved   into  sulphuric  acid,  nitrogen 

•        NO,  -H         SOt        -f-        OH,        =        NO  -f-  SOilT, 

Nitro^  Salphurons        Wat«r.  Nftrogen  Salphnrie 

ta«ioxiiie.  oxide.  dioxide.  acid. 

T  (HnltlCT  d«  Clanbry  aiwigned  to  this  cnrions  snbstance  the  composition  expre«8«d  by  the 
JJJjnil*  2(NJ[^.«iOHj).680s,  and  this  view  has  generally  been  received  by  recent  chemical 
'TU»!r»  De  u  Provoetiye  has  since  nhown  that  a  compound  poMemInf:  all  the  essential  prop- 
J"tH  of  the  body  in  qnestion  may  he  formed  by  bringing  together,  !n  a  sealed  glass  tube, 
l^jiM  lalphnron!!  oxide  and  liquid  nUrogen  tetroxide,  both  free  from  water.  The  white  crys- 
«Ji«no  solid  »)on  begins  to  form,  and  at  th«»  explmfion  of  twenty-nix  boors  the  reaction  ap- 
**•"  eompleta.    The  new  product  ia  accompanied  by  an  exc«edi*ngly  volatile  greenish  liquid 
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dioxide,  and  nitric  acid.  This  curious  body  is  certainly  Terj  often  pi 
duced  in  large  quantity  in  the  leaden  chambers ;  but  that  its  production  is 
indispensable  to  the  success  of  the  process,  and  constant  when  the  operation 
goes  on  well,  and  the  nitrogen  tetroxide  is  not  in  excess,  may  perhaps  a^~ 
mit  of  doubt. 

The  water  at  the  bottom  of  the  chamber  thus  becomes  loaded  with  sul- 
phuric acid:  when  a  certain  degree  of  strength  has  been  reached,  the  acid 
is  drawn  off  and  concentrated   by  evaporation,  first  in  leaden  pans,  and 
afterwards  in  stills  of  platinum,  until  it  attains  a  density  (when  cold)  of 
1*84,  or  thereabouts;  it  is  then  transferred  to  carboys,  or  largo  glass  bot.— 
ties  fitted  in  baskets,  for  sale.     In  Great  Britain  this  manufacture  is  one 
of  great  national  importance,  and  is  carried  on  to  a  vast  extent.     Sulphurie 
acid  is  now  more  frequently  made  by  burning  iron  pyrites,  or  poor  copper 
ore,  or  zinc-blende,  as  a  substitute  for  Sicilian  sulphur:  it  very  frequently 
contains  arsenic,  from  which  it  may  be  freed,  however,  by  heating  it  with 
a  small  quantity  of  sodium  chloride,  or  by  passing  through  the  heated 
acid  a  current  of  hydrochloric  acid  gas,  whereby  the  arsenic  is  volatilized 
as  trichloride. 

The  most  concentrated  sulphuric  acid,  or  oil  of  vitriol,  as  it  is  often 
called,  is  a  definite  combination  of  40  parts  sulphuric  oxide,  and  9  parts 
water.*  It  is  a  colorless  oily  liquid,  having  a  specific  gravity  of  about  1*86, 
of  intensely  acid  taste  and  reaction.  Organic  matter  is  rapidly  charred 
and  destroyed  by  this  substance.  At  the  temperature  of  — 26°  ( — 15°  F.) 
it  freezes;  at  827°  (620°  F.)  it  boils,  and  may  be  distilled  without  decom- 
position. Oil  of  vitriol  has  a  most  energetic  attraction  for  water ;  it  with- 
draws aqueous  vapor  from  the  air,  and  when  it  is  diluted  with  water,  great 
heat  is  evolved,  so  that  the  mixture  always  requires  to  be  made  with  cau- 
tion. Oil  of  vitriol  is  not  the  only  hydrate  of  sulphuric  oxide;  three 
others  are  known  to  exist.  When  the  fuming  oil  of  vitriol  of  Nordhausen 
is  exposed  to  a  low  temperature,  a  white  crystalline  substance  separates, 
which  is  a  hydrate  containing  half  as  much  water  as  the  common  liquid 
acid.  Then,  again,  a  mixture  of  98  parts  of  strong  liquid  acid  and  18 
parts  of  water  f  congeals  or  crystallizes  at  a  temperature  above  0°,  and 
remains  solid  even  at  7*2°  (45°  F.).  Lastly,  when  a  very  dilute  acid  is 
concentrated  by  evaporation  in  a  vacuum  over  a  surface  of  oil  of  vitriol, 
the  evaporation  stops  when  the  sulphuric  oxide  and  water  bear  to  each 
other  the  proportion  of  80  to  54.} 

When  the  vapor  of  sulphuric  acid  is  passed  over  red-hot  platinum,  it  is    ^ 
decomposed  into  oxygen  and  sulphurous  acid.     St.  Claire  Deville  and  I>e- 
bray  have  recommended  this  process  for  the  preparation  of  oxygen  on  the 
large  scale,  the  sulphurous  acid  being  easily  separated  by  its  solubility  in 
water  or  alkaline  solutions. 

Sulphuric  acid  acts  readily  on  metallic  oxides;  converting  them  into 
sulphates.  It  also  <lecomposes  carbonates  with  the  greatest  ease,  expelling 
carbon  dioxide  with  effervescence.  With  the  aid  of  heat  it  likewise  de- 
composes all  other  salts  containing  acids  more  volatile  than  itself.  The 
sulphates  are  a  very  important  class  of  salts,  many  of  them  being  exten- 
sively used  in  the  arts.  Most  sulphates  are  soluble  in  water,  but  they  are 
all  insoluble  in  alcohol.     The  barium,  calcium,  strontium,  and  lead  salts 

having  the  chRfacteni  of  nitrons  acid.  The  white  stibstance,  on  annlysin,  was  foQiid  to  contain 
the  elements  of  two  molvcules  of  solphnric  oxide  and  one  of  nitrons  oxide,  or  N4(V2SO^  M. 
de  la  ProTostayo  very  ingeniously  explains  the  anomalies  in  the  different  analyses  of  the 
leaden  chaml»er  product,  by  showing  that  the  pure  suUijitjince  Ibrms  cry^tallizable  combina* 
tlons  with  different  prop(irtionH  of  snlphuric  ncid.  (Ann.  Chim.  I'hys.  Ixxiii.  362.)  See  also 
Weber  (Jaliresbericht  fUr  Chcniie,  1863,  p.  738;    1865,  p.  93;  Bull.  ik>c.  Chim.  do  Paris,  1867, 

•  SO,.OH.    =    8O4H2.  t  S0^20H,    =    S04Hs.0Ht. 

X  SOa  »OHs    =    &O4H8  2011,. 
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are  insoluble,  or  very  slightly  soluble,  in  water;  and  are  formed  by  pre- 
cipitating a  soluble  salt  of  either  of  those  metals  with  sulphuric  acid,  or  a 
soluble  metallic  sulphate.  Barium  sulphate  is  quite  insoluble  in  water; 
consequently  sulphuric  acid,  or  its  soluble  salts,  may  be  detected  with  the 
greatest  ease  by  solution  of  barium  nitrate  or  chloride;  a  white  precipi- 
tate is  thereby  produced  which  does  not  dissolve  in  nitric  acid. 

Htposulphcbous,  or  Thiosulphvrio  Acid. — By  digesting  sulphur  with 
a  solution  of  potassium  or  sodium  sulphite,  a  portion  of  that  substance  is 
dissolved,  and  the  liquid,  by  slow  evaporation,  furnishes  crystals  of  hypo- 
.sulphite.*  The  acid  itself  is  scarcely  known,  for  it  cannot  be  isolated : 
when  hydrochloric  acid  is  added  to  a  solution  of  a  hyposulphite,  the  acid 
of  the  latter  is  almost  instantly  resolved  into  sulphur,  which  precipitates, 
and  salpharoas  acid,  easily  recognized  by  its  odor.  In  very  dilute  solu- 
tion, however,  it  appears  to  remain  undecomposed  for  some  time.  The 
most  remarkable  feature  of  the  alkaline  hyposulphites  is  their  property 
of  dissolving  certain  insoluble  salts  of  silver,  as  the  chloride  —  a  property 
which  has  lately  conferred  upon  them  a  considerable  share  of  importance 
in  relation  to  the  art  of  photography.  They  are  also  much  used  as  anti- 
chloreg  for  removing  the  last  traces  of  chlorine  from  bleached  goods. 

Dtthionic,  or  Htposclphurio  Acid.  —  This  acid  is  prepared  by  sus- 
pending finely  divided  manganese  dioxide  in  water  artificially  cooled,  and 
then  transmitting  a  stream  of  sulphurous  acid  gas ;  the  dioxide  becomes 
monoxide,  half  its  oxygen  converting  the  sulphurous  into  dithionic  acid.f 
The  manganese  dithionate  thus  prepared  is  decomposed  by  a  solution  of 
pure  barium  hydrate,  and  the  barium  salt,  in  turn,  by  enough  sulphuric 
acid  to  precipitate  the  base.  The  solution  of  dithionic  acid  may  be  con- 
centrated by  evaporation  in  a  vacuum,  until  it  acquires  a  density  of  1-847; 
pushed  further,  it  decomposes  into  sulphuric  and  sulphurous  acids.  It 
has  no  odor,  is  very  sour,  and  forms  soluble  salts  with  baryta,  lime,  and 
lead  oxide. 

TaiTH IONIC  Acid.  —  A  substance  accidentally  formed  by  Langlois,t  in  the 
preparation  of  potassium  hyposulphite,  by  gently  heating  with  sulphur  a 
solution  of  potassium  carbonate  saturated  with  sulphurous  acid.  It  is  also 
produced  by  the  action  of  sulphurous  oxide  on  potassium  hyposulphite.} 
Ua  salts  bear  a  great  resemblance  to  those  of  hyposulphurous  acid,  but 
differ  completely  in  composition,  while  the  acid  itself  is  not  quite  so  prone 
to  change.  It  is  obtained  by  decomposing  the  potassium  salt  with  hydro- 
fluosilicic  acid :  it  may  be  concentrated  under  the  receiver  of  the  air-pumn, 
but  is  gradually  decomposed  into  sulphur,  sulphurous  and  sulphuric  acid's. 

Tbt&athiokic  Acid.  —  This  acid  was  discovered  by  Fordos  and  G^lis.  || 
When  iodine  is  added  to  a  solution  of  barium  hyposulphite,  a  large  quantity 
ef  that  substance  is  dissolved,  and  a  clear  colorless  solution  obtained, 

•    SO^K,  +  8  =  S^jKj 

PotaMiam  Salphnr.  Potiuwium 

■ulphite.  h}i>08ulphlte. 

t     MttOj         -f.  2SO3H,        =        g^jMn        +        20H4 

Hangane«e  Sulphuroas  ManKanese  Water. 

dioxide.  acid.  dithionHte. 

t  Ann.  Chim.  Phyg.  [2],  IxxIt.  260. 

2  2SaO,Ka  -f  3S0,  =  28AKa  +  8 

PotaMium  Snlpliurous  PutaiMiiim 

hypoenlphite.  oxid«.  tritliionate. 

I  Ann.  Ch.  Pharm.  zliv.  247. 


200 


SULPHUB. 


which,  besides  barinm  iodide,  contains  barium  tetraihionate.*  By  suitable 
means,  the  acid  can  be  eliminated,  and  obtained  in  a  state  of  solution.  It 
Tery  closely  resembles  dithionic  acid.  The  same  acid  is  produced  by  the 
action  of  sulphurous  acid  on  chlorine  disulphide. 

Pentathionic  Acid.  —  Another  acid  of  sulphur  was  discoTered  by  Wack- 
enroder,f  who  formed  it  by  the  action  of  hydrogen  sulphide  on  sulphuroui^ 
acid.}  It  is  colorless  and  inodorous,  of  acid  and  bitter  taste,  and  capable 
of  being  concentrated  to  a  considerable  extent  by  cautious  evaporation. 

Under  the  influence  of  heat,  it  is  decomposed  into  sulphur,  sulphurous 
and  sulphuric  acids,  and  hydrogen  sulphide.  The  salts  of  pentathionic  acid 
are  nearly  all  soluble.  The  barium  salt  crystallizes  from  alcohol  in  square 
prisms.  The  acid  is  also  formed  when  lead  dilhionate  is  decomposed  by 
hydrogen  sulphide,  and  when  chlorine  monosulphide  is  heated  with  sul- 
phurous acid. 

Sulphur  with  Hydrogen, 

Htdrooen  Monosulphide;  Sulphtdbic  Acid;  Hydrosflphubic  Acid; 
SuLPHUBETTED  IIydbogen. — There  are  two  methods  by  which  this  important 
compound  can  be  readily  prepared,  namely,  by  the  action  of  dilute  sulphuric 
acid  upon  iron  monosulphide,  and  by  the  decomposition  of  antimony  tri- 
sulphide  with  hydrochloric  acid.  The  first  method  yields  it  most  easily, 
the  second  in  the  purest  state. 

Iron  monosulphide  is  put  into  the  apparatus  for  hydrogen,  already  seTeral 
times  mentioned,  together  with  water,  and  oil  of  vitriol  is  added  by  the 
funnel,  until  a  copious  disengagement  of  gas  takes  place.  This  is  to  be 
collected  over  tepid  water.     The  reaction  is  thus  explained :  — 


Iron  sulphide.        {  f^'JP''"'" 


Water      .     .     . 
Sulphuric  oxide 


{Hydrogen 
Oxygen 


Hydrogen  sulphide. 


Ferrous  sulphate.} 


By  the  other  plan,  finely  powdered  antimony  trisulphide  is  put  into  a 
flask  to  which  a  cork  and  bent  tube  can  be  adapted,  and  strong  liquid 
hydrochloric  acid  poured  upon  it.  On  the  Application  of  heat,  a  double 
interchange  occurs  between  the  bodies  present,  hydrogen  sulphide  and 
antimony  trichloride  being  formed.  The  action  lasts  only  while  the  heat 
is  maintained. 


Hydrochloric  acid    {Hy^! 
Antimony  •ulphido.  |  ^"JP^"/^^ 


Hydrogen  sulphide. 


Antimony  chloride. 


Hydrogen  sulphide  is  a  colorless  gas,  having  the  odor  of  putrid  eggs ;  it 
is  most  offensive  when  in  small  quantity,  when  a  mere  trace  is  present  in 
the  air.     It  is  not  irritating,  but,  ou  the  contrary,  powerfully  narcotic 


Barium 
h.ypo»iilphite. 

f    Ann.  Ch  Pharm. 

X      fiSOsH,      + 
SnlphurotM 
acid. 


Iodine. 


I      FeS  + 

Ferrons 
sulphide. 

0  SbxS, 

AntimontoQS 
aulphidw. 


Ix.  189. 

5SII8    = 
Hydrogen 
■ulpliide. 

SO4H, 
nydrf>gon 
sulpha  to. 

6HC1 
Hydro  jcen 
chloride. 


BaT, 

BnrlHm 
iodide. 


BfiOeHs     = 
Pentatliionic 
acid. 

=  SH, 

Hydrogen 
sulphide. 

=  .  .^SHj 

Hydrogen 
'      sulphide. 


8409Ba 
Barium 
tetrathionate. 


0OH« 
Water. 


Iphi 


Bulphor. 


S04Fe 

Forrons 

sulphate. 

+  J?SbC1a 

Antimonioufl 
cliloride. 
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Fig.  138. 


Wlien  set  on  fire,  it  burns  with  a  blue  flame,  producing  sulphurous  acid 

Tvhen  the  supply  of  air  is  abundant;   and  depositing  sulphur  when  the 

oxjgen  is  deficient.     Mixed  with  chlorine,  it  is  instantly  decomposed,  with 

separation  of  the  whole  of  the  sulphur. 

This  gas  has  a  specific  gravity  of  1*171  referred  to  air,  or  17  referred  to 

hjdrogen  as  unity;  a  litre  weighs  1*51901  grams. 

A  pressure  of  17  atmospheres  at  10°  (50**  F.)  reduces  it  to  the  liquid  form. 

Cold  wat«r  dissolves  its  own  volume  of  hydrogen  sulphide,  and  the  solution 

is   often  directed  to  be  kept  as  a  test ;  it  is  so 

prone  to  decomposition,  however,  by  the  oxygen 

of  the  air,  that  it  quickly  spoils.     A  much  better 

plan  is  to  keep  a  little  apparatus  for  generating 

the  gas  always  at  hand,  and  ready  for  use  at  a 

moment's   notice.     A  small  bottle  or  flask,  to 

vrhich  a  bit  of  bent  tube  is  fitted  by  a  cork,  is 

supplied  with  a  little  iron  sulphide  and  water ; 

nrhen  required  for  use,  a  few  drops  of  oil  of 

T-itriol  are  added,  and  the  gas  is  at  once  evolved. 

The  experiment  completed,  the  liquid  is  poured 

from  the  bottle,  replaced  by  a  little  clean  water, 

and  the  apparatus  is  again  ready  for  use. 

Potassium  heated  in  hydrogen  sulphide  burns 

with  great  eneigy,  becoming  converted  into  sulphide,  while  pure  hydrogen 

remains,  equal  in  volume  to  the  original  gas.     Taking  this  act  into  account, 

and  comparing  the  density  of  the  gas  with  those  of  hydrogen  and  sulphur 

▼apor,  it  appears  that  every  volume  of  hydrogen   sulphide  contains  one 

▼olame  of  hydrogen  and  half  of  a  volume  of  sulphur-vapor,  the  whole 
condensed  into  one  volume,  a  constitution  precisely  analogous  to  that  of 
water-vapor.  This  corresponds  very  nearly  with  its  composition  by  weight, 
determined  by  other  means — namely,  16  parts  sulphur  and  1  part  hydrogen. 
When  a  mixture  of  100  measures  of  hydrogen  sulphide  and  150  measures 
of  pure  oxygen  is  exploded  by  the  electric  spark,  complete  combustion 
ensues,  and  100  measures  of  sulphurous  oxide  gas  result. 

Hydrogen  sulphide  is  a  frequent  product  of  the  putrefaction  of  organic 
matter,  both  animal  and  vegetable;  it  occurs  also  in  certain  mineral 
springs,  as  at  Harrogate,  and  elsewhere.  When  accidentally  present  in 
the  atmosphere  of  an  apartment,  it  may  be  instantaneously  destroyed  by  a 
small  quantity  of  chlorine  gas. 

There  are  few  reagents  of  greater  value  to  the  practical  chemist  than 
this  substance:  when  brought  in  contact  with  many  metallic  solutions,  it 
gives  rise  to  precipitates,  which  are  often  exceedingly  characteristic  in 
appearance,  and  it  frequently  afi'ords  the  means  of  separating  metals  from 
each  other  with  the  greatest  precision  and  certainty.  The  precipitates 
spoken  of  are  insoluble  sulphides,  formed  by  the  mutual  decomposition  of 
the  metallic  oxides  or  chlorides  and  hydrogen  sulphide,  water  or  hydro- 
chloric acid  being  produced  at  the  same  time.  All  the  metals  are  in  fact 
precipitated,  whose  sulphides  are  insoluble  in  water  and  in  dilute  acids. 

Arsenic  and  cadmium  solutions  thus  treated  give  bright  yellow  precipi- 
tates, the  former  soluble,  the  latter  insoluble,  in  ammonium  sulphide;  tin 
salts  give  a  brown  or  a  yellow  precipitate,  according  as  the  metal  is  in  the 
form  of  a  stannous  or  a  stannic  salt ;  both  soluble  in  ammonium  sulphide. 
Antimony  solutions  give  an  orange-red  precipitate,  soluble  in  ammonium 
sulphide.  Copper,  lead,  bismuth,  mercury,  and  silver  smUs  give  dnrk- 
brown  or  black  precipitates,  insoluble  in  ammonium  sulphide;  gold  and 
platinum  salts,  black  precipitates,  soluble  in  ammonium  sulphide 

Hydrogen  sulphide  possesses  the  properties  of  an  acid ;  its  solution  in 
water  reddens  litmus-paper. 
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tetrachloride  in  yarious  proportions,  according  to  the  temperature  at  which 
the  saturation  is  effected. 

Carbon  Oxtchlobide.'**'  —  This  componnd,  also  called  photgene  gojt^  has 
been  already  mentioned.  It  is  produced  by  the  direct  combination  of 
chlorine  and  carbon  monoxide  under  the  influence  of  sunshine;  but  is 
more  easily  prepared  by  passing  carbon  monoxide  int4>  boiling  antimony 
pentachlorides.    It  must  be  received  over  mercury,  as  water  decomposes  it. 

Casbon  SuLPHOCHLORiDB.f  —  Tbis  compound,  the  sulphur-analoj^e  of 
the  preceding,  is  produced,  together  with  chlorine  monosulphide,  by  the 
action  of  dry  chlorine  on  carbon  disulphide.t  or  by  passing  a  mixture  oi 
hydrogen  sulphide  and  vapor  of  carbon  tetrachloride  through  a  red-hot 
tube.  J  It  is  a  yellow  liquid  having  a  very  irritating  odor,  not  acted  upon 
by  water  or  acids,  but  decomposed  by  potash,  yielding  potassium  sulphide, 
potassium  carbonate,  and  carbon  tetrachloride.  || 

Sulphur  and  Bromine.  —  Bromine  dissolves  sulphur,  forming  a  brown- 
red  liquid  probably  containing  a  sulphur  bromide  analogous  to  sulphur 
monociiloride ;  but  it  has  not  been  obtained  pure. 

Sulphur  and  Iodine.  —  These  elements  combine  when  heated  together, 
even  under  water.  The  resulting  compound,  containing  82  parts  of  sulphur 
and  127  parts  of  iodine,^  is  a  blackish-gray  radio-crystalline  mass,  resem- 
bling native  antimony  sulphide.  It  decomposes  at  higher  temperatures, 
give;*  off  iodine  on  exposure  to  the  air,  and  is  insoluble  in  water.  By 
heating  254  parts  of  iodine  with  32  parts  of  sulphur,**  a  compound  is 
obtained  which  smells  like  iodine,  and  is  said  to  be  a  powerful  remedy  in 
skin-diseases.  A  cinnabar-red  sulphur  iodide  is  obtained,  according  to 
GroBourdi,  by  precipitating  iodine  trichloride  with  hydrogen  sulphide. 
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This  is  a  very  rare  substance,  much  resembling  sulphur  in  its  chemical 
relations,  and  found  in  association  with  that  element  in  some  few  localities, 
or  replacing  it  in  certain  metallic  combinations,  as  in  the  lead  selenide  of 
Clausthal  in  the  Ilartz. 

Selenium  is  a  reddish-brown  solid  body,  somewhat  translucent,  and  hav- 
ing an  imperfect  metallic  lustre.  Its  specific  gravity,  when  rapidly  cooled 
after  fusion,  is  4-3.  At  100°,  or  a  little  above,  it  melts,  and  boils.  It  is 
insoluble  in  water,  and  exhales,  when  heated  in  the  air,  a  peculiar  and 
disagreeable  odor,  which  has  been  compared  to  that  of  decaying  horse- 
radish :  it  is  insoluble  in  alcohol,  but  dissolves  slightly  in  carbon  bisulphide, 
from  which  solution  it  crystallizes. 

Two  oxides  of  selenium  are  known.  The  one  containing  the  smallest 
proportion  of  oxygen  is  formed  by  the  imperfect  combustion  of  selenium 
in  air  or  oxygen  gas.  It  is  a  colorless  gas  which  is  the  source  of  the  pe- 
culiar horse-radish  odor  above  mentioned.     Its  composition  is  not  known. 

The  higher  oxide,  called  telenioua  oxide^  is  produced  by  burning  selenium 

•  OOCl,.  t  CSClr 

CSa  -I-  CI4           =  CSCl,           +  8CU 

CCI4  -f.  SH,          =  2HC1            +  CSCl,. 

2C8C1,  +  8K^  =      2K^  -|-      COiK.      -|-  CCI4. 
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La  a  stream  of  oxygen  gas;  it  contains  79-6  parts,  by  weight,  of  selenium* 
antl  82  of  oxygen.  It  is  a  white  solid  substance  which  absorbs  water 
rapidly,  forming  a  hydrate,  yiz. : 

Seleniiun.    Oxygen.    Hydrogen.    Selenloos     Water. 

oxide. 

Selenioufl    acid,    or|  79.4    ^43+2      or  1114  +   18 

Hydrogen  selenite  /  '  '  ' 

This  acid,  analogous  in  composition  and  properties  to  sulphurous  acid,  is 
likewise  produced  by  dissolving  selenium  in  nitric  or  nitro-muriatic  acid. 
It  is  deposited  from  its  hot  aqueous  solution  by  slow  cooling  in  prismatic 
crystals  like  those  of  saltpetre ;  but  when  the  solution  is  evaporated  to 
dryneas,  the  selenious  acid  is  resolved  into  water  and  selenious  oxide,  which 
sublimes  at  a  higher  temperature. 

Selenious  acid  is  a  very  powerful  acid,  approximating  to  sulphuric  acid 
in  the  energy  of  its  reactions.  It  reddens  litmus,  decomposes  carbonates 
with  effbrvescence,  and  decomposes  nitrates  and  chlorides  with  aid  of  heat. 
Iti  solotion  precipitates  lead  and  silver  salts,  and  is  decomposed  by  hydro- 
gen sulphide,  yielding  a  precipitate  of  selenium  sulphide.* 

The  metallic  selenites  resemble  the  sulphites.  When  heated  with  sodium 
carbonate  in  the  inner  blowpipe  flames,  they  emit  the  characteristic  odor 
of  selenium.    They  arc  not  decomposed   by  boiling  with  hydrochloric  acid. 

SeUnie  Acid  is  a  more  highly  oxidized  acid  of  selenium,  analogous  to 
sulphuric  acid,  and  containing  79'4  parts,  by  weight,  of  selenium,  64  of 
oxygen,  and  2  of  hydrogen. f  The  corresponding  anhydrous  oxide  is  not 
kDown.  Selenic  acid  is  prepared  by  fusing  potassium  or  sodium  nitrate 
with  selenium,  precipitating  the  selcnikte  so  produced  with  a  lead  salt,  and 
then  decomposing  the  compound  with  hydrogen  sulphide.  The  acid  strongly 
resembles  oil  of  vitriol;  but,  when  very  much  concentrated,  decomposes, 
by  the  application  of  heat,  into  selenious  acid  and  oxygen.  The  selenates 
bear  the  closest  analogy  to  the  sulphates  in  almost  every  particular.  They 
are  decomposed  by  boiling  with  hydrochloric  acid,  chlorine  being  evolved 
and  a  salt  of  selenious  acid  being  produced. 

HTDRoaBN  Selbnide;  Sblenhtdric  Acid;  Sblbnettbd  Htdrooen. — 
This  substance  is  produced  by  the  action  of  dilute  sulphuric  acid  upon  po- 
tassium or  iron  selenide.  It  very  much  resembles  sulphuretted  hydrogen, 
being  a  colorless  gas,  freely  soluble  in  water,  and  decomposing  metallic 
solutions  like  that  substance :  insoluble  selenides  are  thus  produced.  This 
gas  is  said  to  act  very  powerfully  upon  the  lining  membrane  of  the  nose, 
exciting  catarrhal  symptoms,  and  destroying  the  sense  of  smell.  It  contains 
79*4  parts  selenium  and  2  parts  hydrogen.  J 
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This  element  possesses  many  of  the  characters  of  a  metal,  but  it  bears 
w>  close  a  resemblance  to  selenium,  both  in  its  physical  properties  and  its 
chemical  relations,  that  it  is  most  appropriately  placed  in  the  same  group 
with  that  body.     Tellurium  is  found  in  a  few  scarce  minerals  in  association 

•    SeOjiHa      +        28H,        =        3011,        +        SeS^ 
Selenioofl  Hydrogen  Water, 

acid.  sulphide. 

t  Soienic  acid,  Se04Ut. 

18         '  ^""^ 


Tellnrium.    OzyKen 

1.    Hydrogen. 

1*28 

+ 

8*2 

128 

+ 

48 

+ 

2 

128 

+ 

48 

128 

+ 

64 

+ 

2 
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with  gold,  siWer,  lead,  and  bismuth,  apparently  replacing  sulphar,  and  ia 
Iiiost  easily  extracted  from  the  bismuth  sulpho-telluride  of  Chemnits  id 
Hungary.  The  finely  powdered  ore  is  mixed  with  an  equal  weight  of  drj 
sodium  carbonate,  the  mixture  made  into  a  paste  with  oil,  and  heated  to 
whiteness  in  a  closely  covered  crucible.  Sodium  telluride  and  sulpbideare 
thereby  produced,  and  metftUic  bismuth  is  set  free.  The  fused  ma^s  is  dif- 
solvcd  in  water,  and  the  solution  freely  exposed  to  the  air,  when  the  sodium 
and  sulphur  oxidize  to  sodium  hydrate  and  hyposulphite,  while  the  tellu- 
rium separates  in  the  metallic  state. 

Tellurium  has  the  color  and  lustre  of  slWer :  by  fusion  and  slow  cooling 
it  may  be  made  to  exhibit  the  form  of  rhombohedral  crystals  similar  to 
those  of  antimony  and  arsenic.  It  is  brittle,  and  a  comparatively  bad  con- 
ductor of  heat  and  electricity:  it  has  a  density  of  6*26,  melts  at  a  little 
below  a  r^d-heat,  and  volatilizes  at  a  higher  temperature.  Tellurium  bums 
when  heated  in  the  air,  and  is  oxidized  by  nitric  acid. 

Tellurium  forms  two  oxides,  analogous  in  composition  to  the  oxides  of 
sulphur,  and  likewise  forming  acids  by  combination  with  water. 

Composition  by  weight.* 

Tell 

Tellurous  oxide     . 

acid 

Telluric     oxide 

acid    . 

Tellubous  Oxide  may  be  prepared  by  heating  the  precipitated  acid  to 
low  redness.  It  also  separates  in  semi-crystalline  grains  from  the  aqueous 
solution  of  the  acid  when  gently  heated;  more  abundantly  and  in  well 
defined  octohedrons  from  the  solution  of  tellurous  acid  in  nitric  acid.  It 
is  fusible  and  volatile,  slightly  soluble  in  water,  but  does  not  redden  litmus. 
When  fused  with  alkaline  hydrates  or  carbonates,  it  forms  tellurites. 

Tellubous  Aoid  is  best  obtained  by  decomposing  tellurium  tetrachloride 
with  water.  It  may  also  be  prepared  by  dissolving  tellurium  in  nitric  acid 
of  spec  gr.  1'25,  and  pouring  the  solution,  after  a  few  minnfea,  into  a 
mass  of  water.  By  either  process  it  is  obtained  ns  a  somewhat  bulky  pre- 
cipitate, which,  when  dried  over  oil  of  vitriol,  appears  as  a  light,  white, 
earthy  msss,  having  a  bitter  metallic  taste.  It  is  slightly  soluble  in  water, 
more  easily  soluble  in  alkalies  and  acids,  the  nitric  acid  solution  alone  being 
unstable.  Sulphurous  acid,  zinc,  phosphorus,  and  other  reducing  agents, 
precipitate  metallic  tellurium  from  the  acidified  solution  of  tellurous  acid. 
Like  selenious  acid,  it  is  decomposed  by  hydrogen  sulphide  and  alkaline 
sulph-hydrates.  with  formation  of  a  dnrk-brown  tellurium  sulphide,  which 
dissolves  readily  in  excess  of  alkaline  sulph-hydrate,  forming  a  sulpho- 
tellurite. 

Tellurous  acid  is  a  hydrate  in  which  the  ncid  and  bnsic  tendencies  are 
nearly  balanced;  in  other  words,  the  tellurium  of  the  compound  can  replace 
the  hydrogen  of  an  acid  to  form  tellurous  salts,  nnd  the  hydrogen  of  the 
compound  can  be  replaced  by  the  banylous  metals,  to  form  metallic  tellu- 
rites.-!-    The  tellurites  of  potassium,  sodium,  barium,  strontium,  and  cal- 

•  TfllurouB  oxide  TeOu 

acid    TeO;n,    =    ToOj|.OH«. 

Telluric    oxide  TeO, 

acid    TeO^H,    =    TeOs-OHf. 


+     Tellckitm  8\lts. 
Te(S04),    Sulphate. 
Te<N08)4  Nitrate. 
Te(C^  »4)j  Oxaliite. 
TeCli        Chloride. 


Tkli.uritcs. 
TcOslff         ITydrogen  tellurite. 
TeOsK^         Potamiiim  tellnrite 
TeOjKIT       1 1 ydrog:oi)  and  potaediim  tellurita 
(TeOa)sKll8  Trihydropotniisic  tellarite. 
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ciuRi,  are  formed  by  fusing  tellurous  oxide,  or  acid,  with  the  carbonates 
of  the  several  metals  in  the  required  proportions.  These  tellurites  are 
all  more  or  less  soluble  in  water.  The  tellurites  of  the  other  metals,  which 
are  insoluble,  are  obtained  by  precipitation. 

Tellu&ic  OxiDB  AND  AciD. — Equal  parts  of  tellurous  oxide  and  sodium 
carbonate  are  fused,  and  the  product  is  dissolved  in  water;  a  little  sodium 
hydrate  is  added,  and  a  stream  of  chlorine  passed  through  the  solution. 
The  liquid  is  next  saturated  with  ammonia,  and  mixed  with  solution  of 
barium  chloride,  by  which  a  white  insoluble  precipitate  of  barium  tellurate 
is  thrown  down.  This  is  washed  and  digested  with  a  quarter  of  its  weight 
of  sulphuric  acid,  and  diluted  with  water.  The  filtered  solution  gives,  on 
evaporation  in  the  air,  large  crystals  of  telluric  acid,  containing  water  of 
crystallization.* 

Crystallized  telluric  acid  is  freely,  although  slowly,  soluble  in  water ;  it 
has  a  metallic  taste,  and  reddens  litmus-paper.  The  crystals  give  off  their 
water  of  crystallization  at  100°,  and  the  remaining  acid,  when  strongly 
he.ited,  gives  off  more  water  and  yields  the  anhydrous  oxide,  which  is  then 
insoluble  in  water,  and  even  in  a  boiling  alkaline  liquid.  At  the  temperature 
of  ignition,  telluric  oxide  loses  oxygen,  and  passes  into  tellurous  oxide. 

The  tellurates  of  the  alkali-metals  f  arc  soluble  in  water,  and  are  prepared 
by  dissolving  the  required  quantities  of  telluric  acid  and  an  alkaline  car- 
bonate in  hot  water.  The  other  tellurates  are  insoluble,  and  are  obtained 
by  precipitation. 

Tkllubium  Sulphides-!  —  Tellurium  forms  two  sulphides,  analogous  in 
composition  to  the  oxides;  they  are  formed  by  the  action  of  hydrogen  sul- 
phide on  solutions  of  tellurous  acid  and  telluric  acid  respectively.  They 
are  brown  or  black  substances,  which  unite  with  metallic  sulphides,  forming 
salts  called  sulphotellurites  and  sulphotellurates. 

Htdroobn  Tkllvride.  —  Tellwhydric  aeid^  Hydrotellurie  acid,  or  Telluretted 
Hydrogen,  i — This  compound  is  a  gas,  resembling  sulphuretted  and  seleni- 
etted  hydrogen.  It  is  prepared  by  the  action  of  hydrochloric  acid  on  zinc 
telluride.  It  dissolves  in  water,  forming  a  colorless  liquid,  which  precipi- 
tates most  metals  from  their  solutions,  and  deposits  tellurium  gn  exposure 
to  the  air. 

Tkllubifm  Chloiiides.  II  —  Tellurium  forms  a  dichloride  and  a  tetra- 
chloride, both  volatile  and  decomposable  by  excess  of  water,  the  latter  being 
completely  resolved  into  tellurous  and  hydrochloric  acids.^  The  tetra- 
chloride unites  with  the  chlorides  of  the  alkali-metals,  to  form  crystallizable 
double  salts. 

The  bromides  and  iodides  of  tellurium  correspond  to  the  chlorides  in  prop- 
erties and  composition. 

»  Ci7Bta11lM>d  U-llnric  ncId,  Te04Ht.20Hs;  acid  dried  at  100°,  Te04Ht. 

t  NeutnU  poUtwium  tellurate        ....        TcO^Ka 

Arid TeO^KH 

Quadracld     .  TeO^KH.TeOA 

Anhydronii  qnadrl tellurate Te04K2.3Te04. 

1  TeS.  and  Ted,.  I  TeH.  B  TeCl,  and  TeCI^. 

fTeCif      4-        8H^    =    4UC1         -f        TeO,lls. 
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BOBOV. 

This  element,  the  basis  of  boric  or  boracic  acid,  is  prepared  by  beating 
the  doable  fluoride  of  boron  and  potassium  with  metallic  potassium  in 
a  small  iron  vessel,  and  washing  out  the  soluble  salts  with  water.  It  is  a  dull, 
greenish-brown  powder,  which  burns  in  the  air  when  heated,  producing 
boric  oxide.  Nitric  acid,  alkalies  in  the  fused  state,  chlorine,  and  other 
agents,  attack  it  readily. 

By  a  process  analogous  to  that  adopted  for  the  preparation  of  the  diamond 
Tariety  of  silicium,  Wohler  and  Deville  have  procured  also  the  correspond-  | 
ing  modification  of  boron.  It  crystallizes  in  square  octohedrons,  generally 
of  a  brownish  color,  possessing  very  nearly  the  hardness  and  refractive  I 
power  of  diamond.  It  is  infusible  in  the  flame  of  the  oxy-hydrogen  blow- 
pipe, but  burns  in  oxygen  at  the  same  temperature  at  which  the  diamond 
is  oxidized.     Its  specific  gravity  is  2-68. 

By  fusing  boric  oxide  with  aluminium,  Wohler  and  Deville  likewise  ob- 
tained, together  with  diamond  boron,  a  small  quantity  of  graphite-like 
substance  which  they  at  first  regarded  as  a  graphitoidnl  modification  of 
boron;  but  by  more  recent  experiments,  they  have  found  that  it  is  a  com- 
pound of  boron  with  aluminium.  This  compound  is  obtained  in  larger 
quantity  by  passing  the  vapor  of  boric  chloride  over  fused  aluminium.  It 
crystallizes  in  thin  opaque  six-sided  plates,  having  a  pale  copper-color,  and 
perfect  metallic  lustre. 

Boric  Oxide  and  Acid.* — There  is  but  one  oxide  of  boron,  namely, 
boric  oxide,  containing  11  parts  of  boron  and  48  of  oxygen.  It  unites 
with  water  and  metallic  oxides,  forming  boric  acid  and  met-allic  borates. 

Boric  or  Boracic  Acid^  or  Hydrogen  Borate^  contains  11  parts  boron,  48 
oxygen,  and  8  hydrogen,  or  70  parts  boric  olcide,  and  54  water.  It  is  found 
in  solution  in  the  water  of  the  hot  volcanic  lagoons  of  Tuscany,  whence  a 
large  supply  is  at  present  derived.  It  is  also  easily  made  by  decomposing 
with  sulphuric  acid  a  hot  solution  of  borax,  a  salt  brought  from  the  East 
Indies,  consisting  of  jsodium  borate. 

Boric  acid  crystallizes  in  transparent  colorless  plates,  soluble  in  about  25 
parts  of  cold  water,  and  in  a  much  smaller  quantity  at  the  boiling  heat: 
the  acid  has  but  little  taste,  and  feebly  affects  vegetable  colors.  When 
heated,  it  loses  water,  and  melts  to  a  glassy  transparent  mass  of  anhydrous 
boric  oxide,  which  dissolves  many  metallic  oxides  with  great  ease.  The 
crystals  dissolve  in  alcohol,  and  the  solution  burns  with  a  green  flame. 

Glassy  boric  oxide,  in  a  state  of  fusion  requires  for  its  dissipation  in 
vapor  a  very  intense  and  long-continued  hent ;  the  aqueous  solution  cannot, 
however,  be  evaporated  without  very  appreciable  los!<  by  volatilization: 
hence  it  is  probable  that  the  acid  is  far  more  volatile  than  the  anhydrous 
oxide. 

By  heating  in  a  glass  flask  or  retort,  1  part  of  vitrified  boric  oxide,  2  of 
fluor-spar,  and  12  of  oil  of  vitriol,  a  gaseous  baron  fluoridef  may  be  obtained, 
and  received  in  glass  jars  standing  over  mercury.  It  is  a  transparent  gas, 
easily  soluble  in  water,  and  very  heavy ;  it  forms  a  dense  fume  in  the  air,  like 
the  fluoride  of  silicium. 

BoBON  Nitride.  J  —  This  compound,  containing  11  parts  of  boron  and  14 
of  nitrogen,  is  produced  by  heating  boric  oxide  with  metallic  cyanides,  or 

*  Boric  oxide,  BjO,.    Boric  acid,  B«Os,  SUA  or  BO»Ha. 
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by  heating  to  bright  redness  a  mixture  of  sal-ammoniao  and  pure  anhy- 
drous borax.*  It  is  a  white  amorphous  powder,  insoluble  in  water,  infu8« 
ible  and  non-Tolatile.  When  heated  in  a  current  of  steam,  it  yields  nranionia 
and  boric  oxide,f  and  likewise  gives  off  a  large  quantity  of  ammonia  when 
fused  with  potash. 

Boron  O/UorideX  was  formerly  believed  to  be  a  permanent  gas :  recent  re- 
searches have  proved  that  it  is  a  liquid,  boiling  at  17",  decomposed  by 
water,  with  production  of  boric  and  hydrochloric  acids,  and  fuming  strongly 
in  the  air.  I^may  be  most  easily  obtained  hy  exposing  to  the  action  of 
dry  chlorine  at  a  very  high  temperature  an  intimate  mixture  of  glassy 
boric  oxide  and  charcoal.  It  resembles  in  constitution  the  lower  chloride 
of  phosphorus. 

There  is  also  a  Boron  bromide  {  of  similar  constitution. 


Sitieiam,  Bometimes  called  silicon,  in  union  with  oxygen  constituting 
silica,  or  the  earth  of  flints,  is  a  very  abundant  substance,  and  one  of  great 
importance.  It  enters  largely  into  the  composition  of  many  of  the  rocks 
and  mineral  masses  of  which  the  surface  of  the  earth  is  composed.  The 
following  process  yields  silicium  most  readily.  The  double  fluoride  of  si- 
lieiam  and  potassium  is  heated  in  a  glass  tube  with  nearly  its  own  weight 
of  metallic  potassium;  violent  reaction  ensues,  and  silicium  is  set  free. 
When  cold,  the  contents  of  the  tube  are  put  into  cold  water,  which  removes 
the  saline  matter  and  any  residual  potassium,  and  leaves  the  silicium  un- 
touched. So  prepared,  silicium  is  a  dark-brown  powder,  destitute  of  lustre. 
Heated  in  the  air,  it  burns,  and  becomes  superficially  converted  into  silica. 
It  is  also  acted  upon  by  sulphur  and  by  chlorine.  When  silicium  is  strongly 
heated  in  a  covered  crucible,  its  properties  are  greatly  changed ;  it  becomes 
darker  in  color,  denser,  and  incombustible,  refusing  to  burn  even  when 
heated  by  the  flame  of  the  oxy-hydrogen  blowpipe. 

.According  to  recent  researches  by  Wohler  and  Deville,  silicium,  like 
carbon,  is  capable  of  existing  in  three  different  modifications.  The  modi- 
fication above  mentioned  corresponds  to  the  amorphous  variety  of  carbon 
(lampblack).  The  researches  just  quoted  have  established  the  existence  of 
modifications  corresponding  to  the  diamond,  and  to  the  graphite  variety 
of  carbon.  The  diamond  modification  of  silicium  is  most  readily  obtained 
by  introducing  into  a  red-hot  crucible  a  mixture  of  8  parts  of  potassium 
Mlico-flttoride,  1  part  of  sodium  in  small  fragments,  and  1  part  of  granu- 
lated zinc,  and  heating  to  perfect  fusion.  On  slowly  cooling,  there  is 
formed  a  button  of  xinc,  covered  and  interspersed  with  needle-shaped 
crystals  consisting  of  octohedrons,  joined  in  the  direction  of  the  axis.  This 
ciystallized  silicium,  which  may  be  readily  freed  from  fine  by  treatment 
with  acids,  resembles  crystallized  haematite  in  color  and  appearance:  it 
scratches  glass,  and  fuses  at  a  temperature  approaching  the  melting-point 

•      Nju02B^s      +       2NH4CI       =     2BN      +      BsOj     +      2Naa     +      40H| 
Aiih.y<lrr»ufi  Ammonium         Boron  Boric  S<xiium  Water, 

■odioni  iMntte.  chloriilo.  nitride.  oxide.  chloride. 

t         2BN  -f-        30H.  =  2NII3  +  BaOa 

Boron  nitride.  Water.  Ammonia.  Boric  oxide. 

X  BCl,.  2  BBr» 
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or  CBBt  iron.  The  graphite  modifionlion  of  BiUcium  U  prepared  bj  fnaing. 
in  B  Hessian  crucible,  5  p-irta  of  soluble  glass  (potassium  silicate),  10  part; 
of  cryolite  (sodium  nnil  aluminium  fliioiiJe],  wtib  1  part  of  aluminium. 
On  Ireating  the  resulting  bulion  of  aluminium  wilb  hydrnobloric  acid.  Ibc 
ailicium  remnina  in  tbe  form  of  scaly  crystaU,  reiiembliag  graphite,  hut  of 
■omcwhat  brighter  color,  scratching  glass,  like  the  previous  modification. 
It  is  iafusible.     Its  specific  gravity  is  lift. 

13B,  Silica,  or  Silicic  Oxiub,  — This  1b  the  only  known  oxide; 

it  contains  2H  paria  silicium  and  32  parts  oxygen.*  Color- 
less transparent  rock-crystal  conaisls  of  silica  very  nearly 
in  n  state  of  purity;  common  quarti,  agate,  chalcedonr, 
flint,  and  several  other  minerals,  are  also  chiefly  composed 
of  this  substance. 

Tlio  experiment  about  to  be  described  furnishes  silica  in  a 
state  of  cample  tepurily,  and  at  the  same  time  eihihils  one  of 
the  moat  remarkable  properties  of  silicium  —  namely,  ili  al- 
trad  ion  for  fluorine.  A  mixture  is  made  of  equal  parts  fluor- 
spar and  glass,  both  finely  pondered  and  introduced  into  a 
glass  flask,  with  a  quantity  of  oil  of  vitriol.  A  tolerably 
vide  bent  tube,  fitted  to  the  flask  by  a  cork,  passes  to  the 
boltnm  of  a  glass  jar,  into  which  enough  mercury  is  ponrrd 
tooover  Ibe  extremity  of  the  tube.  The  jar  is  then  half  filled  with  water, 
and  beat  is  applied  to  the  flask. 

The  first  effect  ia  the  disengagement  of  bydrofluorio  acid;  Ibis  anb- 
stnnce,  however,  finding  itself  in  conlnct  with  the  silica  of  the  powdered 
frlass,  undergueadeoonipoaition,  water  and  siliciuut  fluoride  being  produced. 
Thelatter  is  n  permanent  gas,  which  e^caiies  from  the  flask  by  the  ^eni  lulie. 
By  contact  with  a  large  quantity  of  water,  it  is  in  turn  decomposed,  yield- 
ing silica,  which  separates  in  a  beautiful  gelatinous  condition,  and  an  acid 
liquid,  which  is  a  double  silicium  and  hydrogen  fluoride,  commonly  called 
bydrofluosilicio  or  silicofluoric  acid  j-  The  silica  may  ba  collected  on  a 
cloth  filter,  well  washed,  dried,  and  heated  to  redness  to  expel  water. 

The  acid  liquid  is  kept  as  a  lest  for  barium  and  potassium,  with  which 
it  forms  nearly  insoluble  precipitates,  the  double  fluoride  of  silicium  and 
potassium  being  used,  as  was  slated,  in  the  preparation  of  silicium.  Sili- 
cium fluoride,  instead  of  being  condensed  into  water,  may  be  collected  over 
mercury :  it  is  a  permanent  gas,  desiilule  of  color,  and  lerj  heavy.  Ad- 
mitted into  Ihe  air,  it  condenses  the  moisture  of  the  latter,  givinp;  rise  to  a 
thick  while  cloud.  It  is  important  in  the  experiment  above  described  to 
keep  the  end  of  Ibe  delivery-tube  from  touching  the  water  of  Ihe  Jar,  other- 
wise it  almost  instantly  becomes  stopped :  the  mercury  effects  this  object. 

Pure  silica  may  also  be  prepared  by  another  method,  which  is  very  in- 
structive, inasmuch  as  it  is  the  basis  of  the  proceeding  adopted  in  theana- 
lysis  of  all  siliceous  minerals.  Powdered  rock-cryatat  or  fine  sand  is 
mixed  with  about  three  limes  its  wnight  of  dry  sodium  carbonate,  and  the 
mixture  fiised  in  a  platinum  crucible.  When  cold,  the  glasiiy  mass  is  boiled 
with  water,  by  which  it  is  softened  and  almost  entirely  dissolved.  An  ei- 
eest  of  hydrochloric  acid  is  then  added  to  tbe  filtered  liquid,  and  the  whola 
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eTAporated  to  complete  dryness.  By  this  treatment  the  gelatinous  silica 
(brown  down  by  the  aoid  becomes  completely  insoluble,  and  remains  behind 
when  the  dry  saline  mass  is  treated  with  acidulated  water,  by  which  the 
alkaline  salts,  alumina,  ferric  oxide,  lime,  and  many  other  bodies  which 
may  happen  to  be  present,  are  remored.  The  silica  is  washed,  dried,  and 
heated  to  redness. 

The  most  prominent  characters  of  silica  are  the  following :  it  is  a  Tery 
fine,  white,  tasteless  powder,  having  a  density  of  about  2*66,  fusible  only 
by  the  oxy-hydrogen  blowpipe.  When  once  dried,  silica  is  not  sensibly 
solable  in  water  or  dilute  acids  (with  the  exception  of  hydrofluoric  acid). 
Bui  on  adding  hydrochloric  acid  to  a  very  dilute  solution  of  potassium  sili- 
cate, the  liberated  silica  remains  in  solution.  From  this  mixed  solution  of 
silica  and  potassium  chloride,  the  latter  may  be  separated  by  diffusion 
(comp.  p.  149),  whereby  a  moderately  concentrated  solution  of  silica  in 
water  is  obtained.  This  solution  has  a  distinctly  acid  reaction:  it  presents, 
howeTer,  but  little  stability.  When  kept  for  some  time,  it  gelatiniies,  the 
silica  separating  in  the  insoluble  modification.  The  same  effect  is  produced 
by  the  addition  of  a  few  drops  of  sulphuric  or  nitric  acid,  or  of  a  solution 
of  salt. 

Silica  is  essentially  an  aoid  oxide,  forming  snlts  with  basic  metalllo 
oxides,  and  decomposing  all  salts  of  Tolatile  acids  when  heated  with  them. 
In  strong  alkaline  liquids  it  is  freely  soluble.  When  heated  with  bases, 
especially  those  which  are  capable  of  undergoing  fusion,  it  unites  with 
them  and  forms  salts,  which  are  sometimes  soluble  in  water,  as  in  the  case 
of  the  potassium  and  sodium  silicates,  when  the  proportion  of  base  is  con- 
siderable. Common  glass  U  a  mixture  of  several  silicates,  in  which  the 
reverse  of  this  happens,  the  silica  being  in  excess.  Even  glass,  however, 
is  slowly  acted  upon  by  water. 

Finely  divided  silica  is  highly  useful  in  the  mani2ifaoture  of  porcelain. 

SiLiciVM  Hydride,  or  Silioated  Hydrogen,  was  discovered  by  Buff  and 
Wdhler,  who  obtained  this  gas  by  passing  an  electric  current  through  a 
solution  of  sodium  chloride,  the  positive  pole  employed  consisting  of  alu- 
minium containing  silioium.  More  recently  Wdhler  and  Martins  produced 
this  gas  by  treating  magnesium  containing  bilicium  with  hydrochloric  acid. 
Both  methods  yield  silicium  hydride  mixed  with  free  hydrogen.  Friedel 
and  Ladenburg,  however,  by  a  process  which  will  be  described  further  on, 
have  obtained  it  pure,  and  shown  that  it  consists  of  28  parts  by  weight  of 
silicium  and  4  part.s  of  hydrogen.*  Silicium  hydride  is  a  colorless  gas.  In 
the  impure  state,  as  obtained  by  the  two  processes  above  given,  it  takes 
fire  spontaneously  on  coming  in  contact  with  the  air,  and  burns  with  a 
white  flame  evolving  clouds  of  silica.  Pure  silicium  hydride,  however,  does 
not  ignite  spontaneously  under  the  ordinary  atmospheric  pressure ;  but  on 
passing  a  bubble  of  air  into  the  rarefied  gns  standing  over  mercury,  it  takes 
fire,  and  yields  a  deposit  of  amorphous  silicium  mixed  with  silica.  On 
passing  silicium  hydride  through  a  red-hot  tube,  it  is  decomposed,  silicium 
being  deposited. 

Compounds  of  Silicium  and  Chlorine.  —  Silicium  unites  directly  with 
chlorine,  forming  a  tetrachloride. f  This  compound  is  obtained  by  mixing 
finely  divided  silica  with  charcoal  powder  and  oil,  strongly  heating  the 
mixture  in  a  covered  crucible,  and  then  exposing  the  mass  so  obtained  in  a 
porcelain  tube  heated  to  full  redness,  to  the  action  of  perfectly  dry  chlorine 
gas.  A  good  condensing  arrangement,  supplied  with  ice-cold  water,  must 
be  connected  with  the  porcelain  tube.  The  product  is  a  colorless  and  very 
Tolatile  liquid,  boiling  at  50°,  of  pungent,  suffocating  odor.     In  coataot 
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with  naler,  it  jields  bydroclilorio  acid  aod  gelatinauB  silica.  Thi«  snb- 
Slunc«  coDlikinB  26  pans  siliciUDi  and  142  chlorine. 

Wlien  hydrochloric  acid  gns  ia  passed  over  crystalliied  silicium,  he&tnl 
to  a  temperature  below  redaess,  a  very  volaiile  JDflBQimabte  liquid  is  ob- 
tained, which,  when  purified  b;  distill  nation,  has  the  compoBition  of  lilitam 
hydrolrichloTide*  containing  'l^  partB  siliciun].  1  bjdrogen,  and  lOC-5 
chlorine.  This  compound  is  decomposed  by  water,  forming  a  while  oiy- 
gennted  body,  probably  liliciiim  /iydralrioxidf,\  which  by  prolonged  contact 
with  water  is  further  decomposed,  with  evolution  of  hydrogen  and  forma- 
tion of  silica. 

A  mixture  of  silicium  hydrolrichloride  and  bromine,  heated  to  100°  in  a 
flloacd  vessel,  becomeB  dark-colored,  and  is  cooTcrted  into  the  iroinolri- 
chloride.  J 

Silicium  telrttbn>mide,\  obtained  like  the  tetrachloride,  resembles  that 
ind,  but  is  less  volatile. 


PHUPHOBUS. 


PhoBphorui  in  the  slate  of  phosphoric  acid  is  contained  in  the  ancient 
nnstratified  rocks,  and  in  (he  lavas  of  modem  origin.  As  these  disintegnla 
and  crumble  down  into  fertile  soil,  the  phosphates  pass  into  the  organism 
of  plants,  and  ultimately  into  the  bodies  of  the  an:niala  to  which  Ihese 
latter  serve  for  food.  The  earthy  phosphates  play  a  very  important  part 
in  the  structnre  of  the  animal  frame,  by  commuaicaling  stifTness  and  in- 
flexibility to  the  bony  skeleton. 

Phosphorus  was  discovered  in  1669  by  Brandt,  of  Hamburg,  who  pre- 
pared it  from  urine.  The  following  is  an  outline  of  the  process  now 
adopted.  Thoroughly  calcined  bonea  are  reduced  to  powder,  and  mixed 
with  two  thirds  of  their  weight  of  sulphuric  acid  diluted  with  a  CDnaiderabls 
quantity  of  water:  this  miilure,  after  Blanding  some  hours,  is  fill«red.and 
the  nearly  insoluble  calcium  sulphate  is  washed. 
^•B- 1*0-  The  liquid  ia  then  evaporated  to  a  syrupy  con- 

sistence, miied  with  charcoal  powder,  and  (he 
desiccation  completed  in  an  iron  vessel  exposed 
to  a  high  tempetalure.  When  quite  dry,  it  is 
transferred  to  a  stoneware  retort,  to  which  a 
wide,  bent  lube  is  luled,  dipping  a  little  way 
into  the  water  contained  in  the  receiver.  A 
narrow  tube  serves  to  give  issue  to  the  gases, 
which  are  conveyed  to  a  chimney.  This  manu- 
facture is  DOW  conducted  on  a  very  large  scale, 
the  consumption  of  pliosphorus,  for  the  appar- 
ently triSiag  article  of  inaianlaneous-light 
matches,  being  something  prodigious. 

Phosphorus,  when  pure,  very  much  resembles 
in  appearnnce  imperfectly  bleached  wai,  and  is 
soft  and  deiible  at  common  temperatures.  Its 
density  is  1'77,  and  that  of  its  vapor  4-a-i,  air  being  unity,  or  62  referred 
lo  hydrogen  as  unity.  Itmcllsat  ii"  (111"  F.).  and  boils  at  280°  (SSti"  F.). 
On  slowly  cooling  molted  phosphorus,  well  formed  dodecahedrons  are  some- 
Umes  obtained.     It  ia  insoluble  in  water,  and  is  usually  kept  ii 
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thai  liquid,  but  dissoWes  in  oils,  in  natiye  naphtha,  and  especially  in  car- 
bon bisulphide,  ^hen  set  on  fire  in  the  air,  it  burns  with  a  bright  flame, 
generaiiug  phosphoric  oxide.  Phosphorus  is  exceedingly  inflammable;  it 
{sometimes  takes  fire  by  the  heat  of  the  hand,  and  demands  great  care  in 
it5  management;  a  blow  or  hard  rub  will  very  often  kindle  it.  A  stick  of 
pho.^p!iorus  held  in  the  air  always  appears  to  emit  a  whitish  smoke,  which 
iD  the  d;&rk  is  luminous.  This  effect  is  chiefly  due  to  a  slow  combustion 
which  the  phosphorus  undergoes  by  the  oxygen  of  the  air,  and  upon  it 
depends  one  of  the  methods  employed  for  the  analysis  of  air,  as  already 
described.  It  is  singular  that  the  slow  oxidation  of  phosphorus  may  be 
entirely  preyented  by  the  presence  of  a  small  quantity  of  defiant  gas,  or 
the  Tapor  of  ether,  or  some  essential  oil ;  phosphorus  may  eyen  be  distilled 
in  an  atmosphere  containing  vapor  of  oil  of  turpentine  in  considerable 
quantity.  Neither  does  the  action  go  on  in  pure  oxygen — at  least,  at  the 
temperature  of  15*5**  (60°  F.),  which  is  very  remarkable;  but  if  the  gas 
be  rarefied,  or  diluted  with  nitrogen,  hydrogen,  or  carbonic  acid,  oxidation 
is  set  up. 

A  very  remarkable  modification  of  this  element  is  known  by  the  name  of 
amorpkoua  phosphonu.  It  was  discovered  by  Schrotter,  and  may  be  made 
by  exposing  common  phosphorus  for  fifty  hours  to  a  temperature  of  from 
2i(y  to  250^,  (464°-482  F**.),  in  an  atmosphere  which  is  unable  to  act  chem- 
ically upon  it.  At  this  temperature  it  becomes  red  and  opaque,  and  insol- 
uble in  carbon  bisulphide,  whereby  it  may  be  separated  from  ordinary 
phosphorus.  It  may  be  obtained  in  compact  masses  when  common  phos- 
phorus is  kept  for  eight  days  at  a  constant  high  temperature.  It  is  a  coher- 
ent, reddish-brown,  infusible  substance,  of  specific  gravity  between  2*089 
and  2*106.  It  does  not  become  luminous  in  the  dark  until  its  temperature 
is  raised  to  about  200°,  nor  has  it  any  tendency  to  combine  with  the  oxygen 
of  the  air.  When  heated  to  260°  (500°  F.),  it  is  reconverted  into  ordinary 
phosphorus. 

Compounds  of  Pho9pkortu  and  Oxygen. 

When  phosphorus  is  melted  beneath  the  surface  of  hot  water,  and  a 
stream  of  oxygen  gas  forced  upon  it  from  a  bladder,  combustion  ensues, 
and  the  phosphorus  is  converted  in  great  part  into  a  brick-red  powder, 
which  was  formerly  believed  to  be  a  peculiar  oxide  of  phosphorus;  but 
Schrotter  has  shown  that  it  is  a  mixture,  consisting  chiefly  of  amorphous 
phosphorus. 

There  are  two  definite  oxides  of  phosphorus,  in  which  the  quantities  of 
oxygen  united  with  the  same  quantity  of  phosphorus  are  to  one  another  as 
3  to  by*  vix. : 

Composition  by  weight. 
<  *  \ 

Pho«phoni8.     Oxygen. 

Phosphorus  Trioxide,  or  Phosphorous  oxide  62    -|-     48 

Phosphorus  Pentoxide,  or  Phosphoric  oxide  62     4*     ^ 

Both  these  are  acid  oxides,  uniting  with  water  and  metallic  oxides  to 
form  salts,  called  phofphitet  tkud phosphates  respectively;  the  hydrogen  salts 
being  also  called  phosphorous  and  phosphoric  acid.  There  is  also  another 
oxygen-acid  of  phosphorus,  containing  a  smaller  proportion  of  oxygen, 
called  hypophosphorous  acidy  to  which  there  is  no  corresponding  anhydrous 
oxide. 

Uypophosphorous  Acid.\ — When  phosphorus  is  boiled  with  a  solution  of 

*  la  symbols:— > 

PhosphoronH  oxide      ....        PjO^ 
Phosphoric  oxide PjO^. 

t  Hypophosphorons  acid  PO3II3. 
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potash  or  barytn,  water  is  decomposed,  giving  rise  to  phosphoretted  hy- 
drogen, phosphoric  acid,  and  hypophosphorous  acid;  the  first  escapes  as 
gas,  and  the  two  acids  remain  as  barium  salts.*  By  filtration  the  soluble 
hypophosphite  is  separated  from  the  insoluble  phosphate.  On  adding  to 
the  liquid  the  quantity  of  sulphuric  acid  necessary  to  precipitate  the  base, 
the  hypophosphorous  acid  is  obtained  in  solution.  By  evaporation  it  may 
be  reduced  to  a  syrupy  consistence.  The  acid  is  very  prone  to  absorb  more 
oxygen,  and  is  therefore  a  powerful  deoxidizing  agent.  All  its  salts  are 
soluble  in  water. 

Phosphobous  Oxidk  is  formed  by  the  slow  combustion  of  phosphorus  in 
the  atmosphere ;  or  by  burning  that  substance  by  means  of  a  very  limited 
supply  of  dry  air,  in  which  case  it  is  anhydrous,  and  presents  the  aspect 
of  a  white  powder.  Phosphoroiu  acid  is  most  conveniently  prepared  by 
adding  water  to  the  trichloride  of  phosphorus,  when  mutual  decomposition 
takes  place,  the  oxygen  of  the  water  being  transferred  to  the  phosphorus, 
generating  phosphorous  acid,  and  its  hydrogen  to  the  chlorine,  giving  rise  to 
hydrochloric  acid.f  By  evaporating  the  solution  to  the  consistence  of  syrup, 
the  hydrochloric  acid  is  expelled,  and  the  residue,  on  cooling,  crystaUizes. 

Phosphorous  acid  is  very  deliquescent  and  very  prone  to  attract  oxygen 
and  pass  into  phosphoric  acid.  When  heated  in  a  close  vessel,  it  is  resolved 
into  phosphoric  acid  and  pure  phosphoretted  hydrogen  gas.  It  is  composed 
of  110  parts  of  phosphorous  oxide  and  54  parts  of  water,  or,  31  phosphorus, 
48  oxygen,  and  8  hydrogen.  J 

The  phosphites  are  of  little  importance. 

Phosphobic  Oxide  (also  called  Anhydrotu  Phosphoric  Acid,  or  Phosphoric 
Anhydride).  — When  phosphorus  is  burned  under  a  bell-jar  by  the  aid  of  a 
copious  supply  of  dry  air,  snow-like  phosphoric  oxide  is  produced  in  great 
quantity.  This  substance  exhibits  as  much  attraction  for  water  as  sulphuric 
oxide :  exposed  to  the  air  for  a  few  moments,  it  deliquesces  to  a  liquid,  and 
when  thrown  into  water,  combines  with  the  latter  with  explosive  violence. 
The  water  then  taken  up  cannot  again  be  separated. 

When  nitric  acid  of  moderate  strength  is  heated  in  a  retort  with  which 
a  receiver  is  connected,  and  fragments  of  phosphorus  are  added  singly, 
taking  care  to  suffer  the  violence  of  the  action  to  subside  between  each 
addition,  the  phosphorus  is  oxidized  to  its  maximum,  and  converted  into 
phosphoric  acid.  By  distilling  off  the  greater  part  of  the  acid,  transferring 
the  residue  in  the  retort  to  a  platinum  vessel,  and  then  cautiously  raising 
the  heat  to  redness,  the  acid  may  be  obtained  pure.  This  is  the  ylaexal 
phosphoric  acid  of  the  Pharmacopoeia. 

A  third  method  consists  in  taking  the  acid  calcium  phosphate  produced 
by  the  action  of  sulphuric  acid  on  bone-earth,  precipitating  it  with  a  slight 
excess  of  ammonia  carbonate,  separating  by  a  filter  the  insoluble  calcium- 
salt,  and  then  evaporating  and  iguiting  in  a  platinum  vessel  the  mixed 
phoMphate  and  sulphate  of  ammonia.  Phosphoric  acid  alone  remains 
behind.  The  acid  thus  obtained  is  not  remarkable  for  its  purity.  One  of 
the  most  advantageous  methods  of  preparing  phosphoric  acid  on  the  large 
scale  in  a  state  of  purity  is  to  burn  phosphorus  in  a  stream  of  dry  atmos- 
pheric air,  by  the  aid  of  a  proper  apparatus,  not  difficult  to  contrive,  in 
which  the  process  may  be  carried  on  continuously.     The  phosphoric  oxide 

•  P,        +        .'^BalljOs        +        «naO        =        3RaH4(POs),        -|-        2PH, 

Phoephonu.         Biirium  Water.  Barium  Hydrogpn 

hydn»te.  .    hydrophoBphite.         phospbida. 

t        PCIg  +         30H,        =        PO,H,        +        3HC1 

PhoAphoriu  Wftter.  Phosphoroua     Hydmchloric 

tricliloride.  acid.  acid. 

X  PiQa.30If,        =        iVOfU^ 
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obtained  mny  be  preserreil  in  that  state,  or  converted  into  hydrate  or 
glacial  acid,  by  the  addition  of  water  and  subsequent  fuHiuu  iu  a  platinum 
TesseL  The  gl.icial  phosphoric  acid  is  excee«liugly  deliquescent,  and  re- 
quires to  be  kept  iu  a  clo:«ely  stopped  bottle.  It  contains  14:i  parts  of  phos- 
phoric oxide  and  18  parts  of  water,  or  81  phosphorus,  48  oxygen,  and  1 
hydrogen  ♦ 

Phosphoric  oxide  is  readily  Tolatilized,  and  may  be  sublimed  by  the 
heat  of  an  ordinary  spirit-lamp.  The  acid  may  be  fused  in  a  platinum 
crucible  at  a  red  heat;  at  this  temperature,  it  evolTes  considerable  quan- 
tities of  vapor,  but  is  still  far  from  its  boiling-point.  Phosphoric  acid  is  a 
very  powerful  acid:  being  less  volatile  than  sulphuric  acid,  it  expels  the 
latter  at  higher  temperatures,  although  it  is  displaced  by  sulphuric  acid 
at  the  common  temperature.  Its  solution  has  an  intensely  sour  taste,  and 
reddens  l.tmus-paper;  it  is  not  poisonous. 

The  best  reagent  for  the  detection  of  phosphoric  acid  is  molybdate  of 
ammonia.  A  solution  of  this  salt  is  treated  with  hydrochloric  or  nitric 
acid  until  the  precipitate  at  first  formed  is  redlssolved.  A  very  small 
quantity  of  the  liquid  to  be  tested  for  phosphoric  acid  is  then  added  to 
this  solution.  If  phosphoric  acid  be  present,  the  liquid  becomes  yellow, 
and  a  yellow  deposit,  consisting  of  molybdic  acid,  phosphoric  acid,  and 
ammonia,  is  formed,  even  if  the  quantity  of  phosphoric  acid  be  very  small. 

There  are  few  bodies  that  present  a  greater  degree  of  interest  to  the 
chemist  than  this  substance :  the  changes  its  compounds  undergo  by  the 
action  of  heat,  chiefly  made  known  to  us  by  the  admirable  researches  of 
Professor  Graham,  will  be  described  in  connection  with  the  general  his- 
tory of  saline  compounds. 

Compound*  of  Photphorua  and  Hydrogen, 

Phosphorus  Trxhtdbidk. — Puosphinb. — Phosfhorbttsd  Htdbookn. 
This  body  is  analogous  in  some  of  its  chemical  relations  to  ammoniacal 
gas;  its  alkaline  properties  are,  however,  much  weaker. 

It  may  be  obtained  in  a  state  of  purity  by  heating  phosphorous  acid  in  a 
small  retort,  the  acid  being  then  resolved  into  phosphoretted  hydro^cD 
and  phosphoric  acid.f 

Thus  obtained,  the  gas  has  a  density  of  1*24.  It  contains  31  parts  phos- 
phorus and  8  parts  hydrogen,  and  is  so  constituted  that  every  two  volumes 
contain  3  volumes  of  hydrogen  and  half  a  volume  of  phosphorus  vapor, 
condensed  into  two  volumes.  It  possesses  a  highly  disagreeable  odor  of 
garlic,  is  slightly  soluble  in  water,  and  burns  with  a  brilliant  white  flame, 
forming  water  and  phosphoric  acid. 

Phosphoretted  hydrogen  may  also  be  produced  by  boiling  together,  in  a 
retort  of  small  dimensions,  caustic  potash  or  slaked  lime,  water,  and  phos- 
phorus: the  vessel  should  be  filled  to  the  neck,  and  the  extremity  of  the 
latter  made  to  dip  into  the  water  of  the  pneumatic  trough.  In  the  reaction 
which  ensues,  the  water  is  decomposed,  and  both  its  elements  combine 
with  the  phosphorus. 

«.  .  f  Hydrogen m  Phosphoretted  hydrogen. 

water    .     \oxygen 

Phosphorus 
Phosphorus 
Lime       ^'  '  Calcium  hypophosphite.^ 

•  PA^H^       =       2P(>,H. 

t      4P0,H,        =:        PH,       -f.        3P04n3 
Ptifoephim>iu        Phoaphlne.        Pbosphoric 
•ctd.  Acid. 

X  P|       +       SCaHA       +       80H,       =       2PH3       +       SPAOaHf 

PbMphomft.  Cilciiim  WAt«r.  Phosphine.  OHlcium  hypo* 

hytlrNte.  pho«phlte. 
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The  phosphorctted  hydrogen  prepared  by  the  latter  process  baa  the  sin- 
gular property  of  spontaneous  intlammabiiity  when  admitted  into   the  air 
or  into  oxygen  gas;  with  the  latter,  the  experiment  is  yery  beautiful,  but 
requires  caution:  the  bubbles  should  be  admitted  singly.     When  kept  oTer 
water  for  some  time,  the  gas  loses  this  property,  without  otherwise  suffer- 
ing any  appreciable  change;  but  if  dried  by  calcium  chloride,  it   niaj  be 
kept  unaltered  for  a  much  longer  time.     M.  Paul  Th^nard  has  sbo'vrxi  that 
the  spontaneous  combustibility  of  the  ga^  arises  from  the  presence  of  the 
yapor  of  a  liquid  hydrogen  phosphide,  which  can  be  procured  in    small 
quantity,  by  conyeying  the  gas  produced  by  the  action  of  water  on  calcium 
phosphide  through  a  tube  cooled  by  a  freezing  mixture.     This  substanee 
forms  a  colorless  liquid  of  high  refractiye  j^ower  and  very  great  Tolatilii  j. 
It  does  not  freeze  at — 17 '8®  (0°  F.)   In  contapt  with  air,  it  inflames  instantly, 
and  its  vapor  in  very  small  quantity  commupicates  spontaneous  inflaxnina- 
bility  to  pure  phosphoretted  hydrogen,  and  to  all  other  combustible  grases. 
It  is  decomposed  by  light  into  gaseous  phpsphoretted  hydrogen,  and   a 
solid  phosphide  which  is  often  seen  on  the  ioside  of  Jars  containing  gtts 
which,  by  exposure  to  light,  has  lost  the  property  of  spontaneous  inflam- 
mation.    Strong  acids  occasion  its  instantaneous  decomposition.     It  is  as 
unstable  as  hydrogen  dioxide.     It  is  to  be  observed  that  the  pure  phospho- 
retted hydrogen  gas  itself  becomes  spontaneously  inflammable  if  heated  to 
the  temperature  of  boiling  water.* 

Phosphoretted  hydrogen  decomposes  several  metallic  solutions,  fixing 
rise  to  precipitates  of  insoluble  phosphides.  With  hydriodic  acid  it  forms 
a  crystalline  compound  somewhat  resembling  sal-ammoniac. 

Compounds  of  Photphortu  teiih  Chlorine. 

Phosphorus  forms  two  chlorides,  analogous  in  eomposition  to  the  oxides, 
the  quantities  of  chlorine  combined  with  the  same  quantity  of  phosphorus 
being  to  one  another  in  the  proportion  of  3  to  6. 

Phosphobus  Tbtchloride,  or  Phosphorous  Chloride,!  is  prepared  in 
the  same  manner  as  sulphur  bichloride,  by  gently  heating  phosphorus  in 
dry  chlorine  gas,  the  phosphorus  being  in  excess ;  or  by  passing  the  vapor 
of  phosphorus  over  fragments  of  calomel  (mercurous  chloride)  contained 
in  a  glass  tube,  and  strongly  heated.  It  is  a  colorless,  thin  liquid,  which 
fumes  in  the  air,  and  has  a  powerful  and  offensive  odor.  Its  specific  gravity 
is  1.45.  Thrown  into  water,  it  sinks  to  the  bottom  of  that  liquid,  and  is 
slowly  decomposed,  yielding  phosphorous  acid  and  hydrochloric  acid.  J  It 
contains  81  parts  phosphorus  and  106 -5  parts  chlorine. 

Phosphorus  Pentachloridk,  or  Phosphoric  Chloride,}  is  formed  when 
phosphorus  is  burned  in  excess  of  chlorine.  Pieces  of  phosphorus  are  in- 
troduced into  a  large  tubulated  retort,  which  is  then  filled  with  dry  chlorine 
gas.  The  phosphorus  takes  fire,  and  burns  with  a  pale  flame,  forming  a 
white  volatile  crystalline  sublimate,  which  is  the  pentachloride.  It  maybe 
obtained  in  larger  quantity  by  passing  a  strenm  of  dry  chlorine  gas  into 
the  preceding  liquid  trichloride,  which  becomes  gradually  converted  into 
a  solid  crystalline  mass.  Phosphorus  pentachloride  is  decomposed  by 
water,  yielding  phosphoric  and  hydrochloric  acids.  || 

*  Ann.  Chim.  Phyn..  3d  series,  xiv.  5     AccordlnR  to  M  P.  Thinard,  the  llqnid  phaf|}hida  of 
hydrogoQ  contains  PITs  and  the  solid  Pjll.    The  gas  is  represented  by  the  formula  PB^ 

tPCls- 

t  rcig   +  son,  =  3HCI   +   POgH,. 

?  polft. 

B  PCI*    +    40Ha    =    6UC1     +    POiH^ 
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Phospho&vs  Oxycklovu}^.* — When  phosphonis  pentaohloride  is  heated 
with  a  qaantity  of  water  insufficient  to  conTert  it  into  phosphoric  aoid,  it 
j-ields,  together  with  hydrochloric  acid,  a  componnd  of  phosphorus,  chlo- 
rine, and  oxygen.  This  body  may  also  be  prepared  by  distilling  the  pen- 
tachloride  with  dehydrated  oxalic  acid,  or  by  distilling  a  mixture  of  phos- 
phorus pentachloride  and  phosphoric  oxide.  Phosphorus  oxychloride  is  a 
colorless  liquid  of  sp.  gr.  1-7,  possessing  a  very  pungent  odor,  and  boiling 
at  110^  (230^  P.).  It  is  readily  decomposed  by  water  into  hydrochlorie 
and  phosphoric  acids. 

A  Milp^hicridef  of  analogous  composition  is  produced  by  the  action  of 
hydrogen  sulphide  on  the  pentachloride.  It  is  a  colorless,  oily  liquid, 
decomposed  by  water. 

Two  bromides  of  phoaphorut,  an  oxybromide  and  a  tulphobromide,  are  known, 
corresponding  in  composition  and  'properties  with  the  chlorine  compounds, 
and  obtained  by  similar  processes. 

Phosphorus  forms  also  two  io€Udet,X  containing  81  parts  of  phosphorus 
with  2  X  127  and  3  X  127  parts  of  iodine.  The  latter  is  analogous  in 
composition  to  the  trichloride ;  the  former  has  no  chlorine  representative. 
Both  these  compounds  are  obtained  by  dissolving  phosphorus  and  iodine 
together  in  carbon  bisulphide,  and  cooling  the  liquid  till  crystals  are  de- 
posited. Whatever  proportions  of  iodine  and  phosphorus  may  be  used, 
these  two  compounds  always  crystallise  out,  mixed  with  excess  either  of 
iodine  or  of  phosphorus. 

The  di-iodide  melts  at  110°  (230°  F.),  forming  a  red  liquid  which  condenses 
to  a  light  red  solid  The  tri-iodide  melts  at  55°  (181°  P.),  and  crystallizes 
on  cooling  in  well  defined  prisms.  Both  are  decomposed  by  water,  yielding 
hydrtodic  and  phosphorous  acids,  the  di-iodide  also  depositing  yellow 
flakes  of  phosphorus. 

Citn^mtnds  of  Pkotphonu  with  Sulphur  and  Selenium, 

StTLPHiDSS.  — ^When  ordinary  phosphorus  and  sulphur  are  heated  together 
in  the  dry  state,  or  melted  together  under  water,  combination  takes  place 
between  them,  attended  with  vivid  combustion  and  often  with  violent  ex- 
plosion. When  amorphous  phosphorus  is  used,  the  reaction  is  not  explosive, 
though  still  very  rapid. 

Six  compounds  of  sulphur  and  phosphorus  have  been  prepared,  contain-* 
ing  the  following  proportions  of  sulphur  and  phosphorus.] 

Composifcion  by  weight. 

A ■  ■ 

t > 

Phosphorus.       Snlphor. 

Hemisulphide 81  -f*  ® 

Monosttlphide 81  -j-  16 

Sesquisulphide 81  -|-  24 

Trisulphide        .         .         .       '.         .  81  -f  48 

Pentasulphide 81  -f  ^ 

Dodecasulphide          .         .         .         .  81  -f  1^*^ 

The  fourth  and  fifth  are  analogous  to  phosphorus  and. phosphoric  oxides 
respectively ;  the  others  have  no  known  analogues  in  the  oxygen  series. 
They  may  all  be  formed  by  heating  the  two  bodies  together  in  the  required 
proportions;  but  the  trisulphide  and  pentasulphide  are  more  easily  pre- 
pared by  warming  the  monosulphide  with  additional  proportions  of  sulphur. 
Moreover,  the  two  lower  sulphides  exhibit  isomeric  modifications,  each 
being  capable  of  existing  as  a  colorless  liquid  and  as  a  red  solid.     The 

•  POCl,.  t  PSClj.  X  PJ«  *n<'  Pis- 

{  P4S,        P,8,       P43fc        PA,        P«S^       and  PAf. 
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mono-,  tri-,  and  pentasulphides  of  phosphorus  unite  with  metallic  nilphidea, 
forming  sulphur-salts.* 

Selbnidbs  op  Phosphorus,  f  analogous  in  composition  to  the  first,  second, 
fourth,  and  fifth  of  the  sulphides  above  mentioned,  are  produced  by  heat- 
ing ordinary  phosphorus  and  selenium  together  in  the  required  proportions 
in  a  stream  of  hydrogen  gas.  The  hemiselenide  is  a  dark-yellow,  oiW. 
fetid  liquid,  solidifying  at  12^ ;  the  other  compounds  are  dark-red  solids. 
The  mono-,  tri-,  and  pentaselenides  unite  with  metallic  selenides,  forming 
seleniunr-salts  analogous  to  the  sulphur-salts  above  mentioned. 

*  Copper  HypOBnlphophoBphite  P|S|Cn  =  Cii8J*t8. 
Copper  8nlphopho6phit«  PsS^Cu  =  Cu8.Psl^ 
Copper  8alphophosph«te  P^fia  =  CuSJ?sSi|. 

t  PSe,  PjSe,  PtSea,  and  PfB^ 


OV  THE  OEHEBAL  FSIVCIPIES  OF  CHEHICAL 

PHILOSOPHY. 

THE  siady  of  the  non-metallio  elements  can  be  pushed  to  a  Tery  consider^ 
able  extent,  and  a  large  amount  of  precise  and  exceedingly  important 
information  acquired,  without  much  direct  reference  to  the  great  funda- 
mental laws  of  chemical  union.  The  subject  cannot  be  discussed  in  this 
manner  completely,  as  will  be  obTious  from  frequent  cases  of  anticipation 
in  many  of  the  foregoing  foot-notes:  still,  much  may  be  done  by  thii  simple 
method  of  proceeding.  The  bodies  themselyes,  in  their  combinations,  fur- 
nish admirable  illustrations  of  the  general  laws  referred  to ;  but  the  study 
of  their  leading  characters  and  relations  does  not  of  necessity  inToWe  a 
previoas  knowledge  of  these  laws  themselves. 

It  is  thought  that  by  such  an  arrangement  the  comprehension  of  these 
Tery  important  general  principles  may  become,  in  some  measure,  facili- 
tated by  constant  reference  to  examples  of  combinations,  the  elements  and 
products  of  which  haye  already  been  described.  So  much  more  difficult  is 
it  to  gain  a  clear  and  distinct  idea  of  any  proposition  of  great  generality 
from  a  simple  enunciation,  than  to  understand  the  bearing  of  the  same  law 
when  illustrated  by  a  single  good  and  familiar  instance. 

Before  proceeding  further,  however,  it  is  absolutely  necessary  that  these 
matters  should  be  discussed:  the  metallic  compounds  are  so  numerous, 
that  the  establishment  of  some  general  principle,  some  connecting  link, 
becomes  indispensable.  The  doctrines  of  equivalence  and  combining  pro- 
portions, and  the  laws  which  regulate  the  formation  of  saline  compounds, 
rapply  this  deficiency. 

THE  LAWS  OF  COMBINATION  BY  WKIGHT. 

(1.)  Corutaney  of  Composition. — This  is  the  main  distinction  between 

chemical  combination  and  mechanical  mixture,  or  that  kind  of  adhesion 

which  gives  rise  to  the  solution  of  a  solid  in  a  liquid.     Metals  may  be  fused 

together  to  form  alloys;  water  may  be  mixed  with  alcohol,  alcohol  with 

ether,  and  different  oils  one  with  the  other,  in  any  proportions  whatever, 

the  mixture  always^xhibiting  properties  intermediate  between  those  of  its 

constituents,  and  in  regular  gradation  according  to  the  quantity  of  each 

that  may  be  present;  a  solid  body  may  be  dissolved  in  a  liquid  — salt  or 

wigar  in  water,  for  example — in  any  proportion  up  to  a  cerUin  limit,  the 

solution  likewise  exhibiting  a  regular  gradation  of  physical  properties, 

tceording  to  the  quantity  of  the  solid  taken  up.     But  in  a  true  chemical 

eompoand,  the  properties  of  the  constituent  elements  admit  of  no  variation 

whatever.    Water,  whether  obtained  from  natural  sources,  or  formed  by 

direet  combination  of  its  elements,  always  contains  in  100  parts,  88*9  parts 

of  oxygen  and  1 1  -1  parts  of  hydrogen ;  and  a  piece  of  flinty  or  rock-crystal, 

obtained  from  any  part  of  the  world,  invariably  conUins  46-6  per  cent,  of 

iilicinm  to  53*4  of  oxygen.     When  two  or  more  compounds  are  formed  of 

the  same  elements,  as  the  oxides  of  carbon  and  the  chlorides  of  phosphorus 

(PP  164, 216),  there  is  no  gradual  blending  of  one  into  the  other,  as  in  the 

fue  of  mixtures ;  but  each  compound  is  sharply  defined  and  separated,  as 

i^  were,  from  the  others  by  an  impassable  gulf,  exhibiting  properties  die* 
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tinct  from  those  of  the  others,  and  of  the  element-s  themseWes  in  the  eep*- 
rato  state.  Thus  of  the  two  oxides  of  carbon,  the  monoxide  is  ba  inllam> 
mable  gas,  lighter  than  air,  and  not  absorbed  by  solution  of  potash,  whereas 
the  dioxide  is  non-inflammable,  heayier  than  air,  and  easilj  absorbed  bj 
potash ;  and  both  compounds  differ  entirely  in  their  characters,  both  from 
carbon  and  from  oxygen  in  the  free  state. 

The  composition  of  chemical  compounds  is  ascertained,  as  already  ob- 
serTed,  by  analysis,  and  in  some  cases  also  by  synthesis.  The  results  are 
usually  stated  in  percentages  (thus,  100  parte  of  zinc  oxide  contain  801 
parts  zinc  and  19-9  oxygen),  which  for  many  purposes  is  as  couTenient  s 
method  as  can  be  adopted.  But  when  it  is  desired  to  compare  the  compo> 
sition  of  seyeral  compounds  of  the  same  elements,  or  of  the  compouods 
formed  by  one  element  with  seyeral  others,  it  is  more  conyenient  to  start 
with  a  fixed  quantity  of  the  first  element,  and  specify  the  relatire  quan- 
tities of  the  other  element  or  elements  which  combine  with  it.  This  will 
be  easily  seen  by  comparing  the  following  tabular  statements  of  the  com- 
position of  the  fiye  nitrogen  oxides  already  described,  first,  in  percentages, 
secondly,  by  stating  the  seyeral  quantities  of  oxygen  which  unite  with  100 
parts  of  nitrogen. 


InlOOpttrts. 

With  conataDt  quantity 

of  Nitrogen. 

1 

Nitrogen. 

Oxygen. 

Nitrogen. 

Oxygen. 

63-64 

86-36 

100 

175 

46-67 

53-83 

100 

850 

86.85 

6315 

100 

526 

80-44 

69-56 

100 

700 

25-93 

74  07 

100 

875 

Monoxide 
Dioxide    . 
Trioxide 
Tetroxide 
Pentoxide 

The  numbers  on  the  left-hand  side  of  the  table  do  not  exhibit  any  simple 
relation ;  but  on  looking  to  the  right-hand  side,  it  is  immediately  seen  that 
the  quantities  of  oxygen  which  unite  with  the  same  quantity  of  nitrogen, 
are  to  one  another  as  the  numbers  1,  2,  8,  4,  5.  And  this  leads  us  to  the 
second  general  law  of  chemical  combination,  yiz. : 

(2.)  The  Law  of  Multiples.  —  This  law  may  be  thus  stated:  If  two  ele- 
ments, A  and  B,  are  capable  of  uniting  in  seyeral  proportions,  the  quan- 
tities of  B  which  unite  with  a  giyen  quantity  of  A,  usually  bear  a  simple 
relation  to  one  another,  such  as : 

A  +  B,        A  -h  2B,        A  -h  8B,        A  -f  4B,  &o.; 
or,  2A  -f  8B,         2A  -f  6B,        2A  +  7B.  &c. ; 
or,  A    -f  B,  A  -f  8B,  A  -f  5B,  &o. 

Numerous  examples  of  this  law  are  afforded  by  the  compounds  of  the 
non-metallic  elements  one  with  the  other;  as,  for  example,  the  oxides  of 
hydrogen,  carbon,  chlorine,  sulphur,  and  phosphorus,  the  chlorides  of 
phosphorus,  &c. ;  and  still  more  numerous  examples  will  be  met  with,  in 
treating  of  the  compounds  of  metals  with  non-metallic  elenients. 

It  must  be  observed,  however,  that  more  complex  relations  are  by  no 
means  unfrequent.  The  compounds  of  carbon  and  hydrogen,  for  example, 
are  very  numerous;  and  on  comparing  together  the  quantities  of  hydrogen 
H,  which  unite  with  a  fixed  quantity  of  carbon  C,  we  meet  with  such  rela- 
tions as  5C  -f  l7H,  7C  -f  16H,  IIC  -|-  24H.  16C  -h  82H,  Ac.  In  short,  the 
simple  relations  above  mentioned  must  be  looked  upon  merely  as  particular 
instances  of  a  large  number  of  possible  relations,  although  they  happen  to 
hold  good  with  reference  to  a  considerable  number  of  important  compounds. 
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(8.)  Jjcsm  of  EquivaJLent%.  — If  a  bodj  A  unites  with  oerUiin  ether  bodies 
B,  C,  D,  then  the  quantities  B,  C,  D,  which  combine  with  A,  or  certain 
simple  multiples  of  them,  represent  for  the  most  part  the  proportions  in 
which  they  can  unite  amongst  themselves. 

For  example,  8  parts  by  weight  of  oxygen  are  known  to  unite  with  the 
following  quantities  of  hydrogen,  nitrogen,  &c. : 

Oxygen 8 

Hydrogen 1 

Nitrogen 14 

Carbon 6 

Sulphur 8 

Phosphorus  •        •    ^   .  10^  or  y 

Chlorine 86-5 

Iodine 26}  or  4  ^ 

Potassium         •        •        .        •  89 

Iron 28 

Copper 81-7 

Lead 108-5 

surer 108 

&c.  &o 

And  it  is  found,  moreover,  that  hydrogen  and  chlorine  combine  in  the  pro* 
portions  1  to  36*6;  hydrogen  and  sulphur,  1  to  2X8;  chlorine  and  silver, 
3.3  5  to  108;  iodine  and  potassium,  127  parts  of, the  former  to  89  of  the 
Uiier,  &c. ;  phosphorus  and  chlorine,  31  parts  of  the  former  to  8 X  85*5  and 
5x355  of  the  latter,  &c. 

Now,  on  comparing  the  relative  quantities  of  the  elements  contained  in 
all  known  chemical  compounds,  it  is  found:  1.  That  there  is  a  certain 
number  of  elements  which  combine  with  one  another  in  one  proportion  only. 
2.  Thai  by  far  the  greater  number  of  elements  are  capable  of  uniting  in 
two  or  more  proportions.  The  elements  of  the  former  class  may  be  con- 
veniently called  monogerUf  those  of  the  latter  polygen*.^ 

Hydrogen  and  chlorine  unite  in  the  proportion  of  1  part,  by  weight,  of 
the  former,  to  35  5  parts  of  the  latter,  and  in  no  other.  The  same  quantity 
of  chlorine  combines  with  39*1  parts  of  potassium,  28  of  sodium,  and  108 
of  silver.  These  several  quantities  of  sodium,  potassium,  and  silver,  are 
capable  of  saturating  the  same  quantity  of  chlorine  that  is  saturated  by  1 
part  of  hydrogen.  They  are,  therefore,  in  this  respect  equwalent  to  1  part 
by  weight  of  hydrogen  and  to  each  other.  They  may,  in  fact,  be  made 
directly  to  replace  one  another  in  combination  with  chlorine.  Thus,  when 
sodium  or  potassium  is  heated  in  hydrochloric  acid  gas,  hydrogen  is  set 
free,  and  sodium  or  potassium  chloride  is  formed,  28  parts  of  sodium  or 
39- 1  parts  of  potassium  always  taking  the  place  of  1  part  of  hydrogen. 
Again,  when  a  solution  of  sodium  chloride  is  mixed  with  silver  nitrate,  the 
sodium  and  silver  change  places,  forming  a  solution  of  sodium  nitrate  and 
a  precipitate  of  silver  chloride ;  and  in  this  case  108  parts  of  silver  take 
the  place  of  28  parts  of  sodium.  The  above-mentioned  quantities  of  hy- 
drogen, chlorine,  sodium,  potassinm,  and  silver,  are  therefore  called  equiva" 

There  are  a  few  other  monogenic  elements,  the  names  and  equivalent 
weighta  of  which  are  given,  together  with  the  preceding,  in  the  following 
table: 

•  Brienmeyer,  **  Lehrbach  der  organiiiBhun  Ohemie." 

19« 
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Hydrogen 

.      1 

Potassium  . 

89-1 

Chlorine    . 

.     85-5 

Sodium   • 

28 

Bromine 

.    80 

Lithium 

7 

Fluorine    . 

.        19 

CfBsium   . 

188 

SiWer     . 

108 

Bubidium   . 

854 

All  other  elements  are  polygenic,  uniting  with  the  monogens  and  with 
one  another  in  more  than  one  proportion.  With  regard  to  Uiese  elemeatf 
the  question  of  equiTalence  appears  at  first  to  be  somewhat  indeterminate ; 
in  fact,  according  to  the  idea  of  equivalency  above  defined,  the  eqiUTalcnt 
▼alue  of  a  polygenic  element  must  vary  according  to  the  proportions  in 
which  it  unites  with  others.  Thus  iron  forms  two  chlorides,  containing  28 
and  18}  parts  of  iron  to  85.5  parts  of  chlorine.  Either  of  these  quantities 
of  iron  may  therefore  be  regarded  as  equiralent  to  1  part  of  hydrogen ;  in 
other  words,  as  the  equiTalent  weight  of  iron.  Again,  1  part  of  hydrogoi 
unites  with  8  parts  of  oxygen  to  form  water,  and  with  16  parts  to  form  hy- 
drogen dioxide.  '  Which  of  these  is  the  equiyalent  weight  of  oxygen  ?  The 
former  number  has  perhaps  the  best  right  to  be  so  regarded,  because  water 
is  a  more  stable  compound  than  hydrogen-dioxide,  and,  moreoTer,  8  parts 
by  weight  of  oxygen  frequently  take  the  place  of  1  part  of  hydrogen  in 

E recesses  of  oxidation,  as  when  alcohol,  a  compound  of  12  parts  carbon,  3 
ydrogen,  and  8  oxygen,  is  oxidized  to  acetic  ^cid,  containing  12  parta  car- 
bon, 2  hydrogen,  and  16  oxygen.  But  what  number  shall  we  fix  npon  as 
the  equiyalent  of  nitrogen  ?  This  element  forms  only  one  compound  with 
hydrogen,  namely,  ammonia,  which  contains  14  parts  of  nitrogen  to  8  of 
hydrogen,  or  4}  nitrogen  io  1  hydrogen.  Accordingly,  the  equivalent  weight 
of  nitrogen  appears  to  be  4},  and,  in  fact,  this  quantity  of  nitrogen  can  be 
made  to  take  the  place  of  1  part  of  hydrogen  in  many  organic  compounds. 
But  if  we  look  to  the  compounds  of  nitrogen  with  oxygen,  we  find  thtt 
these  elements  unite  in  five  different  proportions,  8  parts  of  oxygen  (which 
we  have  seen  to  be  in  most  cases  equivalent  to  1  part  of  hydrogen)  uniting 
with  14,  7,  y,  },  or  y  parts  of  nitrogen,  either  of  which  numbers  may 
therefore  be  regarded  as  equivalent  to  1  part  of  hydrogen.  Lastly,  with 
regard  to  carbon,  the  problem  appears  still  more  indefinite,  inasmuch  as 
that  element  forms  with  hydrogen  a  very  large  number  of  compounds,  and 
appears  to  be  capable  of  uniting  with  it  in  almost  any  proportion. 

We  may,  however,  obtain  a  set  of  comparable  values  by  assuming  as  the 
equivalent  weight  of  each  polygenic  element,  the  tmalleat  quantity  of  it  which 
unites  with  1  part  of  hydrogen,  or  with  85*5  of  chlorine,  or  generally  with 
the  equivalent  weight  of  any  monogenic  element.  Thus  of  all  the  compounds 
of  hydrogen  and  carbon,  marsh-gas,  or  methane,  which  is  composed  of  12 
parts  carbon  to  4  hydrogen,  or  8  parts  carbon  to  1  hydrogen,  contains  the 
largest  quantity  of  hydrogen  in  proportion  to  the  carbon ;  in  other  words, 
8  parts  of  carbon  is  the  smallest  quantity  that  can  unite  with  1  part  of 
hydrogen  This,  then,  we  shall  regard  as  the  equivalent  weight  of  carbon; 
and  by  similar  considerations  the  equivalent  weight  of  oxygen  will  be  found 
to  be  8,  that  of  sulphur  16,  of  nitrogen  4}  or  y ,  of  phosphorus  V  or  H*  of 
iron  18},  of  lead  103-5,  &c. 

Atomic  Weiohts.— Let  us  now  compare  the  hydrogen  compounds  of 
monogenic  and  polygenic  elements,  with  regard  to  the  manner  in  which 
the  hydrogen  contained  in  them  may  be  replaced  by  other  elements.  Com- 
pare first  hydrochloric  acid  and  water.  When  hydrochloric  acid  is  acted 
upon  by  certain  metals,  as  sodium,  sine,  or  magnesium,  the  whole  of  the 
hydrogen  is  expelled,  and  the  chlorine  enters  into  combination  with  an 
equivalent  quantity  of  the  metal;  thus  86-5  parts  of  hydrochloric  acid 
{—  1  part  hydrogen  -f-  86-5  chlorine)  and  28  sodium  yield  1  part  of  free 
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hydrogen  and  23  -f-  85*5  (:a  68  5)  sodium  cMoride;  there  is  no  such  thing 
as  the  expulsion  of  part  of  the  hydrogen,  or  the  formation  of  a  compound 
containing  both  hydrogen  and  metal  in  combination  with  the  chlorine. 

With  water,  however,  the  case  is  different.  When  sodium  is  thrown  upon 
water,  9  parts  of  that  compound  (^1  hydrogen  -f-  8  oxygen)  are  decom- 
posed, in  such  a  manner  that  half  of  the  hydrogen  is  expelled  by  an  equiT- 

23 
alent  quantity  of  sodium,  — ,  and  wdium  hydrate  is  formed  containing : — 

2 
Sodlnm.  Hydrogen.  Oxjgea. 

2  +  2  +  » 

This  compound  remains  in  the  solid  state  when  the  liquid  is  evaporated 
to  dryness ;  and  if  it  be  further  heated  in  a  tube  with  Sodium,  the  remaining 
half  of  the  hydrogen  is  driven  off,  and  anhydrous  sodium-oxide  remains, 
composed  of  23  parts  sodium  -f-  ^  oxygen. 

Water  differs,  therefore,  from  hydrochloric  acid  in  this  respect,  that 
its  hydrogen  may  be  replaced  by  a  monogenic  metal  in  two  equal  portions, 
yielding  successively  a  hydrate  and  an  anhydrous  oxide,  the  relations  of 
which  to  the  original  compound  may  be  thus  represented :  — 

Water.  Sodium-hydrate.  Bodlnm-oxlde. 


Hydrogen.       Oxygen. 


(W) 


+  8 


Hyd.  Sod.         Ox.  Sodium. 


Ox. 


+  8; 


or,  multiplying  by  2,  to  avoid  fractions  of  equivalent  weights: 

Water.  Sodlnin-hj'drato.  Sodinm-ozide. 


Hydrogen.        Oxygen.  Uyd.  Sod.         Ox.  SodJum.  Ox. 

(1  -f    1)    4-   ItJ  (1     4-     23)  +  16       (23  +  28)  -f-  16. 

It  appears  from  this  that  2  x  8,  or  16  parts  of  oxygen,  is  the  smallest 
qnantity  of  oxygen  that  can  be  supposed  to  enter  into  the  reaction  just 
eoQsidered,  if  we  would  avoid  speaking  of  fractions  of  equivalents;  and 
we  shall  find  hereafter  that  the  same  is  true  with  regard  to  all  other  well- 
defined  reactions  in  which  oxygen  takes  part.  Hence  this  quantity  of 
oxygen  16  parts  by  weight  (hydrogen  being  the  unit),  is  called  an  iruUvinbU 
weight,  or  atomic  weighty  or  an  atom  of  oxygen.* 

Let  us  now  consider  the  hydrogen  compound  of  nitrogen,  that  is  to 
Bay,  ommofitts.  This  is  composed  of  1  part  of  hydrogen  united  with  4} 
or  y  of  nitrogen.  Now  in  this  compound  the  hydrogen  is  replaceable  by 
thirds.  When  potassium  is  heated  in  ammonia  gas,  a  compound  called 
^ifu^amne  is  formed,  in  which  one  third  of  the  hydrogen  is  replaced  by 
potassium.  Another  compound,  called  tri-poteusamine.  Is  also  known,  con- 
mt'ing  of  ammonia  in  which  the  whole  of  the  hydrogen  is  replaced  by  an 
equivalent  quantity  of  potassium:  — 

Nit  Hydrogen.  Nit.  Hydrogen. 

Ammonia  .        .     -^    +-5-  +  -5-+-^o'    14+1    +   1    +    1 


8 


Nit 

14 

8 

Hydrogen.       Pot 

+    8     "^    3  "^    3 

Nit 

Potaasidm. 

Tripotassamine 

14 
8* 

89         89         39 
"^    8    "^    8    "^    8 
♦  krvnoit  indivinlble. 

Nit  Hydrogen.       Pot 

or    14   +    1    +    1+89 

Nit  Potaaslam. 

or     14  +  39  +    89  +  39 


222   QBKEBAI.   PHINOIPLES   OF   CHKMICA.I.    FHILOSOPHI 


Rubidium   .         .  .       86-i    ' 

All  Dthsr  clomenta  mra  pDljgenic,  uniting  with  the  monogeni  ind  ■ 
one  mnother  in  more  th&n  ana  proporLioD.  With  regard  to  Uieae  eleM 
the  queslion  of  equiTsleace  appesTB  at  first  to  be  tomewhat  indetemil 
in  faaC,  according  to  the  idea  of  equiTaleoc;  aboT*  defined,  tbc  equifi 
Talue  of  a  potjgenio  element  must  rarj  according  to  the  proportiot 
wbieh  it  unites  with  others.  Thul  iron  forma  two  chlorides,  eonlaiD^ 
and  18|  parte  of  iron  to  85.6  parta  of  oblorine.  Either  of  these  qoai 
of  iron  may  therefore  be  regarded  aa  equJTaletit  to  1  part  of  hjdrag* 
other  words,  as  the  eqniTalent  weight  of  iron.  Again,  1  part  of  kji 
unites  with  S  parts  of  oijgen  to  form  water,  and  wilh  16  paris  to  f«0 
drogen  dioxide.  '  Which  of  theae  ia  the  equiTalent  weigbl  of  oxjgea 
former  number  has  perhaps  the  best  right  lo  be  ao  regarded,  becUM 
Is  a  more  atable  compound  than  hydro  gen -die  side,  aud,  moreoTer.  t 
by  weight  of  oxygen  frequently  take  ibe  place  of  I  part  of  hydM 

Erooesses  of  oxidation,  as  when  alcohol,  a  compound  of  12  parte  en 
ydrogen.  and  8  oxygen,  is  oiidiied  lo  acetic  ^cid,  containing  12  par 
ban,  2  hydrogen,  and  16  oxygen.  But  what  number  shall  we  fix  ■  ~~~ 
the  equiraUnt  of  uitrogeul  This  clement  forms  only  one  eompoia 
hydrogen,  namely,  ammonia,  which  contains  14  parte  of  nilrogeB  ' 
hydrogen,  or  4)  nitrogen  io  1  hydrogen.  Accordingly,  the  eqaii^eBl 
of  nitrogen  appears  to  Im  4},  and,  in  faol,  thia  quantity  of  niirogtt 
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Jn-tm  ud  23  -(-  85-5  (_  58  5)  sodinm  cbloride ;  thwe  u  o»  well  ihing 
-J  fipuL'ion  or  part  of  the  hyilro^n.  or  the  formatioD  or  ■  cnDipuunil 
■\  alD^lHiIh  bjiirogea  ui<l  melsl  in  cumbiD&lion  wiih  Ihe  chlorine. 
'*.  !  «jter,  howcTer.  the  case  is  differeTit.  When  sodium  is  ifaroon  npon 
.'Fr.  !< piru of  Ihkt  coDipounii  (^  I  hydropeD -f- 8  oiTfren)  are  dmm- 
-"1.  in  Hch  »  mumer  Ih&t  hklf  of  Ibe  bjdrogea  is  cipeUed  b;  an  eqiuT- 

K.  lUBiil;  of  Bodiuin,  — ,  aod  toe^n  hyiratt  is  formed  coDtsiniDg: — 


r      +  2       +       » 

i^-omponnd  rrmsins  in  the  solid  stale  when  the  Uqnid  is  eTsporaird 
I'V^^;  and  if  it  be  further  faeaieil  in  »  lube  nith  Rodium.  the  reuiaiDing 

.4  lilt  hydrogen  is  driicn  off.  and  aDbjdrous  aodium-oiide  rcmsios, 
■-'A.  if  £3  parts  Todium  -^  8  oxygen. 

*■':  Jiffers,  therefore,  from  hydrochloric  acid  in  this  re«pe«.  that 
•.-v  £?n  oa;  b«  replmced  by  a  monogcnie  nelal  in  iwa  e^ual  ponioiis 
iz  •;i«e^tTtlj  a  bydraie  and  an  anbydrous  oxide,  ifac  reUuoBi  of 
a  Eu  uc  original  compound  miiy  be  thu3  repreaenicd :  — - 


ii.:.f!jTBj br  2,  la  avoid  fractions  of  equiTaleni  weiphu: 


iRian  &■■  ibt-'«  that  2  >r  8.  or  1<1  pans  of  oiyprn.  u 
"jrffijpa  thu  «D  b*  supposed  lo  enier  iciif  ihe  i 
ini  ^  rt  sMirl  aroid  spesking  of  fraciions  of  r>.|ur 
L^  W  ^mfter  thai  ihc  same  vs  true  vilh  rernd  to  ai 


IM  r>a;;'ier  ihe  fajdrofCD  euaipound  of  oitrr^eD.  that  ts  Is 
■^K  Tu»  IS  e'^tnpA^ied  of  1  pan  of  hydro^n  DD]i«<i  van  4f 
vjiaia.  Saw  a  Lais  compound  ihe  hyirogt-o  it  r»fil».-r»tr>  t-y 
*>a  >K*af;3a  l>  heated  in  atDinODia  gav  a  t<,B.y.\.ii\  n!l--l 
■  3  f'f-s-L  ia  whica  one  third  of  the  hrdroj^n  ii  r-f  »c«-i  l-y 
I.  lai'.Sfr  «■  aiT-  uui.  called  (n-p','ai<.iMmi.  i»  »L-o  ka-,wiL  cio- 
'^nii.1  a  «..■!  iiie  sboie  of  ue  hidrofca   \t  rtp.>cpl  by  ao 

=      .1!  .i_^l  +  l,  „^,  +  ,  +  . 
'        J.^?  ,«  ,,  ^  1  _  .+.. 
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There  is  also  a  large  class  of  compounds  deriyed  from  ammonia  in  like 
manner  bj  the  replacement  of  J,  |,  or  the  whole  of  the  hydrogen  by  equi- 
valent quantities  of  certain  groups  of  elements  called  compound  radteaU  (see 
page  237).  Hence,  by  reasoning  similar  to  that  which  was  above  applied 
to  water,  it  is  inferred  that  ammonia  is  composed  of  14  parts  by  weight,  or 
8  equivalents,  of  nitrogen  combined  with  8  parts  or  8  equivalents  of  hydro- 
gen, and  that  the  atomic  weight  of  nitrogen  is  14. 

Next  take  the  case  of  tnarth-ffas  or  metiuane,  a  compound  of  1  pari  hydro- 
gen with  8  parts  carbon.  When  this  gas  is  mixed  with  chlorine,  and  ex- 
posed to  diffused  daylight,  a  new  compound's  formed,  in  which  one  fourth 
of  the  hydrogen  belonging  to  the  marsh-gas  is  replaced  by  an  equivalent 
quantity  of  chlorine ;  and  if  the  chlorine  is  in  excess,  and  the  mixture  ex- 
posed to  sunshine,  three  other  compounds  are  formed,  in  which  one  half^ 
three  fourths,  and  all  the  hydrogen,  are  thus  replaced.  The  results  may 
be  thus  expressed : 

Methane. 


Carbon. 


Hydrogen. 


Carbon. 


Hydrogen. 


«    +    i  +  i  +  i  +  Jor    12    +    l  +  l  +  l  +  l 


Carbon.         Hydrogen. 


Chloromethane. 
Chlorine.       Carbon.       Hydrogen. 


8 


111         85-6 

+  T  +  T  +  T  +  — 


or    12     -1-1+1+1 


ChloriDfeu 


35-5 


Carbon.        Hydrogen. 


■^   r- 


8     +   7+  j  + 


Dichloromcthane. 
Chlorine.  Carbon.    Hydrogen.  Chlorine. 


35-5 


+ 


N 

35-5 


or    12  +  1  4-  1  +  35-6  +  86  5 


Carbon.   Hyd. 


Trichloromethane  or  Chloroform. 
Chlorine.  Carb.       Hyd. 


Chlorina. 


1         85-6       36-5       35-5 

3    +  ~  +  -^-\-  -^  -f-  -^  or  12   +  1  +     35-6  +  35-5  +  85-5 


Carbon. 


85-5 


Tetrachloromethane. 
Chlorine.  Carbon. 


35-5       36  6   .   86-5 


Chlorine. 


8    +    -T-  +  -4-+     4 


+ 


or  12  -f  86-5  +  35-5  +  35-5  +  35-6 


Hence,  by  reasoning  similar  to  the  above,  it  is  inferred  thai  marsh-gas 
is  composed  of  12  parts  by  weight,  or  4  equivalents  of  carbon,  and  4  parts, 
or  4  equivalents  of  hydrogen,  and  that  the  atomic  weight  of  carbon  is  12. 

According  to  the  preceding  explanations,  the  equivalent  weight  of  a  poly- 
genic element  is  the  smallest  quantity  of  it  that  can  unite  with  an  equiva- 
lent of  a  monogenic  element,  that  is,  with  1  part  of  hydrogen,  85'6  parts 
of  chlorine,  &c. ;  and  the  atomic  weight,  or  atom^  is  the  smallest  quantity  of 
an  element  that  can  unite  with  others  without  introducing  fractions  of 
equivalents.  In  the  case  of  a  monogenic  clement,  the  atomic  and  equiva- 
lent weights  are  identical,  but  the  atomic  weight  of  a  polygenic  element  is 
always  greater  than  the  equivalent  weight  in  the  ratio  of  1  to  2,  3,  4,  &c. 
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We  have  shown  in  three  omses  how  the  atomic  weight  of  an  element  may 
be  determined  by  the  proportion  in  which  equivalent  eubstitution  takes 
pUce  in  its  compounds  with  hydrogen  or  other  monogenic  elements.  Sul- 
phur, selenium,  and  tellurium  form  hydrogen  compounds  exactly  analogous 
io  this  respect  to  water,  the  hydrogen  being  replaceable  by  haWes ;  their 
Atomic  weights  are  therefore  double  of  their  equivalent  weights.  Silicon 
forms  with  chlorine  a  compound  containing  7  parts  silicon  with  86*5  parts 
chlorine ;  and  in  this  one  fourth  of  the  chlorine  is  replaceable  by  hydro- 
gen or  by  bromine:  hence  the  atomic  weight  of  silicon  is,  like  that  off 
carbon,  equal  to  four  times  the  equivalent  weight,  its  numerical  value  being 
28.  There  are  also  some  elements  in  which  the  atomic  weight  is  equal 
to  live  times,  and  others  in  which  it  is  equal  to  six  times,  the  equivalent 
weight;  higher  ratios  have  not  been  observed. 

It  must  not  be  supposed  that  the  atomic  weights  of  elementary  bodies 
are  always  actually  determined  in  the  manner  above  described.  There  are 
several  other  methods  of  determining  their  numerical  values,  as  will  be 
presently  explained ;  and  the  values  obtained  by  different  methods  do  not 
always  agree ;  but  the  atomic  weights  of  all  the  more  important  elements 
may  be  regarded  as  definitely  fixed  within  small  numerical  errors.  The 
equivalent  value  of  an  element  or  the  ratio  of  the  equivalent  to  the  atomic 
weight,  is  also  subject  to  some  variation,  as  will  be  presently  explained, 
according  to  the  riew  which  may  be  taken  of  the  constitution  of  particular 
compounds. 

The  table  on  the  next  page  exhibits  the  values  of  the  atomic  weights  of  the 
,  elementary  bodies  in  which  chemists  are  now  for  the  most  part  agreed ;  also 
the  abbreviated  symbols  (the  first  or  first  two  letters  of  their  Latin  names) 
bj  which  they  are  designated  in  chemical  formulsB. 

Stmbolic  Notation.  —  The  symbols,  H,  0,  N,  etc.,  stand,  not  for  the 
names  of  the  several  elements,  but  for  quantities  of  them  proportional  to 
the  atomic  weights.  Combination  between  elements  is  represented  by  the 
juxtaposition  of  the  symbols;  thus  NaCl  represents  sodium  chloride,  a 
compound  of  23  parts  by  weight  of  sodium  wi^h  86*6  parts  of  chlorine. 
Two  or  more  atoms  of  an  element  are  represented  by  placing  a  small  figure 
to  the  right  of  the  symbol,  and  a  little  below ;  thus  U,  denotes  2  atoms  of 
hydrogen ;  OH.  denotes  water,  a  compound  of  2  atoms  hydrogen  with  1 
stom  oxygen ;  PCI5,  phosphorus  pentachloride ;  Fe^O.,  iron  sesquioxide,  etc. 
The  elements  in  a  compound  are  usually  placed  in  the  order  of  their  equi- 
Talencies,  the  highest  to  the  left;  but  this  order  is  often  departed  from 
when,  by  so  doing,  the  relation  between  two  or  more  compounds  under  con- 
sideration can  be  more  clearly  brought  to  light. 

The  union  of  two  atomic  groups,  or  moleculety  is  represented  by  placing 
their  symbols  together,  with  a  point  or  comma  between  them ;  thus  sal-am- 
moniac,  formed  by  the  union  of  ammonia,  NH,,  and  hydrochloric  acid,  HCl, 
is  represented  by  the  formula  NHg.HGl;  sulphuric  acid,  or  hydrogen  sul- 
phate, which  may  be  regarded  as  sulphur  trioxide  combined  with  water, 
may  be  represented  by  the  formula  SOj.OH,. 

A  number  placed  to  the  left  of  a  group  of  symbols  not  separated  by  a 
point  or  comma,  multiplies  the  entire  group ;  thus  ^OH,  denotes  3  molecules 
of  water :  but  to  denote  the  multiplication  of  a  molecule  compounded  of  two 
other  molecules,  the  whole  formula  must  be  enclosed  in  brackets,  and  the 
Dumeral  placed  to  the  left  on  tho  line,  or  to  the  right  a  little  below  it;  thus 
2  molecules  of  sal-ammoniac  are  denoted  by  2(NH,.HCl),  or  (NH,  HCl),. 

If  the  brackets  were  omitted  in  the  first  of  these  formulas,  the  2  would 
multiply  only  the  part  of  the  formula  to  the  left  of  the  point;  e.  y.  dOH,.SO, 
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TaBLI  or  EUEMBXTABT  BODISS   WITH  THXI&   StKBOLS  AHD  AtOXIO 

Weights. 


Name. 

Symbol. 

Atomic 
Weight 

Name. 

SymboL 

Atomic 
Weight. 

Aluminium 

Al 

27-4 

Molybdenum 

Mo 

96 

Antimony  (Sti- 

Nickel 

Ni 

68-8 

bium) 

Bb 

122 

Niobium 

Nb 

94 

Arsenic 

As 

75 

Nitrogen 

N 

14 

Barium 

Ba 

187 

Osmium 

Os 

199-2 

Beryllium 

Be 

9-4 

Oxygen 

0 

16 

Bismuth 

Bi 

210 

Palladium 

Pd 

106-6 

Boron 

B 

11 

Phosphorus 

P 

31 

Bromine 

Br 

80 

Platinum 

Pt 

197-4 

Cadmium 

Cd 

112 

Potassium 

CsBsium 

Cs 

138 

(Kalium) 

K 

39-1 

Calcium 

Ca 

40 

Rhodium 

Rh 

104-4 

Carbon 

C 

12 

Rubidium 

Rb 

85-4 

Cerium 

Ce 

92 

Ruthenium 

Ru 

104-4 

Chlorine 

CI 

85-5 

Selenium 

Se 

79-4 

Chromium 

Cr 

52-2 

Silicium 

Si 

28 

Cobalt 

Co 

58-8 

Silver  (Argen- 

Copper      (Cu- 

tum) 

Ag 

106 

prum) 

Cu 

63-4 

Sodium  (Na- 

Didymium 

D 

96 

trium) 

Na 

28 

Erbium 

£ 

112-6 

Strontium 

Sr 

87-6 

Fluorine 

F 

19 

Sulphur 

S- 

82 

Gold  (Aurum) 

Au 

197 

Tantalum 

Ta 

182 

Hydrogen 

H 

1 

Tellurium 

Te 

128 

Indium 

In 

74 

Terbium  (?) 

Iodine 

I 

127 

Thallium 

Tl 

204 

Iridium 

Ir 

198 

Thorinum 

Th 

115-7 

Iron  (Perrum) 

Fe 

66 

Tin  (Stannum) 

Sn 

118 

Lanthanum 

La 

93-6 

Titanium 

Ti 

50 

Lead    (Plum- 

Tungsten, or 

bum) 

Pb 

207 

Wolfram 

W 

184 

Lithium 

Li 

7 

Uranium 

u 

120 

Magnesium 

Mg 

24 

Vanadium 

V 

61-2 

Manganese 

Mn 

56 

Yttrium 

Y 

61-7 

Mercury   (Hy- 

Zinc 

Zn 

65-2 

drargyrum) 

Hg 

200 

Zirconium 

Zr 

89-6 

denotes  a  compound  of  8  molecules  of  water  with  1  molecule  of  sulphur 
trioz-ide. 

Chemical  reactions  are  represented  by  equations,  in  which  the  symbols 
of  the  acting  bodies  are  placed  on  the  lett-hand  side,  and  those  of  the 
bodies  formed  by  the  reaction,  on  the  right  hand,  the  moleoules  on  either 
side  being  connected  by  the  sign  -}-*•  For  example,  the  action  of  zinc  on  hj- 
drochloric  acid,  by  which  zinc  chloride  and  free  hydrogen  are  formed,  is 
represented  by  the  equation : 

Zn     +     2HC1     =     ZnCl,     +     H,; 

that  of  phosphorus  pentachloride  on  water,  which  yields  hydrochloric  and 
phosphoric  acids,  by  the  equation: 


PCI,    +     40H,    = 


5HC1    -j-    PO^H,. 
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Nomeroua  other  examples  will  be  found  In  the  foot-notes  to  the  preceding 
pages. 

Physical  and  Chemical  Relatioru  of  Atomic  WeighU, 

We  have  hitherto  regarded  the  atomic  weights  of  the  elements  as  mere 
numerical  expressions,  or  as  quantities  adopted  to  represent  the  compo- 
Bttion  of  compounds  without  introducing  fractions  of  equiyalents.  If  this 
were  all  that  could  be  said  about  them,  they  would  not  be  of  much  impor- 
tance. We  shall  see,  howeyer,  that  these  same  quantities  exhibit  some  re- 
markable relations  to  the  physical  properties  of  the  elements,  and  to  the 
proportions  in  which  they  combine  together   by  yolume. 

1.  To  the  Specific  Heat  of  the  Elementary  BocHes, — The  atomic  weights  of 
the  elements,  determined  according  to  their  modes  of  combination,  are,  for 
the  most  part,  inversely  proportional  to  their  specific  heats ;  so  that  the 
product  of  the  specific  heat  into  the  atomic  weight  is  a  constant  quantity. 
The  same  quantity  of  heat  is  required  to  produce  a  given  change  of  tem- 
perature in  7  grams  of  lithium,  56  of  iron,  207  of  lead,  108  of  silver, 
l%-7  of  gold,  210  of  bismuth,  &c. 

This  relation,  already  pointed  out  in  the  chapter  on  Heat  (p.  73),  holds 
good  with  respect  to  the  greater  number  of  the  elements ;  but  it  cannot  be 
regarded  as  a  universal  law,  inasmuch  as  three  elements,  carbon,  silicium, 
and  boron,  whose  atomic  weights  are  well  established  on  chemical  grounds, 
exhibit  unmistakable  exceptions  to  it.  Nevertheless,  in  case  of  doubt  as 
to  the  correct  determination  of  the  atomic  weight  of  an  element  according 
to  its  mode  of  combination,  the  agreement  of  the  value  thus  obtained  with 
the  value  determined  according  to  the  specific  heat,  is  generally  regarded 
S8  affording  strong  evidence  in  favor  of  the  result. 

2.  n  the  GryatatUne  Forma  of  Compounda.  —  It  is  found  that,  in  many 
etses,  two  or  more  compounds  which,  from  chemical  considerations,  are 
supposed  to  contain  equid  numbers  of  atoms  of  their  respective  elements, 
erystallixe  in  the  same  or  in  very  similar  forms.  Such  compounds  are  said 
to  be  iaomorphona.*  Thus  the  sulphates  represented  by  the  general  formula 
SO^M,  (M  denoting  a  monogenic  metal)  are  isomorphous  with  the  corre- 
Bpondlng  selenates  Se04M, ;  the  phosphates  PO^Mg  are  isomorphous  with 
the  eorresponding  arsenates  AsO^Mg,  &c. 

Accordingly,  these  isomorphous  relations  are  often  appealed  to  for  the 
purpose  of  fixing  the  constitution  of  compounds,  and  thence  deducing  the 
atomio  weights  of  their  elements,  in  cases  which  would  otherwise  be  doubt- 
faL  Thus  aluminium  forms  only  one  oxide,  vis.,  alumina,  which  is  com- 
posed of  18-2  parts  by  weight  of  aluminium  and  16  parts  of  oxygen.  What, 
then,  is  the  atomic  weight  of  aluminium?  The  answer  to  this  question 
will  depend  upon  the  constitution  assigned  to  alumina,  whether  it  is  a  mon- 
oxide, sesquioxide,  dioxide,  &c.    Thus: 

Monoxide  .     AlO         ^ 

Sesquioxide    Al^Og      ss 

Dioxide      .     AlO,        = 
Trioxide    .     AlO,       = 

The  numbers  in  the  last  column  of  this  table  are  the  weights  which  must 
^  assigned  to  the  atom  of  aluminium,  according  to  the  several  modes  of 
Mnstilution  indicated  in  the  first  column ;  but  there  is  nothing  in  the  con- 

*  *IoO{,  equal ;  /iflp^i),  form. 


0. 

Al. 

16 

+ 

18-26 

48 

+ 

f27-4 

\27-4 

82 

-f 

86-6 

48 

+ 

54-8 
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stitution  of  the  oxide  itself  that  can  enable  us  to  decide  between 
Now,  iron  forms  two  oxides,  in  which  the  quantities  of  oxygen  united  with 
the  same  quantity  of  iron  are  to  one  another  as  I  :  1},  or  as  2  :  3.  These 
are  therefore  regarded  as  monoxide,  FeO,  and  sesquioxide,  Fe^O^,  and  thia 
last  oxide  is  known  to  be  isomorphous  with  alumina.  Consequently  alumina 
is  also  regarded  as  a  sesquioxide,  Al,Og,  and  the  atomic  weight  of  aluminium 
is  inferred  to  be  27*4. 

8.  To  the  Volume-Relatiofu  of  Elements  and  Compounds, — The  atomic  weights 
of  those  elements  which  are  known  to  exist  in  the  state  of  gas  or  Tapor  are, 
with  one  or  two  exceptions,  proportional  to  their  specific  gravities  in  the 
same  state.  Taking  the  specific  gravity  of  hydrogen  as  unity*  those  of  the 
following  gases  and  vapors  are  expressed  by  numbers  identical  witli  their 
atomic  weights: 

.     16 

82 

.    79 

.       128 

The  exceptions  to  this  rule  are  exhibited  by  phosphorus  and  ttrsemcy  whose 
Tapor-densities  are  twice  as  great  as  their  atomic  weights,  that  of  phos- 
phorus being  62,  and  that  of  arsenic  160;  and  by  mercury  and  catbnium, 
whose  vapor-densities  are  the  halves  of  their  atomic  weights,  that  of  mer- 
cury being  100,  and  that  of  cadmium  56. 

Laws  op  Combination  bt  Volumi.  —  From  the  preceding  relations,  it 
follows  that  the  volumes  of  any  two  elementary  gases  which  make  up  a 
compound  molecule,  are  to  one  another  in  the  same  ratio  as  the  numbers  of 
atoms  of  the  same  elements  which  enter  into  the  compound,  excepting  in 
the  case  of  phosphorus  and  arsenic,  for  which  the  number  of  volumes  thus 
determined  has  to  be  halved,  aj^d  of  mercury  and  cadmium,  for  which  it 
must  be  doubled ;  thus : 

The  molecule  HCl     contains        1  vol.  H  and  1  voL  CL 


Hydrogen 

.      1 

Oxygen    . 

Chlorine 

35.5 

Sulphur 

Bromine 

.    80 

Selenium 

Iodine 

.       127 

Tellurium 

<« 

H.O 

«« 

2 

H 

«< 

1 

i( 

0. 

41 

H,N 

it 

8 

H 

(( 

1 

{< 

N. 

<4 

H,P 

<< 

tore 

H 
H 

«< 

i 

1 

P. 
P. 

4( 

CI3AS 

It 

tor  6 

CI 

CI 

i 

1 

tt 

An. 
As. 

«( 

Cl,Hg^/ 

<< 

2 

CI 

t« 

2 

tt 

Hg. 

If  the  smallest  volume  of  a  gaseous  element  that  can  enter  into  combi- 
nation be  called  the  combining  volume  of  that  element,  the  law  of  combi- 
nation may  be  expressed  as  follows:  The  combining  volumes  of  all  elementarif 
gases  are  equals  excepting  those  of  phosphorus  and  arsenic,  which  are  only  half 
those  of  the  other  elements  in  the  gaseous  state,  and  those  of  mercury  and  cadmium, 
which  are  double  those  of  the  other  elements. 

It  appears,  then,  that  in  all  cases  the  volumes  in  which  gaseous  elements 
combine  together  may  be  expressed  by  very  simple  numbers.  Thb  is  tbe 
**Law  of  Volumes,"  first  observed  by  Humboldt  and  6ay-Lussao  in  1805, 
with  regard  to  the  combination  of  oxygen  and  hydrogen,  and  afterwards 
established  in  other  cases  by  Gay-Lussac,  whose  observations,  published  in 
his  "Theory  of  Volumes,"  afforded  new  and  independent  evidence  of  the 
combination  of  bodies  in  definite  and  multiple  proportions,  in  corroboration 
of  that  derived  from  the  previously  observed  proportions  of  combination 
v.tT  weight. 

•Lussac  likewifte  observed  that  the  product  of  the  union  of  two  gases, 
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when  itaelf  a  gas,  Bometimes  retains  the  original  Tolame  of  its  constituents, 
no  contraction  or  change  of  volume  resulting  fVom  the  combination,  but 
that  when  contraction  takes  place,  which  is  the  most  common  case,  the 
Tolume  of  the  compound  gas  always  bears  a  simple  ratio  to  thoTolumes  of 
its  elements;  and  subsequent  obserTation,  extended  oTer  aTery  large  num- 
ber of  compounds,  organic  as  well  as  inorganic,  has  shown  that,  with  a  few 
exceptions,  probably  only  apparent,  the  moUcuUt  of  wmpound  bodies  in  the 
gttteotu  tUUe  occupy  twice  the  volume  of  an  atom  of  hydrogen  gae.  No  matter 
what  may  be  the  number  of  atoms  or  yolumes  that  enter  into  the  compound, 
they  all  become  condensed  into  two  yolumes,  thus : 

1  Tol.  H  and  1  yol.  CI  form  2  vol.  HCl,  hydrochloric  acid. 

1  «•    N    **    1    **    O      "    2    "    NO,  nitrogen  dioxide. 

2  "    H    "    1    •»    O      «•    2    **    H,0,  water. 

8    "    H    «*    1    **    N      ♦*    2    •*    H3N,  ammonia. 

8    «    H    "    }    *<    P      «<    2    ••    HgP,  hydrogen  phosphide. 

Similarly  in  the  union  of  compound  gases,  e.  g. 

1  Tol.  ethyl,  C,Hg,  and  1  vol.  CI,  form  2  voL  C.H^Cl,      ethyl 

chloride. 


<( 


"    0 

M     2 

"   (C,Hj),0,    ethyl 
oxide. 

"   CI 

"    2 

"   CjH^Cl,,   ethene 
chloride. 

•«    0 

««    2 

"  CjH^O,     ethene 
oxide. 

2    «*    ethyl,  C,H^ 

2    "  ethene,  CjH^,    "    2 

2    «•  ethene,  CjH^,    •«    1 

Hence  it  follows  that  the  tpeeifie  gravity  of  any  compound  gae  or  vapor,  re- 
ferred to  hydrogen  ae  unity,  is  equal  to  half  its  atomic  or  molecular  weight. 

The  quotient  obtained  by  dividing  the  molecular  weight  of  a  body  by  its 
specific  gravity  is  called  its  Specific  or  Atomic  volume;  hence  the  law  just 
stated  may  also  be  thus  expressed :  The  specific  volumes  of  compound  gases  or 
vepors  referred  to  that  of  hydrogen  as  unity  are,  with  a  few  exceptions^  equal  to  2. 
We  shall  presently  show  that  the  same  law  applies  to  the  specific  volumes 
of  the  elementary  gases  themselves. 

For  many  years  past,  attempts  have  been  made  to  extend  to  solids  and  liquids 
the  results  of  Qay-Lussac's  discovery  of  the  law  of  gaseous  combination  by 
volame,  the  specific  volumes  of  the  bodies  in  question  being  determined  by 
the  method  pursued  in  the  case  of  gases  —  namely,  by  dividing  the  mole- 
eular  weight  by  the  specific  gravity.  The  numbers  obtained  in  this  manner, 
representing  the  specific  volumes  of  the  various  solid  and  liquid  elementary 
substances,  present  far  more  cases  of  discrepancy  than  of  agreement.  The 
latter  are,  however,  sufficiently  numerous  to  excite  great  interest  in  the  in- 
vestigation. Some  of  the  results  pointed  out  are  exceedingly  curious  as 
far  as  they  go,  but  are  not  as  yet  sufficient  to  justify  any  general  conclusion. 
The  inquiry  is  beset  with  many  great  difiBcuItios,  chiefly  arising  from  the 
DDeqnal  expansion  of  solids  and  liquids  by  beat,  and  the  great  differences 
of  physical  state,  and,  consequently,  of  specific  gravity,  often  presented  by 
the  former. 

THB  ATOMIC  THBORT. 

The  laws  of  chemical  combination,  and  the  relations  between  atomic  and 
equivalent  weights  above  explained,  are  the  result  of  pure  experimental  in- 
quiry, and  independent  of  all  hypothesis.  In  this,  however,  as  in  other 
branehes  of  science,  the  comprehension  of  experimental  results  may  be 
P^atly  facilitated  by  endeavoring  to  refer  them  to  a  general  law  or  mode  ^ 

of  tetion.     That  no  attempt  should  be  made  to  explain  the  manner  in  which  ^ 

20 
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chemical  compoands  are  formed,  and  to  point  out  the  nature  of  the  relationa 
between  the  different  modifications  of  matter  which  determine  chemical 
changes,  would,  indeed,  be  contrary  to  the  speculatiTe  tendency  of  the 
human  mind.  Such  an  attempt — and  a  very  ingenious  and  successful  one 
it  is  —  has,  in  fact,  been  made,  namely,  the  atomic  hypothesis  of  Dr.  Dalton. 

From  yery  ancient  times,  tiie  question  of  th«  constitution  of  matter  with 
respect  to  divisibility  has  been  debated,  some  adopting  the  opinion  that  this 
divisibility  is  infinite,  and  others,  that  when  the  particles  become  reduced 
to  a  certain  degree  of  tenuity,  far,  indeed,  beyond  any  state  that  can  be 
reached  by  mechanical  means,  they  cease  to  be  further  diminished  in  magni- 
tude; they  become,  in  short,  atoms.*  Now,  however  the  imagination  may 
succeed  in  figuring  to  itself  the  condition  of  matter  on  either  view,  it  is 
hardly  necessary  to  mention  that  we  have  absolutely  no  means  at  our  dis- 
posal  for  deciding  such  a  question,  which  remains  at  the  present  day  in  the 
same  state  as  when  it  first  engaged  the  attention  of  the  Greek  philosophers, 
or  perhaps  that  of  the  sages  of  Egypt  and  Hindostan  long  before  them. 

Dalton's  hypothesis  sets  out  by  assuming  the  existence  of  such  at-oms  or 
indivisible  particles,  and  states,  that  compounds  are  furmed  by  the  union  of 
atoms  of  different  bodies,  one  to  one,  one  to  two,  &o.  The  compound  atom, 
or  molecule,  joins  itself  in  the  same  manner  to  a  compound  atom  of  another 
kind,  and  a  combination  of  the  second  order  results.  Let  it  be  granted, 
further,  that  the  atoms  of  different  elements  have  different  weights,  fixed 
and  invariable  for  each,  and  the  hypothesis  becomes  capable  of  rendering 
consistent  and  satisfactory  reasons  for  all  the  observed  numerical  laws  of 
chemical  combination. 

Chemical  compounds  must  always  be  definite;  they  roust  always  contain 
the  same  number  of  atoms  of  the  same  kind  arrahged  in  a  similar  manner. 
The  same  kind  and  number  of  atoms  need  not,  however,  of  necessity  pro- 
duce the  same  substance,  for  they  may  be  differently  arranged ;  and  much 
depends  upon  this  circumstance. 

Again,  the  law  of  multiple  proportions  is  perfectly  well  explained.  One 
atom  of  carbon  unites  with  one  atom  of  oxygen  to  form  carbon  monoxide, 
and  with  two  atoms  to  form  carbon  dioxide ;  one  atom  of  sulphur  with  two 
and  three  atoms  of  oxygen  to  form  the  dioxide  and  trioxide  of  sulphur; 
one  atom  of  phosphorus  with  three  and  five  atoms  of  chlorine  to  form  the 
trichloride  and  pentachloride  of  phosphorus;  two  atoms  of  nitrogen  with 
one,  two,  three,  four  and  five  atoms  of  oxygen  to  form  the  five  oxides  already 
mentioned  (pp.  167,  220). 

The  atomic  hypothesis  likewise  affords  an  easy  explanation  of  the  manner 
in  which  bodies  replace  or  may  be  substituted  one  for  the  other.  Here, 
however,  we  come  upon  an  extension  of  the  original  Daltonian  hypothesis. 
It  was  formerly  supposed  that  when  one  element  replaced  another  in  com- 
bination, the  substitution  always  took  place  atom  for  atom ;  and  accordingly 
the  terms  '* atoms"  and  ** equivalent"  were  regarded  as  synonymous,  at 
least  so  far  as  numerical  value  was  concerned.  But,  according  to  the 
atomic  weights  now  adopted,  and  determined  by  the  considerations  above 
explained,  we  must  suppose  that  one  atom  of  an  element  may  take  the  place 
of  two,  three,  four  atoms,  &c.,  of  another.  It  is  only,  in  fact,  the  atoms 
of  monogenic  elements  that  can  replace  each  other  one  by  one :  an  atom 
of  a  polygenic  element,  on  the  other  hand,  always  takes  the  place  of,  or  is 
equivalent  to,  two  or  more  atoms  of  a  monogenic  element. 

This  difference  of  equivalent  or  saturating  power  is  often  denoted  by 
placing  dashes  or  Roman  numerals  to  the  right  of  the  symbol  of  an  ele- 
ment, and  at  the  top,  as  0^^,  B^^^,  C**,  &o. ;  and  the  several  elements  are 
designated  as 

•  'Aroffoc,  that  which  cannot  b«  cnt. 
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Univalent  elements, 

or  Monads, 

as  H 

Bivalent            <• 

Dyads 

«*  0'^ 

Triyalent          " 

Triads 

«  g/// 

Quadrivalent    <* 

Tetrads 

II  c*» 

Quinquivalent  << 

Pentads 

14     pv 

Sexvalent          •« 

Hexads 

II  YfH 

Elements  of  even  equivalency,  viz.,  the  dyads,  tetrads,  and  hexads,  are 
Also  included  under  the  general  term  arliadt,*  and  those  of  uneven  equiva- 
lency, viz.,  the  monads,  triads,  and  pentads,  are  designated  generally  as 
pfriMaada.-f 

Another  method  of  indicating  the  equivalent  values  of  the  elementary 
atoms,  and  the  manner  in  which  they  are  satisfied  by  combination,  is  to 
arrange  the  symbols  in  diagrams  in  which  each  element  is  connected  with 
others  by  a  number  of  lines,  or  connecting  bonds,  corresponding  to  its 
degree  of  equivalence ;  %  ^  monad  being  connected  with  other  elements  by 
only  one  such  bond,  a  triad  by  three,  a  hexad  by  six,  &o.,  as  in  the  follow- 
ing examples :  — 

Water,  OH, H— 0— H 

Carbon  dioxide,  CO, OssCasO 

CI 


Ammonium  chloride,  NH, 


H 
*H 


Bulpliurio  oxide,  SOg, 


Sulphuric  acid,  SO4H, 


0 

II 
S»0 

« 
0 

o 

II 


Nitric  acid,  NO^ 


Zinc  nitrate,  N,0«Zn 


O 

0 

II 

N— 0— H 

II 
O 

0  o 

II  II 

N— 0— Zn— O— N 

II  H 

0  0 


It  must  be  distinctly  understood  that  these  formulse — which  may  be  called 
wntUtutional  formula  —  are  not  intended  to  represent  the  actual  arrangement 

*  'ApTuSf  «T6ii.  f  Utptmr^Sf  nneycn. 

I  The  nymlKiIii  of  the  elements  In  these  diaginkms  are  often  enclosed  in  circles  to  represent  the 
ttoma,  with  rajs  diTer^nx  from  them  to  indicate  the  number  of  connecting  bonds ;  such  for- 
nu^«  are  called  graphic  formuln ;  bnt  the  circles  do  not  add  anything  to  the  clearness  of  the 
KprMcatation,  and  may  as  well  be  omitted.  For  lecture  and  class  illustration,  solid  diagrams 
w  eonstnicted,  with  wooden  balls  of  rarions  colors,  to  represent  the  atoms,  hurlng  holes  for 
Uw ioisrtloQ  of  oonnacting  rods;  these  representations  are  called  (fijfpUe/crmuUB, 
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of  the  atoms  in  a  compound ;  indeed,  eyen  if  we  had  a  distinct  notion  of 
the  manner  in  which  the  atoms  of  any  compound  are  arranged,  it  could  not 
be  adequately  represented  on  a  plane  surface.  The  lines  connecting  the 
different  atoms  indicate  nothing  more  than  the  number  of  units  of  equiva- 
lency belonging  to  the  several  atoms,  and  the  manner  in  which  they  are 
disposed  of  by  combination  with  those  of  other  atoms.  Thus  the  formula 
for  nitric  acid  indicates  that  two  of  the  three  constituent  oxygen-atoms  are 
combined  with  the  nitrogen  alone,  and  are  consequently  attached  to  that 
element  by  both  their  units  of  equivalency,  whereas  the  third  oxygen-atom 
is  combined  both  with  nitrogen  and  with  hydrogen. 

By  inspection  of  the  preceding  diagrams,  it  will  be  observed  that  every 
atom  of  a  compound  has  each  of  its  units  of  equivalency  satisfied  by  com- 
bination with  a  unit  belonging  to  some  other  atom.  Such,  indeed,  is  the 
case  in  every  saturated  or  normal  compound.  Accordingly,  it  is  found  that  in 
all  such  compounds  the  sum  of  the  perissad  elements  is  always  an  even  num- 
ber. Thus  a  compound  may  contain  two,  four,  six,  &c.,  monad  atoms,  as 
HCl,  OH,,  CH4,  CjHq,  C3H,,  SiHgCl;  or  one  monad  and  one  triad  atom,  as 
BCI3;  or  one  pentad  and  five  monads,  as  NH4CI;  but  never  an  uneven  num- 
ber of  perissad  atoms.  This  is  the  '*law  of  even  numbers"  announced 
some  years  ago  by  Gerhardt  and  Laurent  as  a  result  of  observation.  It 
was  long  received  with  doubt,  but  has  now  been  confirmed  by  the  analysis 
of  so  many  well-defined  compounds,  that  a  departure  from  it  is  looked  upon 
as  a  sure  indication  of  incorrect  analysis. 

For  a  similar  reason,  the  atoms  of  elementary  bodies  rarely  exist  in  the 
free  state,  but,  when  separated  from  any  compound,  tend  to  combine  with 
other  atoms,  either  of  the  same  or  of  some  other  element.  Perissad  ele- 
ments, like  hydrogen,  chlorine,  nitrogen,  /Slc,  separate  from  their  compounds 
in  pairs ;  their  molecule  contains  two  atoms,  e.  g.  H  — H.  Artiad  elements 
may  unite  in  groups  of  two,  three,  or  more ;  thus  the  molecule  of  oxygen, 
in  its  ordinary  state,  probably,  contains  two  atoms,  that  of  ozone  three 
atoms;  thus: 

Oxygen 0=:0 

Ozone 0  —  0 

\/ 

0 

The  tendency  of  elementary  atoms  to  separate  in  groups  is  shown  in 
various  ways.  Thus  when  copper  hydride,  CujH^  (to  be  hereafter  de- 
scribed), is  decomposed  by  hydrochloric  acid,  a  quantity  of  hydrogen  is 
given  on  equal  to  twice  that  which  is  contained  in  the  hydride  itself;  thus: 

'  Cu,H,  +  2HC1  =  Cu,Cl,  +  2HH. 

This  action  is  precisely  analogous  to  that  of  hydrochloric  acid  on  cuprous 
oxide : 

Cu,0  -f  2Ha  =  CUjCl,  -I-  OHj. 

In  the  latter  case,  the  hydrogen  separated  from  the  hydrochloric  acid 
unites  with  oxygen,  in  the  former  with  hydrogen.  Again,  when  solutions 
of  sulphurous  acid  and  sulph-hydric  acid  are  mixed,  the  whole  of  the  sul- 
phur is  precipitated : 

SO,Hj  -I-  2SH,  =  80H,  -f  S  S, 

the  action  being  similar  to  that  of  sulphurous  acid  on  selenhydric  acid: 

SOjHg  -I-  2SeH,  =  80H,  -f  S  Se,. 

In  the  one  case,  a  sulphide  of  selenium  is  precipitated;  in  the  other,  a 
sulphide  of  sulphur.     The  precipitation  of  iodine,  which  takes  place  on 
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mixing  hydriodio  acid  with  iodic  acid,  affords  a  siinilar  izutanoe  of  the 
combination  of  homogeneous  atoms: 

5IH        +    io,H    =  80H,  =      an 

Hjdriodic  acid.     Iodic  acid.     Water.     Free  iodine. 

Another  striking  illastration  of  this  mode  of  action  is  afforded  by  the  re- 
duction of  certain  metallic  oxides  by  hydrogen  dioxide.  When  silver  oxide 
\a  thrown  into  this  liquid,  water  is  formed ;  the  silver  is  reduced  to  the 
meuUic  state,  and  a  quantity  of  oxygen  is  eTolved  equal  to  twice  that  which 
is  contained  in  the  silver  oxide : 

OAg,     +      0,H,      =     OH,     +     Ag,     +      00 
Silver         Hydrogen        Water.        Silver.         Oxygen, 
oxide.  dioxide. 

Farther,  elementary  bodies  frequently  act  upon  others  as  if  their  atoms, 
were  associated  in  binary  groups.  Thus,  chlorine  acting  upon  potash 
forms  two  compounds,  the  chloride  and  hypochlorite  of  potassium  (p.  185) : 

ClCl  +  OKK  =  CIK  +  OCIK. 

Again,  in  the  action  of  chlorine  upon  many  organic  compounds,  one  atom 
of  chlorine  removes  one  atom  of  hydrogen  as  hydrochloric  acid,  while  an- 
other atom  of  chlorine  takes  the  place  of  the  hydrogen  thus  removed.  For 
example,  in  the  formation  of  chloracetic  acid  by  the  action  of  chorine  on 
acetic  acid : 

C1H4O,  +  ClCl  =  HCl  +  C,H,C10, 
Acetic  acid.  Chloracetic  acid. 

Similarly,  when  metallic  sulphides  oxidize  in  the  air,  both  the  metal  and 
the  sulphur  combine  with  oxygen ;  and  sulphur  acting  upon  potash  forms 
both  a  sulphide  and  a  hyposulphite.  In  all  these  cases  the  atoms  of  the 
elementary  bodies  act  in  pairs. 

On  the  supposition  that  the  molecules  of  elementary  bodies  in  the  gaseous 
state  are  made  up  of  two  atoms,  the  specific  volumes  of  these  gases  will 
come  under  the  same  law  as  that  which  applies  to  compounds  (p.  229) ;  and 
it  may  then  be  stated  generally,  that,  with  the  few  exceptions  already  no- 
ticed, the  tpeeifie  gravities  of  all  bodies^  simpU  and  compound^  m  the  ffoeeous 
state,  are  equal  to  half  their  molecular  weights ;  or  the  specific  volume  (the  quo- 
tients of  the  molecular  weight  by  the  specific  gravities)  are  equal  to  2. 

Vanation  of  Equivalency. — Multivalent  or  polygenic  elements  often  ex- 
hibit yarying  degrees  of  equivalency.     Thus  carbon,  which  is  quadrivalent 
in  marsh  gas,  CH^,  and  in  carbon  dioxide,  CO,,  is  only  bivalent  in  carbon 
monoxide,  CO ;  nitrogen,  which  is  quinquivalent  in  Bal-ammoniac>  NH^Cl, 
and  the  other  ammonium  salts,  and  in  nitrogen  pentolide,  N,Ofc,  is  trivalent 
m  ammonia,  NH,,  and  in  nitrogen  trioxide,  NjO^,  and  univalent  in  nitrogen 
monoxide,  N,0 ;  sulphur,  also,  which  is  Sexvalent  in  sulphur  trioxide,  SO,, 
IS  quftdrivalent  in  sulphur  dioxide,  SOj,  and  bivalent  in  hydrogen  sulphide, 
bfl,.  and  in  many  metallic  sulphides.     In  these  cases,  and  in  all  others  of 
Tarying  equivalency,  the  variation  always  takes  place  by  two  units  of 
eyiiTalency.     It  is  not  very  easy  to  account  for  these  variations ;  but  it  is 
obseryed  in  all  cases  that  the  compounds  in  which  the  equivalency  of  a  po- 
vg«nic  element  is  most  completely  satisfied  are  more  stable  than  the  others, 
and  that  the  latter  tend  to  pass  into  the  former  by  taking  up  the  required 
number  of  univalent  or  bivalent  atoms ;  thus,  carbon  monoxide,  CO,  easily 
wxM  up  another  atom  of  oxygen  to  form  the  dioxide,  CO, ;  nitrogen  tri- 
oxiae.Nj,0,,  is  readily  converted  into  the  pentoxide,  NjO^;  ammonia,  NH., 
ttnitei  readily  with  hydrochloric  acid  to  form  sal-ammoniac,  NH^Cl,  &c. 
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Similar  phenomena  are  exhibited  hj  many  organo-metalllo  bodies,  as  will 
be  explained  further  on. 

From  this  it  seems  most  probable  that  the  true  equivalency  or  atomicity 
of  a  polygenic  element  is  that  which  corresponds  with  the  maximum  num- 
ber of  monad  atoms  with  which  it  can  combine,  but  that  one  or  two  pairs 
of  its  units  of  equ'iTalency  may,  under  certain  circumstances,  remain  un- 
saturated. Whether  a  saturated  or  an  unsaturated  element  is  formed,  wiU 
depend  on  a  variety  of  conditions,  often  in  great  measure  on  the  relatire 
quantities  of  the  acting  substances.  Thus,  phosphorus,  which  is  a  pentad 
element,  forms  with  chlorine,  either  a  trichloride,  PClj,  or  a  pentachloride, 
PClf,  according  as  the  phosphorus  or  the  chlorine  is  in  excess  (p.  217).'*' 

In  compounds  containing  two  or  more  atoms  of  the  same  polygenic 
element,  one  or  more  units  of  equivalence  belonging  to^each  of  these  atoms 
may  be  neutralized  by  combination  with  those  of  another  atom  of  the  same 
kind,  so  that  the  element  in  question  will  appear  to  enter  into  the  compound 
with  less  than  its  normal  degree  of  equivalence.  Thus,  in  ethane,  or  di- 
methyl, C,Hf,  which  is  a  perfectly  stable  compound,  having  no  tendency  to 
take  up  an  additional  number  of  atoms  of  hydrogen  or  any  other  element, 
the  carbon  appears  to  be  trivalent  instead  of  quadrivalent ;  similarlj  In 
propane,  CgHg,  its  equivalence  appears  to  be  reduced  to  } ;  and  in  quartane 
or  diethyl,  C^Hjq,  to  {.  In  all  these  cases,  however,  the  diminution  of 
equivalent  value  m  the  carbon  atoms  is  only  apparent,  as  may  be  seen  from 
the  following  formulas : 


Sthuie. 

Propane. 

Qnartaae. 

H 

H 

H 

H    C— H 

H— C— H 

H— C— H 

1 
H— C— H 

H— 0— H 

H— C— H 

k 

H— C    H 

H— C~H 

k 

H— C— H 

y,  omitting  the  equivalent  marks  of  the  moi 

Ethane. 

Propane. 
CH, 

Onartane. 

CH, 

CH, 

CH, 

CH, 

CH, 

CH, 

CH, 
CH,. 

In  each  of  these  compounds,  every  carbon  atom,  except  the  two  outside 
ones,  has  two  of  its  units  of  equivalence  satisfied  by  combination  with  those 
cf  the  neighboring  carbon  atoms,  while  each  of  the  two  exterior  ones  has 
only  one  unit  thus  satisfied.  Hence  in  any  similarly  constituted  compound 
containing  n  carbon  atoms,  the  number  of  units  of  equivalence  remaining 
to  be  satisfied  by  the  hydrogen  atoms  is  4n  —  2{n  —  2)  —  2  =  2fi  ^  2. 
The  general  formula  of  this  series  of  hydrocarbons  is,  therefore,  C,H,,+„ 

and  the  equivalent  value  of  the  carbon  is  "^"t"  . 

n 
*  See  alio  Krlomieyer,  "Lehrbnch  der  organlschen  Chemie."    Leipilg  nod  HoidanMrb 
1887,  p.  41. 
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In  other  eases,  multiralent  atoms  majr  be  united  by  two  or  more  of  their 
units  of  eqaiTalence,  so  that  their  combining  power  may  appear  to  be  stiU 
farther  redaced,  as  in  the  hydrocarbon,  C^U^,  in  which  the  carbon  may  be 
apparently  biTalent,  and  in  C^H^  in  which  it  may  appear  to  be  uniTalent; 
thus: 

n         — — C^— H  C— H 

hXh  ILh. 

In  all  cases,  the  eqaiyalent  value  or  atomicity  of  an  element  must  be  de- 
termined by  the  number  of  monad  atoms  with  which  it  can  combine.  Of 
dyad  atoms,  indeed,  any  element  or  compound  may  take  up  an  indefinite 
number,  without  alteration  of  its  equivalence  or  combining  powers;  for 
each  dyad  atom,  possessing  two  units  of  equivalency,  neutralises  one  unit 
in  the  compound  which  it  enters,  and  introduces  another,  leaving,  therefore, 
the  equivalence  or  combining  power  of  the  compound  just  what  it  was  be- 
fore. Thus  potassium  forms  only  one  chloride,  KCl,  and  is,  therefore,  uni- 
valent or  monadic;  but  in  addition  to  the  oxide*  K,0,  corresponding  to 
thia  chloride,  it  likewise  forms  two  others,  vis.,  K|0,  and  K^O^,  in  the  former 
of  which  it  might  be  regarded  as  dyadic,  and  in  the  latter  as  tetradic ;  but 
the  manner  in  which  dyad  oxygen  enters  these  compounds  is  easily  seen 
by  inspection  of  the  following  diagrams: 


MoDozida 

Dioxide 

Tetrozide 

o<| 

0— K 

u 

0— K 

A 
A 
A-i. 

It  is  evident  that  any  number  of  oxygen-atoms  might,  in  like  manner,  be 
inserted  without  disturbing  the  balance  of  equivalency.  If,  indeed,  we 
turn  to  the  sulphides  of  potassium,  in  which  the  sulphur  is  dyadic,  like 
oxygen,  we  find  the  series,  K^,,  K,S^  ^^r  ^^v  ^^w  ^^^  constitution  of 
which  may  be  represented  in  a  precisely  similar  manner.  Hence  the  equi- 
valence of  any  element  must  be  determined  by  the  composition  of  its  chlo- 
rides, bromides,  iodides,  or  fluorides,  not  by  that  of  its  oxides  or  sulphides. 

Assuming  then  that  the  maximum  equivalence  of  a  polygenic  element  is 
that  which  represents  its  normal  mode  of  combination,  the  elementary 
bodies  may  be  classified  as  in  the  following  table,  in  which  the  names  of 
the  metalloids  are  printed  in  italics,  those  of  the  metals  in  Romsn  type,  and 
the  elements  are  further  divided  by  horizontal  lines  into  groups  consisting 
of  elements  closely  related  in  their  chemical  characters:  in  each  of  these 
groups  the  elements  are  arranged  in  the  order  of  their  atomic  weights,  be- 
ginning with  the  lowest.     (See  Table,  p.  226.) 

The  position  of  several  of  the  elements  in  this  arrangement  must  be  re- 
garded as  still  somewhat  doubtful.  Nitrogen,  photphorut^  artenie,  antimony, 
snd  bimnUhy  though  quinquivalent  in  a  considerable  number  of  compounds, 
fts  ammonium-ehloride,  NH^Cl,  phosphonus  pentachloride,  PCl^  etc.,  never- 
theless form  very  stable  compounds,  as  NH,.  AsCl,.  As,0|,  eto.,  in  which 
they  are  trivalent.  It  is  true  that  these  compounds  pass  with  tolerable 
fsoility  into  others  in  which  the  nitrogen,  phosphorus,  etc.,  are  quinqui- 
valent, and  these  laCter  show  no  disposition  to  attach  to  themselves  any 
additional  number  of  m<mad  atoms ;  but,  on  t  he  other  hand,  these  latter 
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compounds  do  not  appear  to  be  very  stable,  inasmuch  as  they  easily  split 
up,  when  volatilized,  in  such  a  manner  as  to  yield  compounds  of  the  triadic 


Mooadi. 

Dyads. 

1  1 

Triads. 

Tetrads. 

Pantads. 

ffiyniih 

Hydrogen 

Oxygen 

Boron 

Carbon 
Silicon 
Titanium 
Tin 

Nitrogen 

Phoepkortti 

Vanadium 

Arsenic 

Antimony 

Bismuth 

Su/pktir 

Selemum 

TeUvruim 

Fluorine 
Chlorine 

Calcium 

Strontium 

Barium 

Gold 

Bromine 
Iodine 

Thallium 

Chromium 
Molyb- 
denum 
Tiingateii 

Aluminium 
Zirconium 

Berylium 

Yttrium 

Lanthanum 

Didymium 

Erbium 

Thorinum 

TjitViT'itn 

Niobium 
Tantalum 

Sodium 
Potassium 
Rubidium 
Caesium 

Rhodium 

Ruthenium 

Palladium 

Platinum 

Iridium 

Osmium 

gUyer 

Magnesium 

Zinc 

Cadmium 

Lead 

Copper 
Meroury 

Manganese 

Iron 

Cobalt 

Nickel 

Cerium 

Indium 

Uranium 

class;    sal-ammoniac,  for  example,  into  hydrochloric  acid  and  ammonia, 
phosphorus  pentachloride  into  free  chlorine  and  the  trichloride  : 


NH.Cl         =r 
PClj  = 


HCl        4-        NH, 

CI,     4-      Pt;ii 


Irony  and  the  metals  which  follow  it  in  the  table,  are  sometimes  classed 
ashexads,  on  account  of  their  analogy  with  chromium,  which  is,  undoubtedly, 
hexadio,  inasmuch  as  it  forms  a  hoxtluoride,  CrF^.  Neither  of  these  metalss 
however,  is  known  to  form  any  well-defined  compounds  in  which  it  is  more 
than  quadrivalent.  Iron,  for  example,  is  bivalent  in  the  ferrous  salts,  as 
Fe^^CI.,  and  quadrivalent  in  the  ferric  compounds,  ferric  chloride,  Fe^CI^, 

FeClg 
being  constituted  in  the  manner  shown  by  the  formula  I       .     Manganese 

FeCl. 
is  inferred  to  be  a  hexad,  on  account  of  the  isomorphism  and  similarity  of 
composition  between  the  magnates  and  the  chromates :  but  the  isomorphism 
of  two  elements,  or  their  corresponding  compounds,  does  not  afford  decided 
proof  of  equal  equivalency,  for  the  fluoniobates  are  known  to  be  isomor- 
phous  with  the  fluosilicates  and  fluotitanates ;  and  yet  niobium  is  a  pentad 
element,  whereas  silicium  and  titanium  are  tetrads. 

Sulphur^  selenium,  and  tellurium^  are  usually  regarded  as  dyads,  on  account 
of  the  close  analogy  of  their  compounds  to  those  of  oxygen,  and  especially 
of  their  hydrogen  compounds,  SH,,  &c.,  to  water.  But  selenium  and  tel- 
lurium form  well-defined  tetrachlorides;  and  even  sulphur  tetrachloride, 
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SCl^t  though  it  hfts  not  been  obtained  in  the  free  state,  is  known  in  oombi- 
oation  with  metallic  chlorides.  Sulphur  has  also  lately  been  shown  to  form 
certain  organic  compounds  in  which  it  is  tetradic,  and  others  in  which  it 
appesra  to  be  hezadic*  Moreover,  the  chemical  relations  of  the  sulphates 
are  much  more  clearly  represented  by  formulsD,  in  which  sulphur  is  sup- 
posed to  be  hexadic  (like  that  given  for  sulphuric  acid  on  page  281),  than 
bj  formula  into  which  it  enters  as  a  dyad ;  and  similar  remarks  apply  to 
tlie  selenates  and  tellurates;  for  these  reasons,  sulphur,  selenium,  and 
telluriam,  are  most  conveniently  regarded  as  hexads,  though  they  sometimes 
enter  into  combination  as  tetrads,  .and  very  frequently  as  dyads. 

Compowtd  Radieals.  —  Suppose  one  or  more  of  the  component  atoms  of  a 
fully  saturated  molecule  to  be  removed :  it  is  clear  that  the  remaining  atom 
or  group  of  atoms  will  no  longer  be  saturated,  but  will  have  a  combining 
power  corresponding  to  the  number  of  units  of  equivalency  removed.  Such 
unsaturated  groups  are  called  rMidttes  or  radicaU,  Methane,  CH4,  is  a  fully 
satarated  compound;  but  if  one  of  its  hydrogen  atoms  be  removed,  the 
residue  CH,  (called  methyl)^  will  be  ready  to  combine  with  one  atom  of  a 
unirslent  element,  such  as  chlorine,  bromine,  &o.,  forming  the  compounds 
CHfCl,  GHf  Br,  &c. ;  two  atoms  of  it  unite  in  like  manner  with  one  atom  of 
oxjgen,  sulphur,  and  other  bivalent  elements,  forming  the  compounds 
0"(CH,)p  S'^rCHa),,  Ac. ;  three  atoms  with  nitrogen  yielding  N'''(CH,),.  &c. 
Tne  removal  of  two  hydrogen-atoms  from  CH4  leaves  the  bivalent  radical 
CH^  called  methene,  which  yields  the  compounus  CH^Cl,,  CHjO,  CH,S,  &e. 
The  removal  of  three  hydrogen  atoms  from  CH4  leaves  the  trivalent  radical 
CH,  which,  in  combination  with  three  chlorine-atoms,  constitutes  chloro- 
form, CHCn,.  And,  finally,  the  removal  of  all  four  hydrogen-atoms  from 
CH^  leaves  the  quadrivalent  radical  carbon  O",  capable  of  forming  the  com- 
pounds CCI4,  CS,,  &c. 

In  like  manner,  ammonia^  NH^,  in  which  the  nitrogen  is  trivalent,  yields, 
by  removal  of  one  hydrogen-atom,  the  univalent  radical  amidogm  NH,, 
which  with  one  atom  of  potassium  forms  potassamine,  NH,K,  and  when 
combined  with  one  atom  of  the  univalent  radical  methyl,  CH^  forms  methy- 
lamine,  NH,(CHg),  &c.  The  abstraction  of  two  hydrogen-atoms  from  the 
molecule  NH,,  leaves  the  bivalent  radical  imidogen,  NH,  which  with  two 
methyl-atoms  forms  dimethylamine,  NH(CH3)2,  &c. ;  and  the  removal  of  all 
three  hydrogen-atoms  from  NH,,  leaves  nitrogen  itself,  which  frequently 
sets  as  a  trivalent  element  or  radical,  forming  tripotassamine  NKg,  trime- 
thylamine  N(CH,)„  &c. 

Finally,  the  molecule  of  water ^  OH,,  by  losing  an  atom  of  hydrogen,  is 
converted  into  the  univalent  radical  hydroxyl,  OH,  which,  in  its  relations  to 
other  bodies,  is  analogous  to  chlorine,  bromine,  and  iodine,  and  may  be 
Bubstituted  in  combination  for  one  atom  of  hydrogen  or  other  monads. 
Thus,  water  itself  may  be  regarded  as  H.HO,  analogous  to  hydrochloric 
acid  HCl;  potassium  hydrate  as  K.HO,  analogous  to  potaRsium  chloride; 
barium  hydrate,  as  Ba''.(OH)y  analogous  to  barium  chloride  Ba^'Cl^ 

In  a  similar  manner,  the  univalent  radical,  potasaoxyl,  KO,  may  be  derived 
from  potassium  hydrate ;  the  bivalent  radical,  zineoxyl,  ZnO^  by  abstraction 
of  H^from  sine  hydrate,  Zn''H,0,.  The  essential  character  of  .these  oxy- 
genated radicals  is  that  each  of  the  oxygen  atoms  contained  in  them  is 
united  to  the  other  atoms  by  one  unit  of  equivalency  only,  so  that  the 
t^caliuM  necessarily  one  or  two  units  unconnected;  thus: 

Hydroxy  I H~0— 

Potassoxyl K — O — 

Zincoxyl 0 — Zn — 0 — 


•  Snlphnr  triethiodlde,  81^  (C|Hs).I 
Sulphur  diethene-dibromide,  S^  (CsH4/',Brt. 
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From  the  preceding  ezpl&nations  of  the  mode  of  deriration  of  eompovmd 
radicals,  it  is  clear  that  there  is  no  limit  to  the  number  of  them  ^nrhich  maj 
be  supposed  to  exist ;  in  fact,  it  is  only  necessary  to  suppose  a  number  of 
units  of  equivalency  abstracted  from  any  saturated  molecule,  In  order  to 
obtain  a  radical  of  corresponding  combining  power  or  equiraleni  ralue. 
But  unless  a  radical  can  be  supposed  to  enter  into  a  considerable  number 
of  compounds,  thus  forming  them  into  a  group  like  the  salts  of  the  same 
metal,  there^s  nothing  gained  in  point  of  simplicity  or  comprehensiTeness 
by  assuming  its  existence. 

It  must,  also,  be  distinctly  understood  that  these  compound  radicals  do 
not  necessarily  exist  in  the  separate  state,  and  that  those  of  uneTen  equi- 
valency, like  methyl,  cannot  exist  in  that  state,  their  molecules,  if  liberated 
from  combination  with  others,  always  doubling  themselves,  as  we  have  seea 
to  be  the  case  with  most  of  the  elementary  bodies.  Thus  hydroxyl  — O — ^H 
is  not  known  in  the  free  state,  the  actually  existing  compound  containing 
the  same  proportions  of  hydrogen  and  oxygen,  being  0,Hj  or  H — O — O — ^H. 
In  like  manner,  methyl,  CH3,  has  no  separate  existence,  but  dimethyl 
C^H^  is  a  known  compound : 

MethyL  IMmttthyl. 

H  H 

H— C— H  H— C— H 

H— C— H 
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CHEMICAL  AFFimr. 

THE  term  chemical  affinity,  or  chemical  attraction,  has  been  inyented  to 
describe  that  particular  power  or  force,  in  yirtue  of  which,  union,  often 
of  a  Tery  intimate  and  permanent  nature,  takes  place  between  two  or  more 
bodies,  in  such  a  way  as  to  give  rise  to  a  new  substance,  having,  for  the 
most  part,  properties  completely  in  discordance  with  those  of  its  components. 
The  attraction  thus  exerted  between  different  kinds  of  matter  is  to  be 
distinguished  from  other  modifications  of  attractive  force  which  are  exerted 
indiscriminately  between  all  descriptions  of  substances,  sometimes  at  enor- 
mous distances,  sometimes  at  intervals  quite  inappreciable.  Examples  of 
the  latter  are  to  be  seen  in  eases  of  what  is  called  cohesion^  when  the  par- 
ticles of  solid  bodies  are  immovably  bound  together  into  a  mass.  Then,  there 
are  other  effects  of,  if  possible,  a  still  more  obscure  kind ;  such  as  the  various 
Actions  of  surface,  the  adhesion  of  certain  liquids  to  glass,  the  repulsion 
of  others,  the  ascent  of  water  in  narrow  tubes,  and  a  multitude  of  curious 
phenomena  which  are  described  in  works  on  Natural  Philosophy,  under  the 
head  of  molecular  aetiona.  From  all  these,  true  chemical  attraction  may  be 
\i  once  distinguished  by  the  deep  and  complete  change  of  characters  which 
follows  its  exertion :  we  might  define  affinity  to  be  a  force  by  which  new 
substances  are  generated. 

It  seems  to  be  a  general  law  that  bodies  most  opposed  to  each  other  in 
chemical  properties  evince  the  greatest  tendency  to  enter  into  combination ; 
snd,  conversely,  bodies  between  which  strong  analogies  and  resemblances 
can  be  traced  manifest  a  much  smaller  amount  of  mutual  attraction.  For 
example,  hydrogen  and  the  metals  tend  very  strongly  indeed  to  combine 
vith  oxygen,  chlorine,  and  iodine,  but  the  attraction  between  the  different 
members  of  these  two  groups  is  incomparably  more  feeble.  Sulphur  and 
phosphorus  stand,  as  it  were,  midway :  they  combine  with  substances  of 
one  and  the  other  class,  their  properties  separating  them  sufficiently  from 
both.  Acids  are  drawn  towards  alkalies,  and  alkalies  towards  acids,  while 
anion  among  themselves  rarely  if  ever  takes  place. 

Nevertheless,  chemical  combination  graduates  so  imperceptibly  into  mere 
mechanical  mixture,  that  it  is  often  impossible  to  mark  the  limit.  Solution 
is  the  result  of  a  weak  kind  of  affinity  existing  between  the  substance  dis- 
soWed  and  the  solvent  —  an  affinity  so  feeble  as  completely  to  lose  one  of 
its  most  prominent  features  when  in  a  more  exalted  condition  —  namely, 
power  of  causing  elevation  of  temperature ;  for  in  the  act  of  mere  solution, 
the  temperature  falls,  the  heat  of  combination  being  lost  and  overpowered 
by  the  effects  of  change  of  state. 

The  force  of  chemical  attraction  thus  varies  greatly  with  the  nature  of 
the  sabstances  between  which  it  is  exerted ;  it  is  influenced,  moreover,  to  a 
^sry  large  extent,  by  external  or  adventitious   circumstances.     An   idea 
formerly  prevailed  that  the  relations  of  affinity  were  fixed  and  constant 
between  the  same  substances,  and  great  pains  were  taken  in  the  prepara- 
tion of  tables  exhibiting  what  was  called  the  precedence  of  affinities.     The 
order  pointed  out  in  these  lists  is  now  acknowledged  to  represent  the  order 
^^^^^ii^tnce  for  tke  eircumetaneee  under  which  the  experiments  were  made, 
but  nothing  more;  so  soon  as  these  circumstances  become  changed,  the 
order  is  disturbed.     The  ultimate  effect,  indeed,  is  not  the  result  of  the  ex- 
ercise of  one  single  force,  but  rather  the  joint  effect  of  a  number,  so  com- 
plicated and  so  variable  in  intensity,  that  it  is  but  seldom  possible  to  pre- 
dict the  consequences  of  any  yet  untried  experiment. 
It  will  be  proper  to  examine  shortly  some  of  these  extraneous  causes  to 

280 


240  CHEMICAL  AFFINITY. 

which  allusion  has  been  made,  which  modify  to  so  great  an  extent  tlie  direct 
and  original  effects  of  the  specific  attractive  force. 

Alteration  of  temperature  may  be  reckoned  among  these.  When  metallic 
mercury  is  heated  nearly  to  its  boiling*point,  and  in  that  stat«  exposed  for 
a  lengthened  period  to  the  air,  it  absorbs  oxygen,  and  becomes  couTerted 
into  a  dark-red  crystalline  powder.  This  yery  same  substance,  irhen  r&ised 
to  a  still  higher  temperature,  separates  spontaneously  into  metallic  mercury 
and  oxygen  gas.  It  may  be  said,  and  probably  with  truth,  that  the  latter 
change  is  greatly  aided  by  the  tendency  of  the  metal  to  assume  the  raporous 
state ;  but  precisely  the  same  fact  is  observed  with  another  metal,  palladiuzn. 
which  is  not  volatile,  excepting  at  extremely  high  temperatures,  but  which 
oxidizes  superficially  at  a  red  heat,  and  again  becomes  reduced  when  the 
temperature  rises  to  whiteness. 

Insolubility  and  the  power  of  vaporization  are  perhaps,  beyond  all  other 
disturbing  causes,  the  most  potent;  they  interfere  in  almost  every  reaction 
which  takes  place,  and  very  frequently  turn  the  scale  when  the  opposed  forces 
do  not  greatly  differ  in  energy.  It  is  easy  to  give  examples.  When  a  solu- 
tion of  calcium  chloride  is  mixed  with  a  solution  of  ammonium  carbonate, 
double  interchange  ensues,  calcium  carbonate  and  ammonium  chloride  being 
generated:— CaCl,  +  CO,  (NH^),  =s  CO.Ca  4-  2NH4CI.  Here  the  action 
can  be  shown  to  be  in  a  great  measure  oetermined  by  the  insolubility  of 
the  calcium  carbonate.  Again,  when  dry  calcium  carbonate  is  powdered  and 
mixed  with  ammonium  chloride,  and  the  whole  heated  in  a  retort,  a  subli- 
mate of  ammonium  carbonate  is  formed,  while  calcium  chloride  remains 
behind.  In  this  instance,  it  is  no  doubt  the  great  volatility  of  the  new  am- 
moniacal  salt  which  chiefly  determines  the  kind  of  decomposition. 

When  iron  filings  are  heated  to  redness  in  a  porcelain  tube,  and  vapor  of 
water  passed  over  them,  the  water  undergoes  decomposition  with  the  utmost 
facility,  hydrogen  being  rapidly  disengaged,  and  the  iron  converted  into 
oxide.  On  the  other  hand,  oxide  of  iron,  heated  in  a  tube  through  which 
a  stream  of  dry  hydrogen  is  passed,  suffers  almost  instantaneous  reduction 
to  the  metallic  state,  while  the  vapor  of  water,  carried  forward  by  the 
current  of  gas,  escapes  as  a  jet  of  steam  from  the  extremity  of  the  tube. 
In  these  experiments  the  affinities  between  the  iron  and  oxygen  and  the 
hydrogen  and  oxygen  are  so  nearly  balanced,  that  the  difference  of  a/mos- 
phere  is  sufficient  to  settle  the  point.  An  atmosphere  of  steam  offers  little 
resistance  to  the  escape  of  hydrogen;  an  atmosphere  of  hydrogen  bears 
the  same  relation  to  steam ;  and  this  apparently  trifling  difference  of  circum- 
stances is  quite  enough  for  the  purpose. 

The  decomposition  of  vapor  of  water  by  white-hot  platinum,  pointed  out 
by  Mr.  Grove,  will  probably  be  referred  in  great  part  to  this  influence  of 
atmosphere,  the  steam  offering  great  facilities  for  the  assumption  of  the 
elastic  condition  by  the  oxygen  and  hydrogen.  The  decomposition  cea^e5< 
as  soon  as  these  gases  amount  to  about  y^VrrOf  the  bulk  of  the  mixture,  and 
can  only  be  renewed  by  their  withdrawal.  The  attraction  of  oxygen  for 
hydrogen  is  probably  much  weakened  by  the  very  high  temperature-  The 
recombination  of  the  gases  by  the  heated  metal  is  rendered  impossible  by 
their  state  of  dilution. 

What  is  called  the  nascent  state  is  one  very  favorable  to  chemical  com- 
bination. Thus,  nitrogen  refuses  to  combine  with  gaseous  hydrogen;  yet 
when  these  substances  are  simultaneously  liberated  from  some  previous 
combination,  they  unite  with  great  ease,  as  when  organic  matters  are  de- 
stroyed by  heat,  or  by  spontaneous  putrefactive  change. 

There  is  a  remarkable,  and,  at  the  same  time,  very  extensive  class  of 
actions,  grouped  together  under  the  general  title  of  cases  of  dispo%ing  af- 
finity. Metallic  silver  does  not  oxidize  at  any  temperature:  nay,  more, 
its  oxide  is  easily  decomposed  by  simple  heat;  yet  if  the  finely  divided 
metal  be  mixed  with  siliceous  matter  and  alkali,  and  ignited,  the  whole 
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fa««s  to  a  jellow  transparent  glass  of  silrer  silicate.  Platinum  is  attacked 
bj  fused  poCABsium  hydrate,  hydrogen  being  probably  disengaged  while 
the  metal  is  oxidized :  this  is  an  effect  which  ncTcr  happens  to  silver  under 
the  ssme  circumstances,  although  siWer  is  a  much  more  oxidable  substance 
than  platinum.  The  fact  is,  that  potash  forms  with  the  oxide  of  the  last- 
named  metal  a  kind  of  saline  compound,  in  which  the  platinum  oxide  acts 
as  an  acid ;  and  hence  its  formation  under  the  dUponng  intluenoe  of  the 
powerful  base. 

In  the  remarkable  decompositions  suffered  by  rarious  organic  bodies 
when  heated  in  contact  with  caustic  alkali  or  lime,  we  have  other  examples 
of  the  same  fact.  Products  are  generated  which  are  never  formed  in  the 
ab:»ence  of  the  base;  the  reaction  is  invariably  less  complicated,  and  it^ 
results  few  in  number  and  more  definite,  than  in  the  event  of  simple  de- 
struction by  a  graduated  heat. 

There  is  yet  a  still  more  obscure  class  of  phenomena,  called  catalysis^  in 
which  effects  are  brought  about  by  the  mere  presence  of  a  substance  which 
itself  undergoes  no  perceptible  change:  the  experiment  mentioned  in  the 
chapter  on  oxygen,  in  which  that  gas  is  obtained,  with  the  greatest  facility, 
by  heating  a  mixture  of  potassium  chlorate  and  manganese  dioxide,  is  an 
excellent  case  in  point.     The  salt  is  decomposed  at  a  very  far  lower  tem- 
perature than  would  otherwise  be  required,  and  yet  the  manganese  oxide 
does  not  appear  to  undergo  any  alteration,  being  found  after  the  experi- 
ment in  the  same  state  as  before.     It  may,  however,  undergo  a  temporary 
alteration.     We  know,  indeed,  that  this  oxide  is  capable  of  taking  up  an 
additional  proportion  of  oxygen  and  forming  manganic  acid;  and  it  is 
quite  possible  that  in  the  reaction  just  considered  it  may  actually  take 
oxygen  from   the   potassium  chlorate,  and  pass  to  the  state  of  a  higher 
oxide,  which,  however,  is  immediately  decomposed,  the  additional  oxygen 
being  evolved,  and  the  manganese-oxide  returning  to  its  original  state. 
The  same  effect  in  facilitating  the  decomposition  of  the  chlorate  is  produced 
by  capric  oxide,  ferric  oxide,  and  lead  oxide,  all  of  which  are  known  to 
be  susceptible  of  higher  oxidation      The  oxides  of  zinc  and  magnesium, 
on  the  contrary,  which  do  not  form  higher  oxides,  are  not  found  to  facili- 
tate the  decomposition  of  the  chlorate ;  neither  is  any  such  effect  produced 
by  mixing  the  salt  with  other  pulverulent  substances,  such  as  pounded 
glass  or  pure  silica. 

The  sO'Called  catalytic  actions  are  often  mixed  up  with  other  effects 
which  are  much  more  intelligible,  as  the  action  of  finely  divided  platinum 
on  certain  gaseous  mixtures,  in  which  the  solid  appears  to  condense  the 
gas  apon  its  greatly  extended  surface,  and  thereby  to  induce  combination 
by  bringing  the  particles  within  the  sphere  of  their  mutual  attractions. 

Relatioru  of  Heat  to  Chemical  Affinitt/.  — Whatever  may  be  the  real  nature 
of  chemical  affinity,  one  most  important  fact  is  clearly  established   with 
regard  to  it;  namely,  that  its  manifestations  are  always  accompanied  by 
the  production  or  annihilation  of  heat.     Change  of  composition,  or  chem- 
ical action,  and  heat  are  mutually  convertible :  a  given  amount  of  chemical 
action  will  give  rise  to  a  certain  definite  amount  of  heat,  which  quantity 
of  heat  must  be  directly  or  indirectly  expended,  in  order  to  reverse  or 
Dado  the  chemical  action  that  has  produced  it.     The  production  of  heat  by 
ebemical  action,  and  the  definite  quantitative  relation  between  the  amount 
of  heat  evolved  and  the  quantity  of  chemical  action  which  takes  place,  are 
roughly  indicated  by  the  facts  of  our  most  familiar  experience ;  thus,  for 
instance,  the  only  practically  important  method  of  producing  heat  arti- 
ficially consists  in  changing  the  elements  of  wood  and  coal,  together  with 
atmofipheric  oxygen,  into  carbon  dioxide  and  water;  and  every  one  knows 
that  the  heat  which  can  be  thus  obtained  from  a  given  quantity  of  coal  is 
^ited,  and  is,  at  least  approximately,  always  the  same. 
21 
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The  accurate  measurement  of  the  quantity  of  heat  produced  by  m  gxTeu 
amount  of  chemical  action  is  a  problem  of  very  great  difficulty;  chiefly 
because  chemical  changes  very  seldom  take  place  alone,  but  are  almce^t 
always  accompanied  by  physical  changes  involving  further  calorimctric 
effects,  each  of  which  requires  to  be  accurately  me>asurcd  and  allowed  for, 
before  the  effect  due  to  the  chemical  action  c>in  be  rightly  estimated.  Thus 
the  ultimate  result  has,  in  most  cases,  to  be  deduced  from  a  great  number 
of  independent  measurements,  each  of  which  is  liable  to  a  certain  amount 
of  error.  It  is  therefore  not  surprising  that  the  results  of  various  experi- 
ments should  differ  to  a  comparatively  great  extent,  and  that  some  uncer- 
tainty should  still  exist  as  to  the  exact  quantity  of  heat  corresponding  to 
even  the  simplest  cases  of  chemical  action. 

The  experiments  are  made  by  enclosing  the  acting  substances  in  a  ressel 
called  a  calorimeter,  surrounded  by  water  or  mercury,  the  rise  of  tempera- 
ture in  which  indicates  the  quantity  of  heat  evolved  by  the  chemic«l  action, 
after  the  necessary  corrections  have  been  made  for  the  heM  absorbed  by  the 
containing  vessel  and  the  other  parts  of  the  apparatus,  and  for  the  amount 
lost  by  radiation,  &c.  Combustions  in  oxygen  and  chlorine  are  made  in  a 
copper  vessel  surrounded  by  water ;  the  hent  evolved  by  the  mutual  action  of 
liquids  or  dissolved  substances  is  estimated  by  means  of  a  smaller  calorimeter 
containing  mercury.  The  construction  of  these  instruments  and  the  methods 
of  observation  involve  details  which  are  beyond  the  limits  of  this  work.* 

The  following  table  gives  the  quantities  of  heat,  expressed  in  heat-unit8,f  . 
evolved  in  the  combustion  of  various  elements,  and  a  few  compounds,  in 
oxygen,  referred:  (1)  to  1  gram  of  each  substance  burned;  (2)  to  1  gram 
of  oxygen  consumed ;  (8)  to  one  atom  or  molecule  (expressed  in  grama)  of 
the  various  substances :  — 

ffeat  of  Combustion  of  Elementary  Subttanees  in  Oxygen. 


Units  of  heat  evolved 

ft 

Substance. 

Product. 

1 

by  1  grm.  of  by  1  gram 

by  1  at.  of 

Obaerver. 

■abiuiooe. 

• 

or oxygen. 

■ubaunoc. 

Hydrogen    .     .     . 

OH, 

/  88881 
\  34462 

4286 
4308 

63881 
64462 

Andrews. 

Favre  &  Silbermann. 

Carbon : 

Wood-charcoal 

CO, 

f7900 
\8080 

2962 
3030 

94800 
96960 

Andrews. 

Favre  &  Silbermann. 

Gas  retort  carbon 

«( 

8047 

3018 

96604 

4f                                          (( 

Native  graphite 

t( 

7797 

2924 

93664 

<(                                          i« 

Artificial  graphite 

»« 

7762 

2911 

93144 

it                                         (t 

Diamond    .     .     . 

(( 

7770 

2914 

93940 

((                                          «( 

Sulphur: 

Native  .... 

SO, 

2220 

2220 

71040 

«                                          «( 

Recently  melted . 

«» 

2260 

22G0 

72320 

(t                     <c 

Flowers      .     ,     . 

f( 

2307 

2307 

73821 

Andrews. 

Phosphorus : 

(Yellow)    .     .     . 

PA 

6747 

4454 

178167 

« 

Zinc 

ZnO 

1330 

6390 

86460 

« 

Iron 

FP3O, 

1682 

4153 

88692 

« 

Tin 

SnO.^ 

1147 

4230 

186360 

<< 

Copper    .... 

CuO 

603     2394  1 

38304 

K 

•  See  Miller'i  Chemical  Physics,  pp.  338,  ft  sea.,  and  Watts's  Dictionary  of  Chemistry,  iii. 
28, 103. 

t  The  unit  of  heat  here  adopted,  is  the  quantity  of  heat  required  to  raise  1  cram  of  water 
fh>mOOtoloC. 
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The  following  results  have  been  obtained  by  the  complete  combustion  of 
partiallj  oxidized  substances : 


• 

Prodnct. 

Units  of  heat  evolved 

Sabstance. 

by  1  gnn. 
of  sub* 
■taaoe. 

Id  rormation  of 
1  molecale  of  ihe 
ulUnukM  produot. 

Obienra:. 

Carbon  monoxide,  CO 

Stannous  oxide,  SnO 
C aprons  oxide,  Cu^O 

CO, 

SnOg 
CuO 

/2403 

\2431 

619 

250 

67284 
68004 
69584 
18304 

Favre  &  Silbermann. 
Andrews. 

(4 

The  last  three  substances  in  this  tabic  contain  exactly  half  as  much 
oxygen  as  the  completely  oxidized  products ;  and  on  comparing  the  amount 
of  beat  evoWed  in  the  formation  of  one  molecule  of  stannic  or  cupric  oxide 
from  the  corresponding  lower  oxide,  with  the  quantity  produced  when  a 
molecule  of  the  same  product  is  formed  by  the  complete  oxidation  of  the 
metal  in  one  operation,  we  find  that  the  combination  of  the  second  half  of 
the  oxygen  contained  in  these  bodies  eTolves  sensibly  half  as  much  as* the 
combination  of  the  whole  quantity.  In  the  formation  of  carbon  dioxide, 
howeTer,  the  second  half  of  the  oxygen  appears  to  develop  more  than  two 
thirds  of  the  total  amount  of  heat;  but  this  result  is  probably  due,  in  part 
at  least,  to  the  fact  that  when  carbon  is  burned  into  carbon  dioxide,  a  con- 
siderable but  unknown  quantity  of  heat  is  expended  in  converting  the  solid 
carbon  into  gas,  and  thus  escape  measurement ;  while,  in  carbon  monoxide, 
the  carbon  already  exists  in  the  gaseous  form,  and  therefore  no  portion  of 
the  heat  evolved  in  the  combustion  of  this  substance  is  similarly  expended 
in  producing  a  change  of  state. 

It  seems  probable,  also,  that  a  similar  explanation  may  be  given  of  the 
inequalities  in  the  quantities  of  heat  produced  by  the  combustion  of  differ- 
ent varieties  of  pure  carbon  and  of  sulphur  —  that  is  to  say,  that  a  portion 
of  the  heat  generated  by  the  combustion  of  diamond  and  graphite  goes  to 
assimilate  their  molecular  condition  to  that  of  wood-charcoal,  and  that  there 
is  an  analogous  expenditure  of  heat  in  the  combustion  of  native  sulphur. 

Cormbtutions  in  Chlorine,  and  Direct  Combination  of  Chlorine^  Bromine,  and 
Iodine  viih  other  Element*.  —  The  following  table  gives  the  quantities  of  heat 
evolved  by  the  direct  union  of  various  elements  with  gaseous  chlorine  .* 


Prodnct. 

Units  of  heat  evolved 

Sabstance. 

by  1  gram 
of  sub- 
stance. 

by  1  grm. 

of 
chlorine. 

by  1  at.  (=  35-5 
grams)  of 
chlorine. 

Observer. 

f 24087 
i  23783 

678 

24087 

Abria. 

Hydrogen    . 

HCl 

670 

23783 

r  Favrc  & 
\  Silbermann. 

Phosphorus 

PClg  (?) 

3422  (?) 

607 

21548 

Andrews. 

Potassium    . 

KCl 

26.55 

2948 

104476 

Iron    .     .     . 

Fe,Cle 

1745 

921 

32695 

Zinc    .     .  ■  . 

ZnCl, 

1529 

1427 

60658 

Tin      .     .     . 

SnCl^ 

1079 

897 

31722 

Arsenic   .     . 

AsCl. 

994 

704 

24992 

Copper    .     . 

CuCL 

961 

869 

30494  • 

Antimony     . 
Mercnry 

8bCl, 

707 
? 

860 
822 

30491 
29181 
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The  heat  evoWed  by  the  direct  union  of  bromine  and  iodine  with  sine 
and  iron  has  also  been  determined  by  Andrews :  the  results  obtained 
given  in  the  next  table : 


MetaL 


ProducL 


Units  of  heat  erolred 


by  1  gram 
of  metal. 


by  1  gram  nf 

Ijroniiuo  or 

iodine. 


by  1  atom  of  bromiiM 
or  iodine. 


Bromine, 


Iodine, 


26617 
8046 


Reactions  in  Presence  of  Water.  —  The  thermal  effects  which  may  result 
from  the  reaction  of  different  substances  on  one  another  in  presence  of 
water,  are  more  complicated  than  those  resulting  from  direct  combination. 
In  addition  to  the  different  specific  heats  of  the  reagents  and  products,  and 
to  the  different  quantities  of  heat  absorbed  by  them  in  dissoWing.  or  given 
out  by  them  in  combining  with  water,  the  conversion  of  soluble  substances 
into  insoluble  ones,  as  a  consequence  of  the  chemical  action,  or  the  inverse 
change  of  insoluble  into  soluble  bodies,  are  among  the  secondary  causes  to 
which  part  of  the  calorimetrio  effect  may  be  due  in  these  CAses. 

When  a  gas  dissolves  in  water,  the  heat  due  to  the  chemical  action  is 
augmented  by  that  due  to  the  liquefaction  of  the  gas ;  so  also  when  a  solid 
body  is  disijolved  in  water,  the  total  thermal  effect  is  due  in  part  to  the 
chemical  action  taking  place  between  the  water  and  the  solid,  and  in  part 
to  the  liquefaction  of  the  substance  dissolved.  In  the  former  cases  the 
chemical  and  physical  parts  of  the  phenomenon  both  cause  evolution  of  heat; 
in  the  latter  case  the  physical  change  occasions  disappearance  of  beat,  and 
if  this  effect  is  greater  than  that  due  to  the  chemical  action,  the  ultimate 
effect  is  the  production  of  cold,  and  it  is  this  which  is  generally  observed. 

Cold  produced  by  Chemical  Decomposition.  —  It  is  highly  probable  that  the 
thermal  effect  of  the  revcrval  of  a  given  chemical  action  is  in  all  cases  equal 
and  opposite  to  the  thermal  effect  of  that  action  itself.  A  direct  conse- 
quence of  this  proposition  is  that  the  separation  of  any  two  bodies  is  attended 
with  the  absorption  of  a  quantity  of  heat  equal  to  that  which  is  evolved  in  their 
combination.  The  truth  of  this  deduction  has  been  experimentally  estab- 
lished  in  various  cases,  by  Wood,*  Joule,f  and  Favre  and  Silberniann,  by  com- 
paring the  heat  evolved  in  the  electrolysis  of  dilute  sulphuric  acid,  or  solu- 
tions of  metallic  salts,  with  that  which  is  developed  in  a  thin  metallic  wire 
by  a  current  of  the  same  strength ;  also  by  comparison  of  the  heat  evolved 
in  processes  of  combination  accompanied  by  simultaneous  decomposition, 
with  that  evolved  when  the  same  combination  occurs  between  free  elements. 

By  determining  the  heat  evolved  when  different  metals  were  dissolved  in 
water  or  dilute  acid.  Wood  found  that  it  was  less  than  that  which  would  be 
produced  by  the  direct  oxidation  of  the  same  metals,  by  a  quantity  equal 
to  that  which  would  be  obtained  by  burning  the  hydrogen  set  free,  or 
which  was  expended  in  decomposing  the  water  or  acid :  and,  therefore, 
that  when  this  latter  quantity  was  added  to  the  results,  they  agreed  with 
the  numbers  given  by  experiments  of  direct  oxidation. 

•  Phil.  Mag.  [4] II.  368;  iv.  870.  tIbid.m.4SL 
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SLECIBO-CHEiaCAL  DECOHFOSmOlT ;  CHEHSTBT  OF  THE  VOLTAIC 

PILE. 

When  a  Toltaic  current  of  considerable  power  w  made  to  traverse  yarious 
compound  liquids,  a  separation  of  the  elements  of  these  liquids  ensues; 
proTided  that  the  liquid  be  capable  of  conducting  the  current,  its  decom> 
position  almost  always  follows. 

The  elements  are  disengaged  solely  at  the  limiting  surfaces  of  the  liquid, 
where,  according  to  the  common  mode  of  speech,  the  current  enters  and 
leaves  the  latter,  all  the  intermediate  portions  appearing  perfectly  quies- 
cent. In  addition,  the  elements  are.  not  separated  indifferently  and  at 
random  at  these  two  surfaces;  but,  on  the  contrary,  make  their  appear- 
ance with  perfect  uniformity  and  constancy  at  one  or  the  other,  according 
to  their  chemical  character — namely,  oxygen,  chlorine,  iodine,  acids,  &c., 
&t  the  surface  connected  with  the  copper^  or  positive  end  of  the  battery; 
hydrogen,  the  metals,  &c.,  at  the  surface  in  connection  with  the  zine  or 
fuyativt  extremity  of  the  arrangement. 

The  terminations  of  the  battery  itself — usually,  but  by  no  means  neces- 
Mnly,  of  metal  —  are  designated  poles  or  eleetrodea*  as  by  their  interven- 
tion the  liquid  to  be  experimented  on  is  made  a  part  of  the  circuit.  The 
process  of  decomposition  by  the  current  is  called  elecfrolysis.-f  and  the 
li«4uids,  which,  when  thus  treated,  yield  up  their  elements,  are  denomi- 
nated elrrtrolytet. 

When  a  pair  of  platinum  plates  arc  plunged  into  a  glass  of  water  to 
vhich  a  few  drops  of  oil  of  vitriol  have  been  added,  and  the  plates  con- 
necte<l  by  wires  with  the  extremities  of  an  active  battery,  oxygen  is  disen- 
gaged at  the  positive  (-Icctrode,  and  hydrogen  at  the  negative,  in  the  pro- 
portion of  one  measure  of  the  former  to  two  of  the  latter  nearly.  This 
experiment  has  before  been  described.  J 

A  solution  of  hydrochloric  acid  mixed  with  a  little  Saxon  blue  (indigo), 
and  treated  in  the  same  manner,  yields  hydrogen  on  the  negative  side  and 
chlorine  on  the  positive,  the  indigo  there  becoming  bleached. 

Potassium  iodide  dissolved  in  water  is  decomposed  in  a  similar  manner : 
the  free  iodine  at  the  positive  side  can  be  recognized  by  its  brown  color, 
or  by  the  addition  of  a  little  gelatinous  starch. 

All  liquids  are  not  electrolytes;  many  refuse  to  conduct,  and  no  decom- 

po'iition  can  then  occur;  alcohol,  ether,  numerous  essential  oils,  and  other 

products  of  organic  chemistry,  besides  a  few  saline  inorganic  compounds, 

act  in  this  manner,  and  completely  arrest  the  current  of  a  powerful  battery. 

One  of  the  most  important  and  indispensable  conditions  of  electrolysis  is 

fluidity:  bodies  which,  when  reduced  to  the  liquid  state,  conduct  freely, 

and  08  freely  suffer  decomposition,  become  absolute  insulators  to  the  elec- 

Iricity  of  the  battery  when  they  become  solid.     Lead  chloride  offers  a 

good  illustration  of  this  fact:  when  fused  in  a  porcelain  crucible,  it  gives 

up  its  elements  with   the  utmost  ease,  and  a   galvanometer,  interposed 

eomewhere  in  the  circuit,  is  strongly  affected.     But  when  the  source  of 

heat  is  withdrawn,  and  the  salt  suffered  to  solidify,  signs  of  decomposition 

cease,  and  at  the  same  moment  the  magnetic  needle  reassuraes  its  natural 

position.    In  the  same  manner,  the  thinnest  film  of  ice  arrests  the  current 


*  From  ^\tKTpoVt  and  ^^it  a  way. 
21  * 


f  From  ^>r«r/}ov,  and  Xtfciv,  to  Ioo««. 


246  ELECTKO-CHEMICAL    DECOMPOSITION; 

of  a  powerful  Toltaic  apparatus;  but  the  instant  the  ice  Is  liquefied  at  anr 
one  point,  so  that  water  conimuuication  is  restored  between  the  electrodes. 
the  current  tfgain  passes,  and  decomposition  occurs.  Fusion  by  beat,  and 
solution  in  aqueous  liquids,  answer  the  purpose  equally  well. 

Generally  speaking,  compound  liquids  cannot  conduct  the  electric  cur- 
rent  without  being  decomposed;  but  still  there  are  a  few  exceptions  to 
this  statement,  which  perhaps  are  more  apparent  than  real.  Thus  Hittorf 
has  shown,  that  fused  silver  sulphide,  which  was  formerly  regarded  as  one 
of  the  exceptions,  cannot  be  considered  to  be  so,  and  Beets  has  since  proved 
the  same  to  be  the  case  as  regards  mercuric  iodide  and  lead  fluoride. 

The  quantity  of  any  given  compound  liquid  which  can  be  decomposed 
by  any  given  electric  battery  depends  on  the  resii^tance  of  the  liquid:  the 
more  resistance  the  less  decomposition.  Distilled  water  has  only  a  small 
power  of  conduction,  and  is  therefore  only  slightly  decomposed  by  a  bat- 
tery of  80  to  40  pairs ;  whilst  diluted  sulphuric  acid  is  one  of  the  best  of 
fluid  conductors,  and  undergoes  rapid  decomposition  by  a  small  battery. 

When  a  liquid  which  can  be  decomposed,  and  a  galvanometer,  are  in- 
cluded in  the  circuit  of  an  electric  current,  if  the  needle  of  the  galrano- 
meter  be  deflected,  it  may  be  always  assumed  as  certain  that  a  portion  of 
liquid,  bearing  a  proportion  to  the  strength  of  the  current,  is  decomposed, 
although  it  may  be  impossible  in  many  cases,  without  special  contrivances, 
to  detect  the  products  of  the  decomposition,  on  account  of  their  minute- 
ness. 

The  metallic  terminations  of  the  battery,  the  poles  or  electrodes,  have, 
in  themselves,  nothing  in  the  shape  of  attractive  or  repulsive  power  for 
the  elements  separated  at  their  surfaces.  Finely  divided  metal  suspended 
in  water,  or  chlorine  held  in  solution  in  that  liquid,  shows  not  the  least 
symptom  of  a  tendency  to  accumulate  around  them ;  a  single  element  is 
altogether  unaffected  —  directly,  at  least ;  separation  from  previous  combi- 
nation is  required,  in  order  that  this  appearance  should  be  exhibited. 

It  is  necessary  to  examine  the  process  of  electrolysis  a  little  more 
closely.  When  a  portion  of  hydrochloric  acid,  for  example,  is  subjected 
to  decomposition  in  a  glass  vessel  with  parallel  sides,  chlorine  is  disen- 
gaged at  the  positive  electrode,  and  hydrogen  at  the  negative:  the  gases 
are  perfectly  pure  and  unmixed.  If,  while  the  decomposition  is  rapidly 
proceeding,  the  intervening  liquid  be  examined  by  a  beam  of  light,  or  by 
other  means,  not  the  slightest  disturbance  or  movement  of  any  kind  will 
be  perceived ;  nothing  like  currents  in  the  liquid  or  bodily  transfer  of  gas 
from  one  part  to  another  can  be  detected ;  and  yet  two  portions  of  hydro- 
chloric acid,  separated  perhaps  by  an  interval  of  four  or  five  inches,  may 
be  respectively  evolving  pure  chlorine  and  pure  hydrogen. 

There  is,  it  would  seem,  but  one  mode  of  explaining  this  and  all  similar 
canes  of  regular  elect rolitio  decomposition:  this  is  by  assuming  tbat  ali 
the  particles  of  hydrochloric  acid  between  the  electrodes,  and  by  which 
the  current  is  conveyed,  simultaneously  suff'er  decomposition,  the  hydrogen 
trivcUing  in  one  direction,  and  the  chlorine  in  the  other.  The  neighboring 
elements,  thus  brought  into  close  proximity,  unite  and  reproduce  hydro- 
chloric acid,  again  destined  to  be  decomposed  by  a  repetition  of  the  same 
change.  In  this  manner,  each  particle  of  hydrogen  may  be  made  to  travel 
in  one  direction,  by  becoming  successively  united  to  each  particle  of  chlo- 
rine between  itself  and  the  negative  electrode;  when  it  reaches  the  latter, 
finding  no  disengaged  particle  of  chlorine  for  its  reception,  it  is  rejected, 
as  it  were,  from  the  series,  and  thrown  00"  in  a  separate  state.  The  same 
thing  happens  to  each  particle  of  chlorine,  which  at  the  same  time  passes 
continually  in  the  opposite  direction,  by  combining  successively  with  each 
particle  of  hydrogen  that  moment  separated,  with  which  it  meets,  until  at 
length  it  arrives  at  the  positive  plate  or  wire,  and  is  disengaged.     A  sue- 
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cession  of  particles  of  hydrogen  are  thus  continually  thrown  off  from  the 
deeompoaing  mass  at  one  extremity,  and  a  corresponding  succession  of 
particles  of  chlorine  at  the  other.  The  power  of  the  current  is  exerted 
witJi  equal  energy  in  eyery  part  of  the  liquid  conductor,  though  its  effects 
become  manifest  only  at  the  very  extremities.  The  action  is  one  of  a 
purely  molecular  or  internal  nature,  and  the  metallic  terminations  of  the 
batterj  merely  serre  the  purpose  of  completing  the  connection  between 
the  lAtter  and  the  liquid  to  be  decomposed.     The  figures  141  and  142  are 

Pig.  141, 
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Hydrochloric  acid  In  its  usual  state. 

intended  to  assist  the  imagination  of  the  reader,  who  must  at  the  same 
time  avoid  regarding  them  in  any  other  light  than  that  of  a  somewhat 
figuratiTe  mode  of  representing  the  curious  phenomena  described.  The 
circles  are  intended  to  indicate  the  elements,  and  are  distinguished  by 
their  respectiTe  symbols. 

Like  hydrochloric  acid,  all  electrolytes,  when  acted  on  by  electricity,  are 
split  into  two  constituents,  which  pass  in   opposite  directions.     The  one 


Fig.  142. 
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Hydrochloric  acid  nndergoiug  electrolysis. 

class  of  substances,  like  oxygen,  chlorine,  &c.,  are  eyoWed  at  the  positive 
electrode ;  the  other  class,  like  hydrogen  and  the  metals,  at  the  negative 
electrode. 

It  is  of  importance  to  remark  that  oxygen  salts,  such  as  sulphates  and 
nitrates,  when  acted  on  by  the  current,  do  not  divide  into  acid  and  basic 
oxide,  but,  as  Daniell  and  Miller  proved,  into  metal  and  a  compound  sub* 
stance,  or  group  of  elements,  which  is  transferred  in  such  a  state  of  asso- 
ciation that,  as  regards  its  electrical  behavior,  it  represents  an  element. 
Thus,  cupric  sulphate,  SO4CU,  splits,  not  into  SO,  and  CuO,  but  into  me- 
tallic copper  and  sulphione  SO4.  Hydrogen  sulphate,  or  sulphuric  acid, 
SO^H,.  divides  into  the  same  compound  group  and  hydrogen.  In  a  similar 
way,  also,  the  part  of  the  electrolyte  which  passes  to  the  negative  pole  may 
consist  of  a  group  of  elements.  A  solution  of  sal-ammoniac,  NH^Ol,  fur- 
nishes a  beautiful  instance  of  this  fact,  since  it  is  decomposed  by  the  cur- 
rent in  such  a  manner  that  the  ammonium  NH^  goes  to  the  negative,  and 
the  chlorine  to  the  positive  pole. 

A  distinction  must  be  carefully  drawn  between  true  and  regular  elec- 
trolysis, and  what  is  called  secondary  decomposition,  brought  about  by  the 
reaction  of  the  bodies  so  eliminated  upon  the  surrounding  liquid,  or  upon 
the  substance  of  the  electrodes:  hence  the  advantage  of  platinum  for  the 
latter  purpose,  when  electrolytic  actions  are  to  be  studied  in  their  greatest 
simplicity,  that  metal  being  scarcely  attacked  by  any  ordinary  agents. 
When,  for  example,  a  solution  of  lead  nitrate  or  acctutc  is  decomposed  by 
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the  curreot  betveen  plklinum  pUtcB,  mElkllie  le>d  is  deposited  at  the  in-~ 
giEiTe  siile.  &n<l  >  brown  powJer.  lead  dioxide,  it  the  poiiliie:  the  lalltr 
tubirtaiice  is  I  he  result  of  a  secondary  iclioD;  il  proceetlK.  in  Tact,  from  Ihr 
Da»ccal  oxjgeD  at  tbe  moment  of  its  bberalioa  reacting  upon  the  monoiide 
of  lead  present  in  the  salt,  and  coDTeTling  it  inlo  dioxide,  which  is  insoliib^c 
in  the  dilute  acid.  When  nilric  acid  ia  deoompoaed.  no  hydrogen  appears 
at  tbe  negatiTe  electrode,  because  it  is  oxidiied  at  the  eipensc  of  tbe  nc i-l. 
which  ia  reduced  to  nitroui  acid  gaa.  When  potaaiium  (ulpbate.  S04K„ 
IB  eleclrolyied,  hydrogen  appears  at  the  negative  electrode,  together  with 
an  c<iuiTalent  quantilj  of  potassium  hydrate  OKH.  because  the  polas-iura 
nhicli  ia  etoWed  at  the  electrode  immediately  decompoaea  the  water  there 
present.  At  the  same  lime,  the  HUlphionc,  SO,,  which  is  transferred  lo  the 
posiliTc  electrode,  takes  hydrogen  from  tbo  water  there  present,  f.rminj; 
sulphuric  aeid.  SO^Il^  and  liberating  oxygen.  In  libe  manner  faydroe^a 
sulpbate.  or  sulphuiuc  acid  itself,  is  refoWed  by  the  current  into  hydrogen 
and  sulphione,  which  latter  decomposes  the  water  at  tbe  po!ili*e  electroile. 
reproducing  hydrogen  sulphate,  and  liberating  oxygen,  just  as  if  the  water 
ilself  were  directly  decomposed  by  tbe  current  into  hydrogen  and  oijgen. 
A  similar  action  takes  place  in  the  electrolytic  decomposition  of  any  other 
oxygen-salt  of  analkali-melal,  or  alkaline  earth-metal,  alkali  and  hydrogen 
gas  making  their  appearance  at  the  negatirc  electrode,  acid  and  oiy(!«a 
gas  nt  the  positive  electrode.  This  observation  explains  a  circumstance 
which  much  perplexed  the  earlier  experimenters  upon  the  chemical  action 
of  tbe  voltaic  battery .  In  all  experiments  in  which  water  was  decomposed, 
both  acid  and  alkali  were  liberated  at  the  elcclrodec,  even  though  diiiillcJ 
water  was  employed:  and  hence  it  was  believed  for  some  time  that  the 
voltaic  current  had  some  mysterious  power  of  generating  acid  and  alkaline 
matter.  The  true  source  of  these  compounds  was,  however,  traced  by 
Pavy.*  who  showed  that  they  proceeded  from  impurities  either  in  the  water 
itself,  or  in  tbe  vessels  nhicb  contained  it.  or  in  tbe  surrounding  atmos- 
phere. H.iving  proved  that  ordinary  distilled  water  alwoys  contains  traces 
of  saline  matter,  be  redistilled  it  at  a  temperature  below  ihe  boiling-point, 
in  order  lo  avoid  all  risk  of  carrying  over  sails  by  splashing.  He  Iben 
found  that  whi>n  m.irblo  cups  were  used  to  conlain  thu  water  used  for  de- 
composition, hydrochloric  acid  appe.ired  at  the  positive  electrode,  soda  at 
the  negative,  both  being  derived  from  sodium -chloride  present  in  the  mar- 
ble: when  agate  cups  were  u-'ed,  he  obtained  silica;  and  when  he  used 
gold  vessels,  he  obtained  nitric  acid  and  ammonia,  which  be  traced  (o  at- 
mospheric air.  iiy  operating  in  a  vacuum,  indeed,  the  quantity  of  acid 
and  alkali  was  reduced  to  a  minimum,  but  tbe  decomposilion  was  almasi 
arrested,  although  he  operated  with  ■  battery  of  fifty  pairs  of  4-inch 
plates.  Hence  it  is  manifest  Ihat  tcaler  iltrlfa  nol  an  elttlroliflt.  but  Ifaat  it 
is  enabled  lo  convey  the  current  if  il  contains  only  I  races  of  saline  matter,  f 

" ■■ '  -"ifferent  eleclrulytes,  such  as  dilute  sulphuric  acid,  cuprie 

1  iodide,  ftised  lead  chloride.  &e..  be  arrangetl  in  a  series, 
'nt  be  moilo  to  IrnTcrse  the  whole,  all  will  autfer  decom- 
e  time,  but  by  no  mems  lo  Ihe  same  amount.  If  arrange- 
nhieh  the  quantities  of  the  eliminated  elements  can  l>e 
ned,  it  will  be  found,  when  Ihe  decomposilion  has  pro- 
ent,  that  these  littler  have  been  disengaged  exactly  in  the 
ai  rqiiivatenl:  The  same  current  which  decomposes  9 
1  sepiirnte  into  their  elements  IliC  pans  of  potassium 
lead  chloride,  &c.  Ileucotfaevery  imporUntconclusion: 
rent  ii  yfrffclhi  drfim:i  ia  ill  aalurr,  prodneittg  a  fixtd  and 
'rcomposiliuH,  rtpratcd  in  each  rUctrolytt  fiy  tia  value  of  iU 
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Prom  a  rerj  extended  series  of  experiments,  based  on  this  and  other 
methods  of  research.  Faraday  was  enabled  to  draw  the  general  inference 
that  effects  of   chemical  decomposition  are  alwnys  proportionate  to   (he 
quantity  of  circulating  electricity,  and  may  be  taken  as  an  Accurate  and 
trustworthy  measure  of  the  latter.    Guided  by  this  highly  important  prin- 
ciple, he  constructed  his  voltameter,  an  instrument  which  has  rendered  the 
greatest  serTioe  to  electrical  science.     This  is 
merely  an  arrangement  by  which  dilute  sulphuric 
acid    is    decomposed   by   the  current,   the   gas 
evoWed  being  collected  and  measured.  By  placing 
such  an   instrument  in  any  part  of  the  circuit, 
the  quantity  of  electric  force  necessary  to  pro- 
duce any  giTen  effect  can  be  at  once  estimated; 
or,  on  the  other  hand,  any  required  amount  of 
the  latter  can  be,  as  it  were,  measured  out  and 
adjusted  to  the  object  in  view.     The  voltameter 
has  received  many  different  forms:  one  of  the 
most  extensively  useful  is  that  shown  in  fig.  143, 
in  which  the  platinum  plates  are  separated  by  a 
very  small  interval,  and  the  gas  is  collected  in  a 
graduated  jar  standing  on  the  shelf  of  the  pneu- 
matic trough,  the  tube  of  the  instrument,  which 
is  filled  to  the  neck  with  dilute  sulphuric  acid,  being  passed  beneath  the  jar. 
The  decompositions  produced  by  the  voltaic  battery  can  be  effected  by 
the  electricity  of  the  common  machine,  by  that  developed  by  magnetic 
action,  and  by  that  of  animal  origin,  but  to  an  extent  incomparably  more 
minute.     This  arises  from  the  very  small  quantity  of  electricity  set  in  motion 
by  the  machine,  although  its  tension — that  is,  power  of  overcoming  obsta- 
cles, and  passing  through  imperfect  conductors  —  is  exceedingly  great.    A 
pair  of  small  wires  of  zinc  and  platinum,  dipping  into  a  single  drop  of 
dilate  aeid,  develop  far  more  electricity,  to  judge  from  the  chemical  effects 
of  such  an  arran^^ement,  than  very  many  turns  of  a  large  plate  electrical 
machine  in  powerful  action.     Nevertheless,  polar  or  electrolytic  decompo- 
sition can  be  distinctly  and  satisfnctorily  effected  by  the  latter,  although 
on  a  minute  scale. 

With  a  knowledge  of  the  principles  laid  down,  the  study  of  the  voltaic 
battery  may  be  resumed  and  completed.     In  the  first  place,  two  very 
different  views  have  been  held  concerning  the  source  of  the  electrical  dis- 
turbance in  that  apparatus.     Yolta  himself  ascribed  it  to  mere  contact  of 
dissimilar  metals  or  other  substances  conducting  electricity,  —  to  what  was 
denominated  an  eleetrO'tnotive  force,  called  into  being   by  such   contact. 
Proof  was  supposed  to  be  given  of  this  fundamental  proposition  by  an  ex- 
periment in  which  discs  of  zinc  and  copper  attached  to  insulating  handles, 
after  being  brought  into  close  contact,  were  found,  by  the  aid  of  a  very 
delicate  gold  leaf  electroscope,  to  be  in  opposite  electrical  states.  It  appears, 
however,  that  the  more  carefully  this  experiment  is  made,  the  smaller  is  the 
effect  observed ;  and  hence  it  is  judged  highly  probable  that  the  whole  may 
be  due  to  accidental  causes,  against  which  it  is  almost  impossible  to  guard. 
On  the  other  hand,  the  observation  was  soon  made  tlmt  the  power  of  the 
battery  always  bears  some  kind  of  proportion  to  the  chemical  action  upon 
the  zinc ;  that,  for  instance,  when  pure  water  is  used,  the  effect  is  extremely 
feeble^  with  a  solution  of  salt,  it  becomes  much  greater;  and,  lastly,  with 
dilute  aeid,  greatest  of  all;  so  that  some  relation  evidently  exists  between 
tbe  chemical  effect  upon  the  metal  and  the  evolution  of  electrical  force. 

The  experiments  of  Faraday  and  Daniell  have  given  very  grent  support 
to  the  chemical  theory,  by  showinie  that  the  contact  of  dissimilar  metals  is 
not  necessary  in  order  to  call  into  being  powerful  electrical  currents,  an 
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that  tlio  dovclDpmvnt  of  eleolricnl  foroe  is  not  otilji  in  nome  way  coDoerteal 
wilh  the  clieiuicnl  itvlion  of  Ihe  liijuid  of  tlie  bsllcry,  but  thai  it  is  alwavs 

eleclroljlic  liecompoBilion  of  polBBsium  iodide  ia  perrormed  by  B  euireni 

penerattd  without  any  conlnct  of  dissimilar  melalB,  can  be  thus  mad*:   A 

plme  of  line  is  bent  at  a  riglit  angle,  and  cleaned  by  rubbing  with  land- 

puper.     A  plate  of  platinum  hnsa  wire  of  the  sanie  melal  attaebed  to  it  l>y 

careful  riveting,  and  the  liitter  bent  into  an  arch.     A  piece  of  folded  flll«T- 

pnper  is  wetted  witli  sotulion  of  potasMiim  iodide,  and  placed  upon  ihp 

lino  ;  tbe  platinum  plate  is  arrange'!  opposite  lo  the  latler,  with  the  end  of 

il8  wire  resling  upon  llic  paper;  and  then  the  pair  ia  plunged  into  a  glars 

of  dilate  sulphuric,  mixed  with  a  few  drops  of  nitric  acid.     A  brown  tjM'l 

□f  iO'Iino  becomes  in  a  moment  evident   beneath   the  ei- 

Fr^,  144.         Iremiiy  of  I  he  platinum  wire  —  that  is,  at  the  poailiTC  Eide 

^.^^  of  Ihe  arningemenf. 

A  strong  argument  in  faTor   of  Ihe  chemical  Tiew   ia 
foun<led  on  Ihe  easily  prored  facl,  that  the  direction  of  tbe 
current  in  determined  by  the  kind  of  action  upon  Ihe  melaU 
the   one   least  altaoiied  being  always   positive.     l<el  ivo 
polished  plates,  tbe  one  iron  and  tbe  other  copper,  be  con- 
nected by  wires  with  a  gaWanometor,  nnd  then  immersed  io 
a  snlulion  of  an  allinline  sulphide.     Tbe  needle  in  a  moment 
indicalOB   a   powerful    current,    passing    from    tbe   copper 
thriiugh  Ihe  liquid  to  the  iron,  and  back  Spain  through  ihe 
wire.      Let  the  plates  bo  now  removed,  cleaned,  and  plunged 
into  dilute  acid ;  the  needle  is  again  driven  round,  but  in 
the  opponile  direction,  the  current  now  parsing  from  Ihe 
Iron  through  Iho  liquid  lo  iho  copper.     In  Ihe  first  instance,  tbe  copper  is 
acted  upon,  and  not  the  iron  ;  in  Ihe  second,  these  conditions  are  reversed, 
and  with  them  the  direction  of  tbe  current. 

The  metals  cmployi'd  in  tlie  practical  construction  of  voltaic  batteries 
are  zinc  for  Ibo  active  nietnl.  and  copper,  silver,  or.  still  better,  plalinum. 
for  the  inactive  one:  the  greater  Ihe  difference  of  oiidability,  Ibe  belter 
the  arrangement.     Tbe  liquid  is  either  dilute  sulphuric  acid,  someliniea 

tinned  action  is  wanted,  salt  and  water.  To  obtain  Ihe  maximum  effect  ct 
the  apparatus  with  the  least  expenditure  of  line,  that  metal  musl  be  em- 
ployed in  a  pure  state,  or  ils  surface  muft  be  covered  by  an  amalgam, 
which  in  its  electrical  relations  closely  resembles  the  pure  melal.  The  line 
iaensily  brought  into  this  condition  by  welting  il  with  dilute  sulphuric  arid, 
nnd  tlien  rubbing  a  little  mercury  over  it,  by  means  of  a  piece  of  rag  licd 
to  a  stick. 

The  principle  of  the  compound  ballery  is,  perhaps,  best  seen  in  Ihe  crown 
of  cups:  by  each  alternation  of  zinc,  fluid,  nnd  copper,  the  ourrenlis  ur^e^ 
forward  with  increased  energy;  its  intensity  is  augmented,  but  the  aetuil 
amount  of  electrical  force  ihrown  into  Ihe  current  form  is  not  inereasedr 
Tbe  qunuliiy,  estimated  by  its  decomposing  power,  is,  in  fact,  determiDed 
by  that  of  the  smalleBl  and  least  aolivo  pair  of  plalee,  the  quantily  of 
electricity  in  every  part  or  section  of  the  circuit  being  exactly  equal.  Hence 
largo  and  Bmnll  plates,  batteries  strongly  and  weakly  ohai^d,  can  never  be 
connected  withoiil  great  loss  of  power. 

When  a  bnltery.  ciilier  simple  or  compound,  constructed  with  pnre  or 
with  amalgamated  lino,  ia  charped  with  dilute  sulpbario  acid,  a  number  of 
highly  intcrcfting  phenomena  mny  be  observed.  While  the  circiiil  remains 
broken,  the  linc  is  perfectly  inactive,  no  acid  is  decomposed,  do  hydro^i 
liberated;  but  Hie  moment  ihe  connection  is  completed,  torrents  of  hydrogea 
arise,  not  ^om  the  zinc,  but  from  tbe  copper  or  platinum  surfaces  aloae, 
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while  the  sine  undergoes  tranquil  and  imperceptible  oxidation  and  solution. 
Thus,  exactly  the  same  effects  are  seen  to  occur  in  every  active  cell  of  a 
closed  circuit,  that  are  witnessed  in  a  portion  of  sulphuric  acid  undergoing 
electrolysis:  oxygen  appears  at  the  positive  side,  with  respect  to  the  current, 
and  hydrogen  at  the  negative ;  but  with  this  difference :  that  the  oxygen, 
instead  of  being  set  free,  combines  with  the  zinc.  It  is,  in  fact,  a  real  case 
of  electrolysis,  and  electrolytes  alone  are  available  as  exciting  liquids. 

Common  zinc  is  very  readily  attacked  and  dissolved  by  dilute  sulphuric 
acid ;  and  this  is  usually  supposed  to  arise  from  the  formation  of  a  multitude 
of  little  voltaic  circles,  by  the  aid  of  particles  of  foreign  metals  or  graphite,^ 
partially  imbedded  in  tlie  zinc.  This  gives  rise  in  the  battery  to  what  is 
called  local  action,  by  which,  in  the  common  forms  of  apparatus,  three 
fourths  or  more  of  the  metal  are  often  consumed,  without  contributing  in 
the  least  to  the  general  effect,  but,  on  the  contrary,  injuring  it  to  some  ex- 
tent.   This  evil  is  got  rid  of  by  amalgamating  the  surface. 

Prom  experimenta  very  carefully  made  with  a  "dissected"  battery  of 
peculiar  construction,  in  which  local  action  was  completely  avoided,  it  has 
been  distinctly  proved  that  the  quantity  of  electricity  set  in  motion  by  the 
battery  varies  exactly  with  the  sine  dissolved.  Coupling  this  fact  with  that 
of  the  definite  action  of  the  current,  it  will  be  seen  that  when  a  perfect 
battery  of  thia  kind  is  employed  to  decompose  hydrochloric  acid,  in  order 
to  evolve  1  grain  of  hydrogen  from  the  latter,  82*5  grains  of  zinc  must  be 
dissolved  as  chloride,  and  its  equivalent  quantity  of  hydrogen  disengaged 
in  each  active  cell  of  the  battery  —  that  is  to  say,  that  the  electrical  force 
generated  by  the  solution  of  an  equivalent  of  zinc  in  the  battery  is  capable 
of  effecting  the  decomposition  of  an  equivalent  of  hydrochloric  acid  or  any 
other  electrolyte  out  of  it. 

This  is  an  exceedingly  important  discovery :  it  serves  to  show,  in  the 
mc»t  striking  manner,  the  intimate  nature  of  the  connection  between  chem- 
ical and  electrical  forces,  and  their  remarkable  quantitative  or  equivalent 
relations.  It  almost  seems,  to  use  an  expression  of  Faraday,  as  if  a  trans- 
fer of  chemical  force  took  place  through  the  substance  of  solid  metallic  conduct- 
ors; that  chemical  actions,  called  into  play  in  one  portion  of  the  circuit, 
conld  be  made  at  pleasure  to  exhibit  their  effects  without  loss  or  diminution 
in  any  other. 

There  is  an  hypothesis,  not  of  recent  date,  long  countenanced  and  sup- 
ported by  the  illustrious  Berzelius,  which  refers  all  chemical  phenomena  to 
electrical  forces — which  supposes  that  bodies  combine  because  they  are  in 
opposite  electrical  states;  even  the  heat  and  light  accompanying  chemical 
union  may  be.  to  a  certain  extent,  accounted  for  in  this  manner.  In  short, 
we  are  in  such  a  position,  that  either  may  be  assumed  as  cause  or  effect: 
it  maj  be  that  electricity  is  merely  a  form  or  modification  of  ordinary  chem- 
ical affinity ;  or,  on  the  other  hand,  that  all  chemical  action  is  a  manifesta- 
tion of  electrical  force. 

This  electro-chemical  theory  is  no  longer  received  as  a  true  explanation 
of  chemical  phenomena  to  the  full  extent  intended  by  its  author.  Berzelius, 
indeed, supposed  that  the  combining  tendencies  of  elements,  and  their  func- 
tions in  compounds,  depend  altogether  on  their  electric  polarity;  and  ac- 
cordingly he  divided  the  elements  into  two  olnsses,  the  electro-positive,  which, 
^e  hydrogen  and  the  metals,  move  towards  the  negative  pole  of  the  bat- 
tery, as  if  they  were  attracted  by  it,  and  the  electro-negative^  which,  like 
<>iygen,  chlorine,  and  bromine,  move  towards  the  positive  pole.  We  are, 
however,  acquainted  with  a  host  of  phenomena  which  show  that  the  chem- 
ical functions  of  an  element  depend  upon  its  position  with  regard  to  other 
elements  in  a  compound,  quite  as  much  as  upon  its  individual  character. 
I'liOB  chlorine,  the  very  type  of  an  electro -negative  element,  can  be  substi- 
^ted  for  hydrogen,  one  of  the  most  positive  of  the  elements,  in  a  large 
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number  of  compounds,  yielding  new  products,  which  exhibit  the  closest 
analogy  in  cooiposition  and  properties  to  the  compounds  from  which  they 
are  deriyed.  It  is  impossible,  therefore,  to  admit  that  the  chemicai  func- 
tions of  bodies  are  determined  exclusiTely  by  their  electrical  relations. 
Still  it  is  true  in  a  general  way  that  those  elements  which  differ  mosit 
strongly  in  their  electrical  characters,  chlorine  and  potassium,  for  example, 
are  likewise  those  which  combine  together  with  the  greatest  energy;  and 
the  division  of  bodies  into  electro-positive  and  electro-negative  is  therefore 
retained ;  the  former  are  also  called  add  or  eklorousy  and  the  latt«r  btuylous 
fir  zincous. 

One  of  the  roost  useful  forms  of  the  common  voltaic  battery  is  that  con- 
trived by  Dr.  WoUaston  (fig.  145).  The  copper  is  made  completely  to  en- 
circle the  zinc  plate,  except  at  the  edges,  the  two  metals  being  kept  apart 
by  pieces  of  cork  or  wood.  Each  zinc  is  soldered  to  the  preceding  copper, 
and  the  whole  screwed  to  a  bar  of  dry  mahogany,  so  that  the  plates  can  he 
lifted  into  or  out  of  the  acid,  which  is  contained  in  an  earthenware  trough, 
divided  into  separate  cells.  The  liquid  consists  of  a  mixture  of  100  parts 
water,  2\  parts  oil  of  vitriol,  and  2  parts  commercial  nitric  acid,  all  by  meas- 
ure. A  number  of  such  batteries  are  easily  connected  together  bj  straps 
of  sheet  copper,  and  admit  of  being  put  into  action  with  great  ease. 

^.145. 


The  great  objection  to  this  and  to  all  the  old^r  forms  of  the  Toltaie  bat- 
tery is,  that  the  power  rapidly  decreases,  so  that,  after  a  short  time,  scarcely 
the  tenth  part  or  the  original  action  remains.  This  loss  of  power  depends, 
partly  on  the  gradual  change  of  the  sulphuric  acid  into  zinc  sulphate,  but 
still  more  on  the  coating  of  hydrogen,  and,  at  a  later  stage,  on  the  precipi- 
tation of  metallic  zinc  on  the  copper  plates.  It  is  self-evident  that  if  the 
copper  plate  In  the  liquid  became  covered  with  zinc,  it  would  act  electrically 
like  a  zinc  plate.  This  is  precisely  the  action  of  the  hydrogen,  whereby  a 
decrease  of  electrical  power  is  produced.  This  effect,  produced  by  the  sub- 
stances separated  from  the  liquid,  is  commonly  called  polarization. 

An  apparatus  of  immense  value  for  purposes  of  electro-chemical  research, 
in  which  it  is  desired  to  maintain  powerful  and  equable  currents  for  many 
successive  hours,  has  been  contrived  by  Professor  Daniell  (fig.  146).  Each 
cell  of  this  ** constant"  battery  consists  of  a  copper  cylinder  3}^  inches  in 
diameter,  and  of  a  height  varying  from  6  to  18  inches.  The  zinc  is  em- 
ployetl  in  the  form  of  a  rod  |  of  an  inch  in  diameter,  carefully  amalga- 
mated, and  suspended  in  the  centre  of  the  cylinder.    A  second  cell  of  porous 
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nnh«ii»ra  m  animal  taembrMie  interrenM  betweeii  the  lioo  ■nd  the  cop- 
per: this  is  filled  with  &  mixture  of  I  pari  by  measuTe  of  oil  ofvilriol  aod 
8  of  wtttr.  and  the  eiterior  spaoe  with  the  Hsme  liquid, 
Mlnralcd  with  capper  Bulphate.     A  sort  of  little  colan-  ^'* 

der  is  Gued  to  the  Cop  of  th«  cell,  in  which  crystals  of 
the  floppCT  ■nlphale  are  placed,  so  thai  the  strength  of 
the  solution  ma;  remain  unimpaired.     When  Domniuiii-  -+ 

atioD  is  nade  by  a  wire  between  the  rod  and  the  cylin- 
der, a  powerful  current  is  prodnoed,  (be  power  of  which 
msy  be  increased  to  any  extent  by  cannecting  a  sufficient 
namber  of  such  cells  into  a  series,  on  the  principle  of  the 
crown  of  cups,  the  copper  of  the  first  being  attached  to 
the  line  of  the  second.  Ten  such  alternstions  constitute 
1  lery  powerful  apparatus,  which  has  the  great  odvan- 
lage  of  retaining  its  energy  undiminished  for  &  long  time. 
By  this  arrangemeot  of  the  voltaic  battery,  the  polar- 
iiotion  of  the  copper  ptnta  is  altogether  avoided  ;  the  line 
ialhe  poraOBCell.  whilst  itdiesolTcs  in  the  Bulpburicacid, 
decompowa  it,  but  does  not  liberate  any  hydrogen;  for 
by  the  progress  of  the  decompositioa  (see  p.  24H)  up  to 
the  boandary  of  ths  copper  solution,  the  hydrogen  takes 
the  place  of  the  copper,  and  thus  ultimately  tlie  copper 
i)  prscipilatod  at)  the  copper  plate.  The  copper  plate 
therefore  remains  in  its  original  stale,  so  long  as  a  sufficient  quantity  of 
copper  sulphBl«  is  present  in  the  solution. 

By  increasing  the  generatiTO  and  reducing  the  antagoniiing  obemioal 
aSnities.  Mr.  OroTo  succeeded  in  forming  the  constant  nitric  acid  battery 
which  bears  his  name.  This  instrunient  is  capable  of  producing  a  far 
greater  degree  of  power  than  the  battery  previously  menlioned.  and  hence 
ilhasbecotne  one  of  the  most  important  means  of  promoting  electrical 
■citnce  in  the  present  day.  Tha  line  dips  into  dilute  sulphuric  acid  ;  and 
instead  of  a  oolution  of  copper,  concentrated  nitric  acid  is  used,  which 
lurrounds  a  platinum  plate.  It  is  evident  that  Ibe  eleclrolylic  action  which 
begins  at  the  lino  passes  through  the  sulphuric  acid,  and  in  a  precisely 
timilar  way  through  the  contiguotia  nitric  acid.  Hydrogen  would  thus  be 
liberated  on  the  platinum  plate.  This  action  is  not  rendered  lisiblo  by 
the  evolution  of  gas.  hut  only  gradually  by  the  change 
of  color  in  the  nitric  aciit :   for   the   hydrogen   liberated  *■!(.  1«T, 

by  the  electrical  action  forma  water  at  the  expense  of  ^ 

the oxygBU  yielded  by  the  nilrio  acid;  and  by  this  means,        _ 
ID  long  as  sufficient  nitric  acid  is  present,  the  purity  of 
Ibe  surface  of  the  pla'inum  plate  U  maintained. 

Uae  of  the  cells  in  this  battery  is  represented  in  sec- 
lien  ia  fig.  147.     The  line  plate  is  bent  round,  so  as  lo 
preicBt  a  double  surface,  and  well  amalgamated  :   within 
it  stands  *.  thin  Hat  cell  of  porous  earlhenwnre,  filled 
with  strong  nitric  acid,  and  the  whole  is  inimeraed  in  & 
mijiure  of  1  part  by  measure  of  oil  of  vitriol  and  (i  of 
VMer,  contained  either  in  one  of  the  cells  of  WoUaston's 
trough,  or  in  a  separate  oell  of  glnied  porcelain,  made 
for  Uie  purpose.      The  apparntua  ia  completed  by  a  plala 
ol  platinum  foil,  which  dips  into  the  nitric  acid,  and 
fnnas  the  positive  side  of  the  arrangement.     With  ten  such  pairs,  eiperi- 
nmii  of  decomposition,  ignition  of  wires,  the  light  between  charcunl 
points,  &c.,  can  be  exhibited  with  great  brillinncy,  while  the  battery  itself 
ii  very  compact  and  portable,  and,  to  a  great  extent,  conslaiil  in  its  action. 
Ihe  line,  as  in  Ibe  case  of  Dnuiell's  battery,  is  consumed  only  while  the 
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current  paBses,  bo  th&l  tb«  apparatus  ma;  be  armngcd  kn  boor  or  two 
before  il  is  required  for  use.  wliicb  is  alien  ■  matter  of  great  con*euience: 
and  local  action  tVom  Ibc  precipitation  of  cofiper  oo  tLu  linc  ia  airoidcd. 

I'rofenBOr  liuasen  Iibb  moditied  Ihe  Qroie  bHllery  b;  subatituting  for  Ihe 
platinum  dense  charcoal  or  coiie,  which  is  an  excellenl  conductor  of  cl«- 
Iricit;.  By  Ihia  alleration.  at  a  Ter;  Hmall  eipcDse,  a  battery  mav  be 
made  nearly  as  powerful  and  useful  bb  tbat  of  Uiote.  On  aecounl  of  its 
cheapness  nny  one  m»y  put  together  one  hundred  or  mure  of  Uuiuen'a 
cells,  by  which  the  moBl  magniliceDt  phenomena  of  hekl  and  light  may  be 
oblaineil. 

The  accompanying  Sgur«  ahows  the  form  of  Ihe  roand 
Kg.  lU.  carbon  cjtinder,  whicli  is  used  in  these  Dells.     It  is  hol- 

lowed BO  BB  lo  receive  a  porous  earthenware  cell,  in 
wliich  a  round  plate  of  line  is  plaocd.  The  upper  edge 
of  the  cylinder  of  carbon  is  well  saluraled  with  wai, 
and  is  surrounded  by  a  copper  ring,  by  mpana  of  which 
1  the  liuc  at  the  «}joiii- 


Ihia 

phiiric  acid  which  is  necessary  lo 
formed  surpasses  in  power  the  i 
currents  of  Ihe  same  coastsncy. 

Mr.  Smee  has  conlrived  an  ingenious  battery,  in  which  Bilrer,  covered 
with  a  thin  coating  of  finely  divided  metftUio  platinum,  is  employed  in  as- 
sociation with  amalgamated  liuc  and  dilute  sulphuric  acid.      The  rough  sur- 
face nppears  to  permit  the  ready  disengagement  of  the  bubbles  of  hydrogen. 
Within  the  last  twenty-tive  years,  several  very  beautiful  and  succeraful 
applications  of  voltaic  electricity  have  been  made,  which  may  he  alighllj 
mentioned.     Mr.  Spenoer  and  Professor  Jacobi  have  employed  it  in  copy- 
ing, or  rather  in  multiplying,  engraved  plates  snd  medals,  by  depositing 
upon  their  surfaces  a  tiiiu  ca:iliDg  of  metiillio  copper,  which,  when  sepa- 
rated from  the  original,  eihibils,  in  reverse,  a  most  faithful  repreBenlalion 
of  the  latter.      By  using  this  in  its  turn  as  a  mould  or  matrix,  an  absolutely 
perfect /ae-n'mi^  of  Ibe  plate  or  medal  is  obtained.      In  the  former  ease, 
the  impressions  taken  on  paper  are  quite  undistinguishable  from  those 
directly  derived  from  the  work  of  the  artist;  and  as  there  is   no  limit  to 
the  number  of  eirrirotypt  plates  which  can  be  thus  produced,  eograviogs 
of  llie  nicst  beautiful  description  may  be  multiplied  indeti- 
Fig.  1*8.        nilely.  The  Copper  is  very  tough,  and  bears  the  aeliun  of  ibe 
pre^s  pcrfeolly  wall. 

The  apparatus  used  in  this  and  many  similar  processes  is 
of  the  simplest  possible  kind.  A  trough  or  cell  of  wood  is 
divided  by  a  porous  diaphragm,  made  of  a  very  thin  piece 
of  sycamore,  into  two  parts:  dilute  sulpburia  acid  is  put  on 
one  side,  and  a  saturaled  solution  of  copper  sulphate,  some- 
times mixed  with  a  little  acid,  on  the  other.  A  plate  of  liqo 
is  soldered  to  a  wire  or  sirip  of  copper,  Ibe  otfaei'  end  of  - 
which  is  secured  by  similar  means  to  the  engraved  capper 
plate.  The  latter  is  then  immersed  in  the  BOlution  of  sulphate, 
and  the  lino  in  Ihe  acid.  To  prevent  deposition  of  co[<per  on 
the  bock  of  Ihe  copper  plate,  Ihiit  porlion  is  covered  wilh 
varnish.  For  medals  and  small  works,  a  porous  eartbenwar* 
cell,  placed  in  a  jolly-jar,  may  be  used. 
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Other  metaU  mnj  be  precipitated  in  the  sitine  manner,  in  n  imoatL  and 
tompacl  form,  by  Ilia  use  of  otrtaia  precKuliooB  which  hare  been  giitii- 
fTfJ  by  experience.  Eleclro-giming  and  plating  arc  now  carried  on  very 
largrly  nncl  in  great  perfection  by  Mcasi^,  lilkinglan  and  olhers.  Erea 
no  a -conducting  bodies,  aa  aealing-wai  and  plaster  of  Paris,  may  bo  coated 
with  metal:  it  is  only  necessary,  aa  Mr  Itobert  Murray  has  shown,  to  rub 
n  the  thinnest  possible  film  of  plumbago.     Seals  may  thus  be  copied 


nery 


ew  hou 


_._^ ^  ....  s  ago,  publislied  an  exceedingly  interesting  ao- 

eounl  of  certain  eiperimenla  in  which  crystalliiod  metJtls,  oxidea,  and 
oiber  iaaoluble  sabstanceB  hod  been  produced  by  the  alow  and  continuous 
•clion  of  feeble  electrical  currents,  kept  up  for  months,  or  eren  years. 
Thfss  products  exactly  reitemhle  natural  minerals;  and,  indeed,  the  ei- 
pcrimenis  throw  great  light  on  the  formBlioD  of  the  latter  within  the 

The  eomraon  but  Tery  pleasing  experiment  of  the  Itad'lree  is  greatly 
dependent  on  electro. chemical  action.  When  a  piece  of  lino  is  suspended 
in  ■  aolution  at  lead  acetate,  the  first  effect  is  the  duoompasition  of  a  por- 
tion of  the  latter,  and  the  deposition  of  melnllio  lead  upon  the  aurraoc  of 
the  lino;  it  is  simply  a  displacement  of  a  metal  by  a  more  oxidablc  ono. 
The  change  does  not,  however,  stop  here ;  metallic  lead  is  still  deposited 
in  large  and  beautiful  plates  upon  that  first  thrown  down,  until  the  solution 
beeoiaes  exhausted,  or  the  sine  entirely  disappears.  The  first  portions  of 
le*d  form  with  the  line  a  voltaic  arrangement  of  suFHeicnt 
pOBet  to  decampoae  the  salt:   under  tho   peculiar  circum-  Ks-IM. 

etinees  in  which  the  latter  is  placed,  tlie  metal  is  precipi- 
laled  upon  the  negative  portion  —  that  is,  the  lead  —  while 
the  oxygen  and  acid  are  taken  up  by  the  line. 

Mr.  Qrove  has  contrived  a  battery  in  which  an  eleotrioal 
current,  of  sufficient  intensity  todeeompsse  dilute  aulpburio 
aeld.  is  produced  by  the  roaetion  of  oxygen  upon  hydrogen. 
Escli  clfMenl  at  this  interesting  apparatus  eotisisis  of  a  pair 
of  flaas  tubes  to  contain  the  gases  dipping  into  a  vessel  of 
acidulated   water.      Both  tube.^  contaia   pl^ttiiiiim   plates, 
CDvcred  with   a  rough  deposit  of  finely  divided  platinum, 
ud  furnished  with  conducting  wirea,  which   pass  through 
the  lops  or  sides  of  the  lubes,  and  are  hermetically  !-ealcd 
into  (he  latter.      When  the  tubes  are  charged  with  oxygen 
en  the  one  aide  and  hydrogeu  on  the  other,  and  the  wires  connected  with  • 
gsUtDiiscope,  the  needle  of  the  instrument  becomes  instantly  affected ;  and 
"hen  ton  or  more  are  combined  in  a  seriea,  the  oxygen-tube  of  the  one 
wiib  the  hydrogen-tube  of  the  next.  Ac.  while  the  terminal  wires  dip  inio    ■ 
uidulated  water,  a  rapid  stream  of  minute  bubbles  from  either  wire  in- 
dicates the  decomposition  of  the  liquid ;  and  when  the  experiment  is  mode 
with  a  amnll  voltameter,  it  is  found  that  the  oxygen  and  hydrogen  dispn- 
gxfti  exactly  equal  in  amount  the  quantities  absorbed  by  the  act  of  com- 
bination in  each  tuba  of  the  battery. 

Bial  dnrioped  by  the  Eltetn't  Current.  —  All  parts  of  the  electric  circuit, 
liie  pistes,  the  liquid  in  the  cells  of  the  hatlery,  the  conducting  wires,  and 
soy  electrolytes  undergoing  decomposition,  uU  become  heated  during  the 
puuge  of  the  current.  The  rise  of  tempernlure  in  any  part  of  tho  circuit 
depends  parti;  on  the  strength  of  the  current,  partly  on  its  resistance, 
ibo5B  bodies  which  offer  the  greatest  reslsionce.  or  are  (he  worst  conduct- 
ors, being  most  strongly  beated  by  a  current  of  given  strenglh.     Thus, 

■  TnlU  de  rEtsctrlclM  <(  da  Hi^^tljioe,  iii.  23S. 
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when  a  thick  and  a  thin  wire  of  the  same  metal  are  included  in  the  same 
circuit,  the  Utter  bi'comes  most  strongly  heated,  and  a  platinum  wire  is 
much  more  strongly  heated  than  a  silver  or  copper  wire  of  the  same 
thickness. 

By  exact  experiments  it  has  been  found  that  both  in  metallic  wires  and 
in  liquids  traversed  by  an  electric  current,  the  evolution  of  beat  is  directly 
proportional:  1st,  to  the  resittanee ;  2d,  to  the  etrength  of  the  ettrrenL,  Joale 
has*  also  shown  that  the  evolution  of  heat  in  each  couple  of  the  Toltaic 
battery  is  subject  to  the  same  law,  which,  therefore,  holds  gtiod  in  eTery 
part  of  the  circuit,  including  the  battery. 

The  strength  of  an  electric  current  is  measured  by  the  quantity  of  de- 
tonating gas  (2  vol.  H.  to  1  vol.  0.)  which  it  can  evolve  fiom  acidulated 
water  in  a  given  time,  and  the  unit  of  current  strength  is  the  current  which 
eliminates  one  cubic  centimetre  of  detonating  gas  at  0°  C.  and  7t>0M.  barotnetnr 
pressure  in  a  minute.  Now  Lenz  has  shown  that  when  a  current  of  the  unit  of 
strength  passes  through  a  wire  whose  resistance  is  equal  to  that  of  a  copper 
wire  1  metre  long  and  1  millimetre  in  diameter,  it  develops  a  quantity  of 
heat  sufficient  to  raise  the  temperature  of  1  gram  of  water  from  0"  to  1° 
C.  in  5}  minutes:  and  assuming  as  the  unit  of  heat  the  quantity  required 
to  raise  the  temperature  of  I  gram  of  water  from  0®  to  1°  C,  the  law  may 
be  thus  expressed : 

A  current  of  the  unit  of  strength  passing  through  a  conductor  which  ejcrts  the 
unit  of  resistance^  develops  therein  1*057  heat-units  in  an  hour^  or  0.076  heat' 
unit  in  a  minute. 

With  a  current  of  a  given  strength,  the  sum  of  the  quantities  of  heat 
evolved  in  the  battery  and  in  the  metallic  conductor  joining  its  poles,  is 
constant,  the  heat  actually  developed  in  the  one  part  or  the  other  varying 
according  to  the  thickness  of  the  metallic  conductor.  This  was  first  shown 
by  De  la  Rive,  and  has  been  confirmed  by  Favre.f  Be  la  Rive  made  use  of 
a  couple  consisting  of  platinum  and  distilled  fine  or  cadmium,  excited  by 
pure  and  very  strong  nitric  acid,  the  two  metals  being  united  by  a  platinum 
wire,  more  or  less  thick,  which  was  plunged  into  the  same  quantity  of  strong 
nitric  acid  contained  in  a  capsule  similar  to  that  which  held  the  voltaic 
couple.  By  observing  the  temperatures  in  the  two  vessels  with  delicate 
thermometers,  the  sum  of  these  temperatures  was  found  to  be  constant,  the 
one  or  the  other  being  greater  according  to  the  thickness  of  the  connecting 
wire. 

Favre,^  by  means  of  a  calorimeter,  similar  to  that  which  he  used  in  his 
experiments  on  the  development  of  heat  by  chemical  action,  has  shown 
that  in  a  pair  of  sine  and  platinum  plates,  excited  by  dilute  sulphuric  acid 
and  connected  by  platinum  wires  of  various  length  and  thickness,  for  every 
82*5  grams  of  zinc  dissolved,  a  quantity  of  heat  is  developed  in  the  entire 
circuit  equal  to  18,137  heat-units,  but  variously  distributed  between  the 
battery-cell  and  the  wire,  according  to  the  thickness  of  the  latter.  Now  this 
quantity  of  heat  is  nearly  the  same  as  that  which  is  evolved  in  the  simple 
solution  of  82*5  grams  of  zinc  in  dilute  sulphuric  acid,  without  the  formation 
of  a  voltaic  circuit,  viz.  18,444  units.  Hence  Favre  concludes  that  the  heat 
developed  by  the  resistance  of  a  metallic  or  other  conductor  connecting  (be 
poles  of  the  battery  is  simply  borrowed  from  the  total  quantity  of  heat 
evolved  by  the  chemical  action  taking  place  in  the  battery,  and  is  rigorously 
complementary  to  that  which  remains  in  the  cells  of  the  battery,  the  heat 
evolved  in  the  entire  circuit  being  the  exact  equivalent  of  the  chemical 
action  which  takes  place.     If  any  external  work  is  performed  by  the  cur- 

•  Phil.  M»tg.  [3]  xlx.  210.  t  Ann.  Ch.  Phy*.  [3J  xl.  393. 

X  ComptM  Rendua,  xlv.  56. 
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rent,  such  as  electrolysis,  or  mechanical  work,  or  by  an  electro  magnetic 
engine,  the  heat  cvolyed  in  the  circuit  is  diminished  by  the  heat-equivalent 
of  the  decomposition  or  mechanical  work  done. 

CRYSTALLIZATION ;  CRYSTALLINE  FORM. 
Almost  eTery  substance,  simple  or  compound,  capable  of  existing  in  the 
fioli'l  ^tate,  aiisumes,  under  favorable  circumstances,  a  distinct  geometrical 
form  or  figure,  usually  bounded  by  plane  surfaces,  and  having  angles  of 
fixed  and  constant  value.  The  faculty  of  crystallization  seems  to  be  denied 
only  to  a  few  bodies,  chiefly  highly  complex  organic  principles,  which  stand, 
ail  it  were,  upon  the  very  verge  of  organization,  and  whicli,  when  in  the 
stolid  state,  are  frequently  characterized  by  a  kind  of  beady  or  globular 
appearance,  well  known  to  microscopical  observers. 

The  most  beautiful  examples  of  crystallization  are  to  be  found  among 
natural  minerals,  the  results  of  exceedingly  slow  changes  constantly  occur- 
ring within  the  earth.  It  is  invariably  found  that  artiticial  crystals  of  salts, 
and  other  soluble  substances  which  have  been  slowly  and  quietly  deposited, 
surpass  in  size  and  regularity  those  of  more  rapid  formation. 

Solution  in  water  or  some  other  liquid  is  a  very  frequent  method  of 
effecting  crystallization.  If  the  substance  be  more  soluble  at  a  high  than 
at  a  low  temperature,  then  a  hot  and  saturated  solution  left  to  cool  slowly 
will  generally  be  found  to  furnish  crystals;  this  is  a  very  common  case 
with  salts  and  various  organic  principles.  If  it  be  equally  soluble,  or  nearly 
BO.  at  all  temperatures,  then  slow  spontaneous  evaporation  in  the  air,  or 
over  a  sarface  of  oil  of  vitriol,  often  proves  very  effective. 

Fusion  and  slow  cooling  may  be  employed  in  many  cases :  that  of  sulphur 
is  a  good  example:  the  metals,  when  thus  treated,  usually  afford  traces  of 
crystalline  figures,  which  sometimes  become  very  beautiful  and  distinct,  as 
with  bismuth.  A  third  condition  under  which  crystals  very  often  form  is 
in  passing  from  the  gaseous  to  the  solid  state,  of  which  iodine  affords  a 
gooi  instance.  When  by  any  of  these  means  time  is  allowed  for  the  sym- 
metrical arrangement  of  the  particles  of  matter  at  the  moment  of  solidifi- 
cation, crystals  are  produced. 

That  crystals  owe  their  figure  to  a  certain  regularity  of  internal  structure 
is  shown  both  by  their  mode  of  formation  and  also  by  the  peculiarities  at- 
tending their  fracture.  A  crystal  placed  in  a  slowly  evaporating  saturated 
solution  of  the  same  substance  grows  or  increases  by  a  continued  deposition 
of  fresh  matter  upon  its  sides,  in  such  a  manner  that  the  angles  formed  by 
the  meeting  of  the  latter  remain  unaltered. 

The  tendency  of  most  crystals  to  split  in  particular  directions,  called  by 
mineralogists  cleaoage,  is  a  certain  indication  of  regular  structure,  while 
the  curious  optical  properties  of  many  among  them,  and  their  remarkable 
mole  of  expansion  by  heat,  point  to  the  same  conclusion. 

It  may  be  laid  down  as  a  general  rule  that  every  substance  has  its  own 
cryabilline  form,  by  which  it  may  very  frequently  be  recognized  at  once  — 
not  that  each  substance  has  a  different  figure,  although  very  great  diversity 
in  this  rt?spect  is  to  be  found.  Some  forms  are  much  more  common  than 
others,  as  the  cube  and  six-sided  prism,  which  are  very  frequently  assumed 
by  a  number  of  bodies  not  in  any  way  related. 

The  same  substance  may  have,  under  different  sets  of  circumstances,  as 
high  and  low  temperatures,  two  different  crystalline  forms,  in  which  case 
it  is  said  to  be  dimorphous.  Sulphur  and  carbon  furnish,  as  already  noticed, 
examples  of  this  curious  fact ;  another  case  is  presented  by  calcium  car- 
bonate in  the  two  modifications  of  calc  spar  and  arragonite,  both  chemically 
the  same,  but  physically  different.  A  fourth  example  might  be  given  in 
mercuric  iodide,  which  also  has  two  distinct  forms,  and  even  two  distinct 
oolors,  offering  as  great  a  contrast  as  those  of  diamond  and  graphite. 

22* 
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The  kQglei  of  aryitals  are  meuured  b^  meftns  of  iDBtrumenta 
ntten,  ot  wliiob  there  are  two  ktnda  in  use,  nnnicly.  llie  old  or  c 
goniometer,  iiid  the  reflocting  goniometer  of  Dr.  Wolluton. 

The  (jommoD  goniometer  conBiflts  of  a  puir  of  sioel  blades  mOTing  with 
frioUoD  upon  s  oentre,  m  sbowa  in  Gg.  l&l.     The  edges  a  a  are  carefully 


a4jti*t^  to  the  faces  of  the  OTystal  whoB«  inclination  to  each  other  it  w 
requirod  to  ascenain.  and  then  the  inBtrument  being  appUed  to  the  diTided 
■emicircle,  tbe  contained  angle  ie  at  once  read  off.  An  approiinaiiTe 
measurement,  vrilbin  one  or  two  degreeii,  can  be  eaailj  obtained  hj  lbi« 
iniilrunient,  provided  tbe  plaaei  of  the  crystal  are  tolerably  perfect,  and 
large  enough  for  the  purpose.  Some  practice  is  of  course  required  before 
even  this  amount  of  accuracy  can  be  attained. 

The  reflecting  gonioroeter  is  a  very  superior  iastrument,  ita  indication! 
being  correct  within  a  fraction  of  a  degree :  it  is  applicable  aUo  to  the 
measurement  of  tbe  angles  of  crystals  of  very  small  site,  the  only  couditioa 
required  being  that  Iheir  planes  be  smoolli  and  britlinnt.  The  subjoined 
sketch  (Gg.  162)  will  convey  an  idea  of  its  nature  and  mode  of  use. 

ff§.va. 


(I  ii  *  divided  circle  or  diio  of  brass,  the  axis  of  wbich  passes  stiffly  ind 

without  shake  through  the  support  6.  This  axis  is  itself  pierced  to  admit 
the  passage  of  a  round  rod  or  wiro,  terniinnted  by  the  milled -edged  heid  c. 
and  destined  lo  carry  the  crysrnl  1o  be  mpnsiired,  by  means  of  the  joinlMl 
arm  d.     The  crystal  at  /  cnn  Ilius  be  turned  round,   or  adjusted  in  anj 
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•I  ^!%trctl  position,  without  the  necessity  of  moTing  the  di^c.  A  Ternier.  ^ 
i.niiitiTably  fixed  to  tiio  upright  support,  serves  to  measure  with  great  ac- 
curacy the  angular  motion  of  the  divided  circle. 

The  principle  upon  which  the  measurement  of  the  angle  rests  is  very 
simple.  If  the  two  adjacent  planes  of  a  crystal  be  successively  brouglit 
into  the  same  position,  the  nngle  through  which  the  crystal  will  have  moved 
will  be  th€  ttipplement  to  that  contained  between  the  ttco  plane*  If,  for  example, 
in  a  small  crystal,  c  a  6  (fig.  158)  be  the  angle  which  is  to  be  determinedi 

Ftff.lB8. 
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and  the  reflecting  surface  a  6  be  placed  in  such  a  position  that  the  reflection 
of  the  image  of  a  distant  point  S  seen  from  O  exactly  covers  a  point  £  lying 
in  the  line  of  the  reflected  ray,  then  the  other  side  a  c  of  the  angle  cab 
must  be  turned  through  the  angle  c  a/,  in  order  to  assume  the  same  po- 
sition, and  to  give  the  same  phenomena  as  the  plane  a  b  previously  did. 
The  angle  c  a  /  is  the  supplement  of  the  angle  cab.  All  that  is  required 
to  be  done,  therefore,  is  to  measure  the  angle  c  af  with  accuracy,  and  sub- 
tract its  value  from  180° ;  and  this  the  goniometer  effects. 

One  method  of  using  the  instrument  is  the  following:  —  The  goniometer 
is  placed  at  a  convenient  height  upon  a  steady  table  in  front  of  a  well 
illuminated  window.     Horixontally  across  the  latter,  at  the  height  of  eight 
or  nine  feet  from  the  ground,  is  stretched  a  narrow  black  ribbon,  while  a 
second  similar  ribbon,  adjusted  parallel  to  the  first,  is  fixed  beneath  the 
window,  a  foot  or  eighteen  inches  above  the  floor.     The  object  is  to  obtain 
two  easily  visible  black  lines,  perfectly  parallel.    The  crystal  to  be  examined 
is  attached  to  the  arm  of  the  goniometer  at  /  by  a  little  wax,  and  adjusted 
in  such  a  manner  that  the  edge  joining  the  two  planes  whose  inclination  is 
to  be  measured  shall  nearly  coincide  with,  or  be  parallel  to.  the  axis  of  the 
instrnment.     This  being  done,  the  adjustment  is  completed  in  the  following 
manner:  —  The  divided  circle  is  turned  until  the  sero  of  the  vernier  comes 
to  180® ;    the  crystal  is  then  moved  round  by  means  of  the  inner  axis  c 
(fig.  152)  until  the  eye  placed  near  it  perceives  the  image  of  the  upper 
blaiek  line  reflected  from  the  surface  of  one  of  the  planes  in  question.  Fol- 
lowing this  image,  the  crystal  is  still  cautiously  turned  until  the  upper  black 
line  seen  by  reflection  approaches  and  overlaps  the  lower  black  line  seen 
directly  by  another  portion  of  the  pupil.     It  is  obvious,  that  if  the  plane  of 
the  crystal  be  quite  parallel  to  the  axis  of  the  instrument  (the  latter  being 
horixontal),  the  two  lines  will  coincide  completely.    If,  however,  this  should 
not  be  the  case,  the  crystal  must  be  moved  upon  the  wax  until  the  two  lines 
fall  in  one  when  superposed.     The  second  face  of  the  crystal  must  then  be 
adjusted  in  the  same  manner,  care  being  taken  not  to  derange  the  position 
of  the  first.     \^hen  by  repeated  observation  it  is  found  that  both  have  been 
correctly  placed,  so  as  to  bring  the  edge  into  the  required  condition  of 
parallelism  with  the  axis  of  motion,  the  measurement  of  the  angle  may  be 
made. 
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For  thie  purpose  the  crystal  is  moved  as  before  by  the  inner  axis  until 
the  image  of  the  upper  line,  reflected  from  the  first  face  of  the  crystal, 
covers  the  lower  line  seen  directly.  The  great  circle,  carrying  the  whole 
with  it,  is  then  cautiously  turned  until  the  same  coincidence  of  the  upper 
with  the  lower  line  is  seen  by  moans  of  the  second  face  of  the  crystal  : 
that  is,  the  second  face  is  brought  into  exactly  the  same  position  as  that 
previously  occupied  by  the  first.  Nothing  then  remains  but  to  read  off  by 
the  vernier  the  angle  through  which  the  circle  has  been  moved  in  this^ 
operation.  The  division  upon  the  circle  itself  is  very  often  made  backu-arti^ 
so  that  the  angle  of  motion  is  not  obtained,  but  its  supplement,  or  the  angle 
of  the  crystal  required. 

It  may  be  necessary  to  remark,  that,  although  the  principle  of  the 
operation  described  is  in  the  highest  degree  simple,  its  successful  practice 
requires  considerable  skill  and  experience. 

If  a  crystal  of  tolerably  simple  form  be  attentively  considered,  it  will  be- 
come evident  that  certain  directions  can  be  pointed  out  in  which  straight 
lines  may  be  imagined  to  be  drawn,  passing  through  the  central  point  of 
the  crystal  from  side  to  side,  from  end  to  end,  or  from  one  angle  to  that 
opposed  to  it,  &c.,  about  which  lines  the  particles  of  matter  composing  the 
crystal  may  be  conceived  to  be  symmetrically  built  up.  Such  lines,  or  <rjrf«, 
are  not  always  purely  imaginary,  however,  as  may  be  inferred  from  the  re- 
markable optical  properties  of  many  crystals:  upon  their  number,  relative 
lengths,  position,  and  inclination  to  each  other,  depends  the  outward  figure 
of  the  crystal  itself. 

All  crystalline  forms  may  upon  this  plan  be  arranged  in  six  classes  or 
8y items;  these  are  the  following:   • 

1.  The  monometricy  regular,  or  cubic  si/stem.  —  The  crystals  of  this  division 
have  three  equal  axes,  all  placed  at  right  angles  to  each  other.  The  mo«t 
important  forms  are  the  cube  (I),  the  regular  octohedron  (2),  and  the  rhombic 
dodecahedron  (3). 

The  letters  a — a  (fig.  154)  show  the  termination  of  the  three  axes,  placed 
as  stated. 


Very  many  substances,  both  simple  and  compound,  assume  these  forms, 
as  most  of  the  metals,  carbon  in  the  state  of  diamond,  common  salt,  po- 
tassium iodide,  the  alums,  fluor-spar,  iron  bisulphide,  garnet,  spinelle.  &c. 

'2.  The  dimetrte,  quadrat ir,  square  prismatic,  or  pyramidal  system. — Three 
axes  are  here  also  observtni,  at  right  angles  to  each  other.  Of  these,  how- 
ever, two  only  are  of  equal  length,  the  third  being  longer  or  shorter.  The 
most  important  forms  are.  a  riyht  square  prism,  in  which  the  lateral  axes 
terminate  in  the  centrnl  point  of  each  pide  (1 );  a  second  right  square  prism, 
in  w^hich  the  axes  terminate  in  the  edges  (2)  ;-a  corresponding  pair  of  right, 
square-based  octahedrons  (3  and  4). 

Examples  of  these  forms  are  to  be  found  in  zircon,  native  stannic  oxide, 
apophyllite,  yellow  potassium  ferrocyanide,  &o. 
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Fig.  155. 


3 


PrincliMtl  or  TniioU 
6—6.  Secunuitry  or  lutoral  axM. 

S.  Tk^  rhomAohedral  tystem.  —  This  is  very  important  and  extensive ;  it  is 
characterised  by  four  axes,  three  of  which  are  equal,  in  the  same  plane, 
and  inclined  to  each  other  at  angles  of  60^,  while  the  fourth  or  principal 
axis  is  perpendicular  to  all.  The  regular  tix-Btded pritm  (1),  the  quartz-dodf 
cahedron  (2),  the  rhombohedron  (8),  and  a  aeeond  dodecahedron,  called  a 
*cal€nohedron,  whose  faces  are  scalene  triangles  (4),  belong  to  the  system  in 
question. 

^g.  156.  « 

12  3  4 


a — a.  Principal  azli. 
6—6.  Bocondary  axes. 

Examples  are  readily  found ;  as  in  ice,  calc  spar,  sodium  nitrate,  beryl, 
qaartz  or  rock-crystal,  and  the  semi-metals,  arsenic,  antimony,  and  tel- 
lurium. 

4.  The  trimetric^  rhombic^  or  right  pritmatie  system.  —  This  is  charncterized 
by  three  axes  of  unequal  lengths,  placed  at  right  angles  to  each  other,  as 


I.  Prlnc'pnl  axis, 
6—6,  e—c.  8<;c«m<lMry  axes. 


In  the  right  reeiangular  prism  (1),  the  right  rhombic  prism  (2),  the  rif/ht  ree- 
t^ngvlar-based  octohedron  (8),  and  the  right  rhombic-based  oclohedron  (4). 
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The  system  is  exemplified  in  sulphur  crystallized  at  a  low  temperature, 
arsenical  iron  pyrites,  potassium  nitrate  and  sulphate,  barium  eulpliate,  &c. 

5.  The  monoclinie  or  oblique  prismatic  tyBtem.  —  Crystals  belonfpng  to  Uiia 
group  have  also  three  axes,  which  may  be  all  unequal;  two  of  these  (the 
secondary)  are  placed  at  right  angles,  the  third  being  so  inclined  as  to  b« 
oblique  to  one  and  perpendicular  to  the  other.     To  this  system  may  oe  re« 


a — a.  PrincifNil  axis. 
6—6,  o— c  S<!cundar7  axes. 


•ferred  the  four  following  forms :  The  oblique  rectangular  prism  (1),  the  ohiique 
rhombic  prism  (2),  the  oblique  rectangular-based  octahedron  (3),  the  obliqite 
rhombic-based  octohedron  (4). 

Such  forms  are  taken  by  sulphur  crystallized  by  fusion  and  cooling,  real- 
gar, sulphate,  carbonate  and  phosphate  of  sodium,  borax,  green  Titriol, 
and  many  other  salts. 

6.  The  triclinic,  anorthie,  or  doubly  oblique  prismatic  system.  —  The  crys- 
talline forms  comprehended  in  this  division  are,  from  their  great  apparent 
irregularity,  exceedingly  difficult  to  study  and  understand.     In  them  are 

Fig.  159. 
18  8  4 


a — a.  Principal  rxIp.  am  before. 
6 — 6,  c-~c.  S4x:oudary  axen. 

traced  three  axes,  which  may  be  all  unequal  in  length,  and  are  all  oblique 
to  each  other,  as  in  the  two  doubly  oblique  prisms  (1  and  2),  and  in  the  cor- 
responding doubly  oblique  octahedrons  (3  and  4). 

Copper  sulphate,  bismuth  nitrate,  and  potassium  quadroxalate  afford 
illustrations  of  these  forms. 

If  a  crystal  increase  in  magnitude  by  equal  additions  on  every  part,  it  is 
quite  clear  that  its  figure  must  remain  unaltered:  but  if,  from  some  cause, 
this  increase  should  be  partial,  the  newly  deposited  matter  being  distributed 
unequally,  but  still  in  obedience  to  certain  definite  laws,  then  alterations 
of  form  are  produced,  giving  rise  to  figures  which  have  a  direct  geometri- 
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cal  conneetion  with  that  from  which  they  are  derived  If,  for  example,  in 
the  cube,  a  regular  omission  of  successive  rows  of  particles  of  matter  in  a 
crtain  order  be  made  at  each  solid  angle,  while  the  crystal  continues  to 
increase  elsewhere,  the  result  will  be  the  production  of  small  triangular 
planes,  which,  as  the  process  advances,  gradually  usurp  the  whole  of  the 
surface  of  the  crystal,  and  convert  the  cube  into  an  octohedron.     The  new 


Fig.l&H. 


Piuunge  of  cube  to  octohedron. 

planes  are  called  secondary ,  and  their  production  is  said  to  take  place  by 
regular  decrements  upon  the  solid  angles.  The  same  thing  may  happen  on 
the  edges  of  the  cube ;  a  new  figure,  the  rhombic  dodecahedron,  is  then 
generated.  The  modifications  which  can  thus  be  produced  of  the  original 
or  primary  figure  (all  of  which  are  subject  to  exact  gcometricnl  laws)  are 
very  numerous.  Several  distinct  modifications  may  be  present  at  the  same 
time,  and  thus  render  the  form  exceedingly  complex. 

Crystals  often  cleave  parallel  to  all  the  planes  of  the  primary  figure,  as  in 
Cftlc  spar,  which  offers  a  good  illustration  of  this  perfect  cleavage.  Some- 
times one  or  two  of  these  planes  have  a  kind  of  preference  over  the  rest  in 
this  respect,  the  crystal  splitting  readily  in  these  directions  only. 

Avery  curious  modification  of  the  figure  sometimes  occurs  by  the  exces- 
sive growth  of  each  alternate  plane  of  the  crystal;  the  rest  become  at 
length  obliterated,  and  the  crystal  aflsumes  the  character  called  hemihedral 
or  half^sided.  This  is  well  seen  in  the  production  of  the  tetrahedron  from 
Ihe  regular  octohedron,  and  of  the  rhombohedric  form  by  a  similar  change 
from  the  quartz-dodecahedron  already  figured. 

Fig.  161. 


Panage  of  octohetlron  to  tetrahedron. 

Forms  belonging  to  the  same  crystallographic  system  are  related  to  each 
other  by  several  natural  affinities. 

\.  It  19  only  the  simple  forms  of  the  same  system  thai  can  combine  into  a  com- 
pUx  form.  —  For  in  all  fully  developed  (holohedral)  natural  crystals  it  is 
found  that  all  the  similar  parts,  if  modified  at  all,  are  modified  in  an  ex- 
actly similar  manner  (in  hemihedral  forms,  half  the  similar  edges  and 
a&gles  alternately  situated  are  similarly  modified).  Now  this  can  be  the 
c&se  only  when  the  dominant  form  and  the  modifying  form  are  developed 
according  to  the  same  law  of  symmetry.  Thus,  if  a  cube  and  a  regular 
octohedron  are  developed  round  the  same  system  of  axe;*,  each  summit  of 
tbe  cube  is  cut  off  to  the  same  extent  by  a  face  of  the  octohedron,  or  vice 
tin&.    Bat  a  oube  could  never  combine  in  this  manner  with  a  rhombic  octo- 
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hcdron,  because  it  would  bo  imposfliblo  to  piace  the  two  forms  in  sack  «». 
manner  thut  similar  parts  of  the  one  should  throughout  replace  similar  par^A 
of  the  other. 

Tlie  crystals  of  each  system  are  thus  subject  to  a  peculiar  and  distinct  t^^tr 
of  modifications,  the  observation  of  which  very  frequently  constitutes  aja 
excellent  guide  to  the  discovery  of  the  primary  form  itself. 

2.    CrtfstaU  helonging  to  (he  same  system  are  tntimately  related  in  tkeir  €ptk^£ 
properties.  — Crystals  belonging  to  the  regular  system  (as  the  diamond,  alum* 
rock-salt,  &c. )  refract  light  in  the  same  manner  as  unorystallized  bodies  ; 
that  is  to  say,  they  have  but  one  refractive  index,  and  a  ray  of  light  passing 
through  them  in  any  direction  is  refracted  singly.     But  all  other  crystals 
refract  doubly,  that  is  to  say,  a  ray  of  light  passing  through  them  (exceps 
in  certain  directions)  is  split  into  two  rays,  the  one,  called  the  ordinary  ray» 
being  refracted  as  it  would  be  by  an  amorphous  body,  the  other,  called  the 
extraordinary  ray,  being  refracted  according  to  peculiar  and  more  complex 
laws  (see  Light).     Now  the  crystals  of  the  dimetrie  and  hexagonal  systems 
resemble  each  other  in  this  respect,  that  in  all  of  them  there  is  one  direc- 
tion, called  the  optic  axis,  or  axis  of  double  refraction  (coinciding  with  the 
principal  crystallographic   axis),  along  which  a  ray  of  light  is  refracted 
singly,  while  in  all  other  directions  it  is  refracted  doubly ;  whereas  in  errs- 
tals  belonging  to  the  other  systems,  viz.,  the  trimetric  and  the  two  oblique 
systems,  there  are  always  two  directions  or  axes,  along  which  a  ray  is  singly 
refracted. 

8.  Crystals  belonging  to  the  same  system  resemble  each  other  in  their  mode  of  eon- 
ducting  heat. — Amorphous  bodies  and  crystals  of  the  regular  system  con- 
duct heat  equally  in  all  directions,  so  that,  supposing  a  centre  of  heat  to 
exist  within  such  a  body,  the  isothermal  surfaces  will  be  spheres.  But 
crystals  of  the  dimetrie  and  hexagonal  systems  conduct  equally  only  in 
directions  perpendicular  to  the  principal  axis,  so  that  in  such  crystals  the 
isothermal  surfaces  are  ellipsoids  of  revolution  around  that  axis;  and 
crystals  belonging  to  either  of  the  three  other  systems  conduct  unequally 
in  all  directions,  so  that  in  them  the  isothermal  surfaces  are  ellipsoids  with 
three  unequal  axes. 

Relations  of  Form  and  Constitution;  Isomorphism, 

Certain  substances,  to  which  a  similar  chemical  constitution  is  ascribed, 
possess  the  remarkable  property  of  exactly  replacing  each  other  in  crys- 
tallized compounds  without  alteration  of  the  characteristic  geometrical 
figure.     Such  bodies  are  said  to  be  isomorphous.* 

For  example,  magnesia,  zinc  oxide,  cupric  oxide,  ferrous  oxide,  and 
nickel  oxide  are  allied  by  isomorphic  relations  of  the  most  intimate  nature. 
The  salts  formed  by  these  substances  with  the  same  acid  and  similar  pro- 
portions of  wat«r  of  crystallization,  are  identical  in  their  form,  and,  when 
of  the  same  color,  cannot  be  distinguished  by  the  eye:  the  sulphates  of 
magnesium  and  zinc  may  be  thus  confounded.  These  sulphates,  too,  all 
combine  with  potavssium  sulphate  and  ammonium  sulphate,  giving  rise  to 
double  salts,  whose  figure  is  the  same,  but  quite  different  from  that  of  the 
simple  sulphates.  Indeed  this  connection  between  identity  of  form  and 
parallelism  of  constitution  runs  through  all  their  combinations. 

In  the  same  manner  alumina  and  iron  sesquioxide  replace  each  other 
continually  without  change  of  crystalline  figure:  the  same  remark  may  be 
made  of  the  oxides  of  potassium,  sodium,  and  ammonium,  these  bodies 
being  strictly  isomorphous.  The  alumina  in  common  alum  may  be  replaced 
by  iron  sesquioxide,  the  potash  by  ammonia  or  by  soda,  and  still  the  figure 
of  the  crystal  remains  unchanged.     These  replacements  may  be  partial 

*  From  Jcof,  eqaal,  and  ftipfrit  >tuHpe  or  form. 
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odIj:  we  may  haTe  an  alum  containing  both  potash  and  ammonia,  or 
alumina  and  chromium  sesquioxide.  By  artificial  management — namely, 
by  transfarring  the  crystal  successiTely  to  different  solutions  —  we  may 
hare  theae  isomorphous  and  mutually  replacing  compounds  distributed  in 
different  layers  upon  the  same  crystal. 

For  these  reasons,  mixtures  of  isoniorphous  salts  can  never  be  separated 
by  crystallization,  unless  their  difference  of  solubility  is  very  great.  A 
mixed  solution  of  ferrous  sulphate  and  nickel  sulphate,  isomorphous  salts, 
yields  on  evaporation  crystals  containing  both  iron  aud  nickel.  But  if 
before  evaporation  the  ferrous  salt  be  converted  into  ferric  salt,  by  chlorine 
or  other  means,  thfin  the  crystals  obtained  arc  free  from  iron,  except  that 
of  the  mother-liquor  which  wets  them.  The  ferric  salt  is  no  longer  iso- 
morphous with  the  nickel  salt,  and  eusily  separates  from  the  latter. 

When  compounds  are  thus  found  to  correHpond,  it  is  inferred  that  the 
elements  composing  them  are  also  sometimes  isomorphous.  Thus,  the 
metals  magnesium,  zinc,  iron,  and  copper  are  presumed  to  be  isomorphous: 
arsenic  and  phosphorus  have  not  the  same  crystalline  form ;  nevertheless, 
they  are  said  to  be  isomorphous,  because  arsenic  and  phosphoric  acids  give 
rise  to  combinations  which  agree  most  completely  in  figure  and  constitution. 
The  chlorides,  iodides,  bromides,  and  fluorides  agree,  wheneyer  they  can 
be  observed,  in  the  most  perfect  manner :  hence  the  elements  themselves 
are  believed  to  be  also  isomorphous.  Unfortunately,  for  obvious  reasons, 
it  is  very  difficult  to  observe  the  crystalline  figure  of  most  of  the  elemen- 
tary bodies,  and  this  difficulty  is  increased  by  the  frequent  dimorphism 
they  exhibit. 

Absolute  identity  of  value  in  the  angles  of  crystals  is  not  always  ex- 
hibited by  isomorphous  substances.  In  other  words,  small  variations  often 
occur  in  the  magnitude  of  the  angles  of  crystals  of  compounds  which  in 
all  other  respects  show  the  closest  isomorphic  relations.  This  should  occa- 
sion no  surprise,  as  there  are  reasons  why  such  variations  might  be  ex- 
pected, the  chief  perhaps  being  the  unequal  effects  of  expansion  by  heat, 
by  which  the  angles  of  the  same  crystal  are  changed  by  alteration  of  tem- 
perature. A  good  example  is  found  in  the  case  of  the  carbonates  of  cal- 
cium, magnesium,  manganese,  iron,  and  zinc,  which  are  found  native  crys- 
tallized in  the  form  of  obtuse  rbombohedrons  (fig.  156),  not  distinguishable 
from  each  other  by  the  eye,  or  even  by  the  common  goniometer,  but  show- 
ing small  differences  when  examined  by  the  more  accurate  instrument  of 
Dr.  Wollaston.  These  compounds  are  isomorphous,  and  the  measurements 
of  the  obtuse  angles  of  their  rbombohedrons  are  as  follows : 

Calcium  carbonate 

Magnesium  " 

Manganous  "  ... 

Ferrous         " 

Zinc  **  .         .         , 

Anomalies  in  the  composition  of  various  earthy  minerals,  which  formerly 
threw  much  obseurity  upon  their  chemical  nature,  have  been  in  great 
measure  explained  by  these  discoveries.  Specimens  of  the  same  mineral 
from  different  localities  were  found  to  afford  very  discordant  results  on 
analysis.  But  the  proof  once  given  of  the  extent  to  which  substitution  of 
isomorphous  bodies  may  go,  without  destruction  of  what  may  be  called 
the  primitive  type  of  the  compound,  these  difficulties  vanish. 

Decision  of  a  doubtful  point  concerning  the  constitution  of  a  compound 
may  now  and  then  be  very  satisfactorily  made  by  a  reference  to  this  same 
law  of  isomorphism.  Thus,  alumina,  the  only  known  oxide  of  aluminium, 
is  judged  to  be  a  sesquioxide,  from  its  relation  to  sesquioxide  of  iron, 
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which  is  certainly  so ;  the  black  oxide  of  copper  is  inferred  to  be  reallj 
the  monoxide,  although  it  contains  twice  as  much  oxygen  as  the  red  oxide, 
because  it  is  isomorphous  with  magnesia  and  linc  oxide,  both  undoubted 
monoxides. 

The  subjoined  table  will  serve  to  convey  some  idea  of  the  most  important 
families  of  isomorphous  elements ;  it  is  taken,  with  slight  modification,  froa 
Professor  Graham's  Elements  of  Chemistry,*  to  which  the  pupil  is  referred 
for  fuller  details  on  this  interesting  subject : 


Itamorphous  Groups, 

a-) 

(8.) 

(6.) 

Sulphur 

Barium 

Sodium 

Selenium 

Strontium 

Silver 

Tellurium. 

Lead. 

Thallium 
Gold 

(2.) 

(4.) 

Potassium 

Magnesium 

Platinum 

^irefnofinim. 

Calcium 

Iridium 

Manganese 

Osmium. 

(7) 

Iron 

Chlorine 

Cobalt 

(5) 

Iodine 

Nickel 

Tin 

Bromine 

Zinc 

TiUnium 

Fluorine 

Cadmium 

Zirconium 

Cyanoffetu 

Copper 

Tungsten 

Chromium 

Molybdenum 

Phosphorus 

Aluminium 

Tantalum 

Glucinum. 

Niobium. 

Arsenic 
Antimony 
Bismuth 
Vanadium. 

A  comparison  of  this  table  with  that  on  page  286  will  show  that,  in  nanj 
instances,  isomorphous  elements  exhibit  equal  equivalence  or  combioing 
power,  and  more  generally  that  the  isomorphous  groups  consist  eitiier 
wholly  of  perissad  or  wholly  of  artiad  elements.  The  only  apparent  ex- 
ception to  this  rule  is  afforded  by  tantalum  and  niobium,  which,  altLough 
pentads,  are  isomorphous  with  tin,  tungsten,  and  other  tetrad  and  heitd 

elements. 

*  Second  Am.  edition,  p.  140. 
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I'^HB  meUkls  conatitute  the  aecond  and  larger  group  of  elementary  bodies. 
A  great  number  of  them  are  of  very  rare  occurrence,  being  found  only 
iu  a  few  scarce  minerals ;  others  are  more  abundant,  and  some  few  almost 
uQiTemally  diffused  throughout  the  globe.     Some  of  these  bodies  are  of 
tiio:»t  importance  when  in  the  metallic  state ;  others,  when  in  combination, 
chiefly  as  oxides,  the  metals  themseWes  being  almost  unknown.     Many  are 
used  in  medicine  and  in  the  arts,  and  are  essentially  connected  with  the 
progress  of  ciTilisation. 
If  arsenic  be  included,  the  metals  amount  to  fifty  in  number. 
Pkytieal  Properties. — One  of  the  most  remarkable  and  striking  charac- 
ters possessed  by  the  metals  is  their  peculiar  lustre :  this  is  so  character- 
istic, thai  the  expression  metallic  lustre  has  passed  into  common  speech. 
This  property  is  no  doubt  connected  with  the  extraordinary  degree  of  opa- 
city which  the  metals  present  in  every  instance.     The  thinnest  leaves  or 
plates,  and  the  edges  of  crystalline  laminae,  arrest  the  passage  of  light  in 
the  most  complete  manner.     An  exception  to  the  rule  is  usually  made  in 
favor  of  gold-leaf,  which,  when  held  up  to  the  daylight,  exhibits  a  greenish, 
and  in  some  eases  a  purple  color,  as  if  it  were  really  endued  with  a  certain 
degree  of  translueency :  the  metallic  film  is,  however,  generally  so  imper- 
fect that  it  is  somewhat  difficult  to  say  whether  the  observed  effect  may  not 
be  in  some  measure  due  to  multitudes  of  little  holes,  many  of  which  are 
visible  to  the  naked  eye;  but  Faraday's  experiments  have  established  the 
translaceney  of  gold  beyond  all  doubt. 

In  point  of  color,  the  metals  present  a  certain  degree  of  uniformity :  with 
two  exceptions  —  vix.,  copper,  which  is  red,  and  gold,  which  is  yellow  — 
all  these  bodies  are  included  between  the  pure  white  of  silver  and  the 
bluish-gray  tint  of  lead :  bismuth,  it  is  true,  has  a  pinkish  color,  and  cal- 
eitun  and  strontium  a  yellowish  tint,  but  these  tints  are  very  feeble. 

The  differences  of  tpecifie  gramty  are  very  wide,  passing  from  lithium, 
potassium,  and  sodium,  which  are  lighter  than  water,  to  platinum,  which  is 
nearly  twenty-one  times  heavier  than  an  equal  bulk  of  that  liquid. 

Tabu  of  the  %>ecifie  Oravities  of  MeiaU  at  15-5<'  C.  (60°  F.) 


Platinum     . 

.     21-50 

Gold       .        .        .        . 

19-50 

Uranium     . 

.     18-4 

Tungsten 
Mercury     . 
Palladium 

17-60 
.     18-59 

11-30  to  11-8 

Lead  .... 

.     11-45 

Silver     .         .         .         . 

10-50 

Bismuth 

.       9-90 

Copper  .        .         .         . 
Nickel 

8-96 
.       8-80 

Cadmium        .  ^     . 

8-70 

Molybdenum 

.       8  63 
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Cobalt      ....  B-6i 

Manganese    ....  S-00 

Iron  ....  7-79 

Tin 7-29 

Zioe         ....  6-g6toT-I 
Antimony     .                          .6  80 

Tellurium  .       .         .  G'll 

Arsenic         .         .        .        .  G-S8   . 

AlumiDium  .  2-66  to  2-67 

Magnesium  .         .  .1-75 

Sodium     ....  0-972 

PatoBBinm    ....  0-865 

Liibium    ....  O-SSS 

The  property  of  malleabiliiy,  or  power  of  extension  under  the  hammer, 
or  between  the  rollers  of  tlis  flstting-mill.  is  possessed  by  eertkin  of  ibe 
metnls  to  a  Terv  great  extent,  Ould-leaf  is  a  remarkable  example  of  the 
tenuity  to  wliich  a  malleable  metal  may  be  brought  by  suitable  means.  The 
gilding  on  eiUer  wire  used  in  the  manuractnre  of  gold  laoe  is  even  ItaiDDer. 
and  yet  presents  an  unbroken  surface.  Silver  may  be  beaten  out  very  thin  — 
copper  also,  but  lo  an  inferior  extent ;  tin  and  platinum  are  casilj  rolled 
out  into  foil;  iron,  palladium,  lead,  nickel,  cadmium,  the  ractsli  of  the 
alkalies,  and  mercury  when  solidified,  are  also  malleable.  Zino  may  be 
placed  midway  between  the  malleable  and  brittle  divisioo ;  then  perfaape 
bismuth ;  and,  lastly,  such  metals  as  antimony  and  arsenic,  which  are  al- 
together destitute  of  malleabiliiy. 

The  specific  gravity  of  malleable  metals  is  Dsually  very  aensibly  increased 
by  pressure  or  blows,  and  the  metals  themseltes  are  rendered  much  harder, 
with  a  tendency  to  brittleness.  This  condition  is  destroyed  and  tiie  formrr 
■oft  state  restored  by  the  operation  of  annealmg,  which  consists  in  healing 
the  metal  to  redness  out  of  contact  with  air  (if  il  will  bear  thnt  temperature 
without  tVision).  and  cooling  it  quickly  or  slowly  according  to  the  circum- 
Elances  of  the  esse.  After  this  operation,  it  is  found  to  possess  its  original 
specific  gravity. 

Uucltlily  is  n  property  dinlinci  from  tha  last,  inasmuch  as  it  involves  the 

principle  of  tenacity,  or  power  of  resisting  tension.     The 

Fig.  102.  art  of  wire-drawing  in  one  of  great  antiquity ;   it  consists  in 

_  drawing  rods  of  metal  through   a  Bucceseion  of  trumpet- 

.'\A  shaped  holes  in  a  steel  plale,  eooh  being  a  little  smaller  Ibsa 

!      1  its  predecessor,  until  the  requisite  degree  of  fineneoa  is  at- 

I  (  I  tained.     The  metal  oflen  becomes  very  hard  and  rigid  in 

i  ,  I  this  process,  and  is  then  liable  to  break  ;  this  is  remedied  by 

I  (  I  annealing.     The  order  of  tenacity  auiong  the  melals  Buscep- 

I  ,  I  lible  of  being  easily  drawn  into  wire  is  the  following:  it  ia 

\.I  determined  by  observing   the  weights  reqnired  to  bresk 

<-'  •BUOder  wires  drawn  through  the  same  orifice  of  the  plate; 


Silver  I  Lead. , 

Metals  differ  as  much  in  futibUily  as  in  density.  The  following  table  will 
give  an  idea  of  their  relations  to  heat.  The  melting-points  of  the  meiila 
which  fuse  only  at  a  temperature  above  ignition,  and  thnt  of  sine,  are  on 
the  authority  of  the  late  I'rorexsor  Daniel),  having  been  observed  bj  tha 
help  of  bis  pyrometer  before  described; 
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Fnsible  b«low 
a  red  heat. 


Mercury 

Rubidium 

Potassium 

Sodium     . 

Lithium 

Tin    . 

Cadmium 

Bismuth    . 

Thallium 

Lead 


•6 

•7 


F. 

101-8 
.     144 

207 
.     856 

442 
(about)  442 

497 
.     561 

617 


Melting  pointi. 

a 

-^9-44» 
88-5 
62-5 
97-6 

180 

227-8 

228 

258 

294 

826 


Tellurium — rather  less  fusible  than  lead. 
Arsenic  —  unknown. 

Zinc 778 

Antimonj — just  below  redness. 


412 


Infusible  below 
a  red  heat. 


Silver  . 

Copper 

Qold      . 

Cast-iron  . 

Pure  iron 

Nickel 

Cobalt 

Manganese 

Palladium 

Molybdenum 

Uranium 

Tungsten 

Chromium 

Titanium 

Cerium 

Osmium 

Iridium 

Rhodium 

Platinum 

Tantalum 


Highest  heat  of  forge. 


Meltinff  polntt. 

F. 

0. 

1878* 

1028® 

1996 

1091 

2016 

1102 

2786 

1580 

Agglomerate,  but  do  not  melt  in  the 
forge. 


. 


Infusible  in  ordinary  blast-furnaces; 
fusible  by  oxy-hydrogen  blowpipe. 


Some  metals  acquire  a  pasty  or  adhesive  state  before  becoming  fluid: 
this  is  the  ca^  with  iron  and  platinum,  and  also  with  the  metals  of  the 
alkalies.  It  is  this  peculiarity  which  confers  the  very  valuable  property  of 
welding,  by  which  pieces  of  iron  and  steel  are  united  without  solder,  and 
the  finely  divided  metallic  sponge  of  platinum  is  converted  into  a  solid  and 
compact  bar. 

Volatility  is  possessed  by  certain  members  of  this  class,  and  perhaps  by 
all,  could  temperatures  sufficiently  elevated  be  obtained.  Mercury  boils 
and  distils  below  a  red  heat;  potassium,  sodium,  tine,  magnesium,  and 
cadmium  rise  in  vapor  when  heated  to  bright  redness ;  arsenio  and  tellu- 
rium are  volatile. 

28* 
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CHEMICAL  RELATIONS  OP  THE  METALS. 

Metallic  combinations  are  of  two  kinds — namely,  those  formed  by  the 
union  of  mutals  among  themselves,  which  are  called  alloys,  or,  where  mer- 
cury is  concerned,  amalgams;  and  those  generated  by  combination  with 
the  non-metallic  elements,  as  oxides,  chlorides,  sulphides,  &c.  In  this 
latter  case,  tbe  metallic  characters  are  almost  invariably  lost. 

Alloys. — Most  metals  are  probably,  to  some  extent,  capable  of  existlai; 
in  a  state  of  combination  with  each  other  in  definite  proportions;  but  ic 
is  difficult  to  obtain  these  compounds  in  a  separate  condition,  since  thev 
dissolve  in  all  proportions  in  the  melted  metahi,  and  do  not  generally  differ 
so  widely  in  their  melting  points  from  the  metals  they  may  be  mixed  with, 
as  to  be  separated  by  crystallization  in  a  definite  condition.  Exceptions 
to  this  rule  are  met  with  in  the  cooling  of  argentiferous  lead,  the  crystal- 
lization of  brass,  and  of  gun-metal. 

The  chemical  force  capable  of  being  exerted  between  different  metals  is 
for  the  most  part  very  feeble,  and  the  consequent  state  of  combination  is 
therefore  very  easily  disturbed  by  the  influence  of  other  forces.  The 
stability  of  such  metallic  compounds  is,  however,  greater  in  proportion  to 
the  general  chemical  dissimilarity  of  the  metals  they  contain.  But  in  sll 
cases  of  combination  between  metals,  the  alteration  of  physical  character?, 
which  is  the  distinctive  feature  of  chemical  combination,  does  not  take 
place  to  any  great  extent.  The  most  unquestionable  compounds  of  metals 
with  metals  are  still  metallic  in  their  general  physical  characters,  and  there 
is  no  such  transmutation  of  the  individuality  of  their  constituents  as  takes 
place  in  the  combination  of  a  metal  with  oxygen,  or  sulphur,  chlorine,  &c. 
The  alteration  of  characters  in  alloys  is  generally  limited  to  the  color,  de- 
grec  of  hardness,  tenacity,  &o.,  and  it  is  only  when  the  constituent  metftls 
are  capable  of  assuming  opposite  chemical  relations  that  these  compounds 
are  distinguished  by  great  brittlencss. 

The  formation  of  actual  chemical  compounds,  in  some  cases,  when  two 
metals  are  melted  together,  is  indicated  by  several  phenomena,  viz.,  the 
evolution  of  heat,  as  in  the  case  of  platinum  and  tin,  copper  and  zinc,  &c. 
The  density  of  alloys  differs  from  that  of  mere  mixtures  of  the  metals. 
In  the  solidification  of  alloys,  the  temperature  does  not  always  fall  uni- 
formly, but  often  remains  stationary  at  particular  degrees,  which  may  be 
regarded  as  the  solidifying  points  of  the  compounds  then  crystallizing. 
Tin  and  lead  melted  together  in  any  proportions  always  form  a  compound 
which  solidifies  at  187**  C.  The  melting-point  of  an  alloy  is  often  very 
different  from  the  point  of  solidification,  and  it  is  generally  lower  than 
the  mean  melting  point  of  the  constituent  metals. 

But  though  metals  may  combine  when  melted  together,  it  is  doubtful 
whether  they  remain  combined  after  the  polidification  of  the  mass,  and  the 
wide  differences  between  the  melting  and  solidifying  points  of  certain  alloys 
appear  to  indicate  that  the  existence  of  these  compounds  is  limited  to  a 
certain  range  of  temperature.  Matthiessen*  r«>gards  it  as  probable  that 
the  condition  of  an  alloy  of  two  metals  in  the  liquid  state  may  be  either 
that  of — 1.  A  solution  of  one  metal  in  another;  2.  Chemical  combination; 
3.  Mechanical  mixture;  or,  4.  A  solution  or  mixture  of  two  or  all  of  the 
above ;  and  that  similar  differences  may  obtain  as  to  its  condition  in  the 
solid  state. 

The  chemical  action  of  reagents  upon  alloys  is  sometimes  very  different 
from  their  action  upon  metals  in  the  separate  state :  thus,  platinum  alloyed 

*  British  Associntioii  Reports,  1863,  p.  07. 
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with  stiver  is  readily  dissolved  bj  nitric  aoid.  but  is  not  affected  by  that 
acid  when  unallojed.  On  the  contrary,  silver,  which  in  the  separate  state 
is  readily  dissolved  by  nitric  acid,  is  not  dissolved  by  it  when  alloyed  with 
gold  in  proportions  mnch  less  than  one  fourth  of  the  alloy  by  weight. 

COMPOUirDS  OF  MBTAX8  WITH  METALLOIDS.— CLA8SI?ICATI0N  OF  HKTAL8. 

A  classification  of  the  metals  according  to  their  equivalence  or  atomicity 
is  given  in  the  table  on  p.  236,  each  of  the  classes  thus  formed  being  divided 
iDto  groups,  the  individual  members  of  which  possess  certain  physical  or 
chemical  characters  in  common. 

Class  I.  —  Monad  MetaU,  —  1.  Among  these  metals  poiauivm,  sodium, 
fsrnvm,  rubidium,  and  lithium  are  called  alkali-metaU,  They  are  soft,  easily 
fiuible,  volatile  at  higher  temperatures ;  combine  very  energetically  with 
oxygen;  decompose  water  at  all  temperatures;  and  form  strongly  basic 
oxides,  which  are  very  soluble  in  water,  yielding  powerfully  caustic  and 
alkiiline  hydrates,  from  which  the  water  cannot  be  expelled  by  heat.  Their 
carbonates  are  soluble  in  water,  and  each  metal  forms  only  one  chloride. 
The  hypothetical  metal  ammonium^  NH^  (p.  348),  is  usually  added  to  the  list 
of  alkali-metals,  on  account  of  the  general  similarity  of  its  compounds  to 
those  of  pot-assium  and  sodium. 

2.  Silver  differs  greatly  from  the  alkali-metals  in  its  physical  and  most  of 
its  chemical  properties,  but  it  is  related  to  them  by  the  isomorphism  of 
some  of  its  compounds  with  the  corresponding  compouuds  of  those  metals; 
thus  it  forms  an  alum,  similar  in  form  and  composition  to  ordinary  potash 
alum. 

CiAss  11.  —  Ihfad  MetaU. — 1.  The  three  metals,  barium,  strontium,  and 
ealaum,  form  oxides  called  alkaline  earths,  less  soluble  in  water  than  the  true 
alkalies,  but  exhibiting  similar  taste,  causticity,  and  action  on  vegetable 
colors.  The  metals  of  this  group  form  but  one  chloride,  «.y.  BaCl,;  their 
carbonates  are  insoluble  in  water,  and  barium  sulphate  is  also  insoluble ; 
strontiam  and  calcium  sulphates  slightly  soluble. 

2.  The  metals  of  the  next  group,  viz.  glucinum,  thorinum,  yttrium,  erbium, 
linikamtm,  and  didpmium,  form  oxides  called  earths,  which  are  insoluble  in 
vater,  and  cannot  be  reduced  to  the  metallic  state  by  hydrogen  or  carbon ; 
their  carbonates  are  insoluble  in  water,  their  sulphates  soluble.  These 
metals  also  form  but  one  chloride,  viz.  a  dichloride.  They  are  all  very  rare. 
•3.  Magnesium,  tine,  and  cadmium  resemble  one  another  in  being  volatile  at 
high  temperatures,  and  burning  when  heated  in  the  air ;  they  decompose 
w-iter  at  high  temperatures,  eliminate  hydrogen  from  dilute  acids,  and  form 
ooly  one  oxide  and  one  chloride,  e.g.  ZnO  and  ZnCl,.  Magnesium  was  for- 
merly classed  as  an  earth-metal,  but  it  bears  a  much  closer  analogy  to  zinc. 
4.  Mereurtf  and  copper  each  form  two  chlorides  and  two  oxides  :  mercury, 
for  example,  forms  the  two  chlorides,  HgCl,,  and  IIsTjCIj,  and  the  two  oxides, 

HgO  and  Hg-0.     Mercurous  chloride  (calomel)  is  represented  by  the  for- 
Hg-Cl  Hg 

mala    I  ,  and  the  corresponding  oxide  by    I  >0.     The  copper  com- 

Hg— CI  Hg 

poands  are  similarly  constituted.     These  metals  do  not  decompose  water  at 

wy  temperature ;  they  are  oxidized  by  nitric  and  by  strong  sulphuric  acid. 

The  oxides  of  mercury  are  reduced  to  the  metallic  state  by  heat  alone; 

those  of  copper,  by  ignition  with  hydrogen  or  charcoal. 

Class  III. — Triad  Metals.  —  The  only  two  metals  belonging  to  this  class 
are  thallium  and  gold.  Each  of  them  forms  a  monochloridc  and  a  trichlo- 
ride, also  corresponding  oxides,  e.g.  gold  chlorides,  AuCl  and  AuCl^;  oxides. 
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Au^O  and  Aii^O,.  The  mono-compounds  of  thallium  are  much  more  si&blo 
than  the  tri-compounds,  and  in  respect  of  these  compounds  thallium  exhibits 
very  close  analogies  with  the  alkali-metals,  forming,  for  example,  an  aluna 
isomorphous  with  common  potash  alum,  and  phosphates  analogous  in  eoi&- 
position  to  the  phosphates  of  sodium. 

Class  IV.  —  Tetrad  Metalt.  —  1.  Platinum^  palladium,  iridhtm,  rhodmm, 
ruthenium,  and  osmium  form  a  natural  group  of  metals,  occurring  together 
in  the  metallic  state,  and  resembling  each  other  in  many  of  tiieir  proper- 
ties. Platinum  and  palladium  form  dichlorides  and  tetrachlorides,  wiili 
corresponding  oxides,  as,  e.g.,  PtCl,,  PtCl^.  PtO,  PtO^  Iridium  forms  a 
dichloride,  a  tetrachloride,  and  an  intermediate  chloride,  Ir^Cl^,  which  may 
be  regarded  as  a  compound  of  the  other  two,  or  as  constituted  according  to 

IrCl, 
the  formula  I  Ruthenium  and  osmium  form  chlorides  similar  in  con- 

IrCl, 
stitution  to  those  of  iridium  ;  rhodium  only  a  dichloride,  RhCl^  and  a  tri- 
chloride, Rh^Clf.  All  these  metals  form  oxides  analogous  in  composition 
to  their  chlorides,  e.  g,  IrO,  Ir^O^,  IrO,  and  likewise  higher  oxides,  iridium 
and  rhodium  forming  trioxides,  IrO,  and  RhO,,  and  osmium  and  ruthenium 
forming  tetroxides,  O8O4  and  RuO^:  whence  it  might  be  inferred  that 
iridium  and  rhodium  are  hexad,  osmium  and  ruthenium  octads ;  but  there 
are  no  chlorides  corresponding  to  these  oxides,  and,  as  already  observed 
(p.  855),  the  atomicity  of  an  element  cannot  be  inferred  from  the  composi- 
tion of  its  oxides.  The  metals  of  the  platinum  group  are  not  acted  upon  by 
nitric  acid,  but  only  by  chlorine  or  nitromuriatic  acid.  With  the  exception 
of  osmium,  they  do  not  oxidize  in  the  air  at  any  temperature,  and  their 
oxides  are  all  reducible  by  heat  alone.  These  metals,  together  with  gold, 
silver,  and  mercury,  which  likewise  exhibit  the  last-mentioned  character, 
are  sometimes  called  noble  metaU, 

2.  Tin  and  titanium  are  closely  related  to  silicium,  each  forming  a  volatile 
tetrachloride;  namely,  stannic  chloride',  SnCl^.  and  titanic  chloride,  TiG^, 
together  with  the  corresponding  oxides.  Tin  likewise  forms  the  stannous 
compounds,  in  which  it  is  bivalent,  e.g.,  SnClj,  SnO;  and  titanium  forms 
the  titanous  compounds,  in  which  it  is  apparently  trivalent,  but  really 
quadrivalent,  like  aluminium. 

8.  Lead  stands  by  itself.  Its  quadrivalence  is  inferred  from  the  compo- 
sition of  plumho-telrethide,  Pb(C2Hg)4;  but  in  most  of  its  compounds  it  is 
bivalent,  forming  only  one  chloride,  PbCl,,  with  corresponding  iodide, 
bromide,  and  fluoride.  It  forms  also  the  corresponding  oxide,  PbO,  together 
with  a  lower  oxide,  Pb,0,  and  three  higher  oxides,  Pb,04,  Pb^O^,  and  PbO^ 
Lead  is  allied  to  barium  and  strontium  by  isomorphism  of  its  sulphate  witK 
the  sulphates  of  barium  and  strontium,  and  to  silver,  thallium,  and  mercury 
by  the  sparing  solubility  of  its  chloride,  which  is  precipitated  by  hydro- 
chloric acid  from  solutions  of  lead  salts. 

4.  Zirconium  forms  a  tetrachloride,  ZrCl4,  and  a  dioxide,  ZrO,.  .^ZtimimHiii 
is  inferred  to  be  tetradic  from  its  analogy  to  iron  in  the  ferric  compounds, 
but  it  forms  only  one  class  of  salts  in  which  it  is  apparently  trivalent,  the 

AlClj  0=AI 

chloride  being  ALClg  =  I        ,  and  the  oxide  |  >0.      Aluminium  and 

AICI3  0=A1 

zirconium  belong  to  the  class  of  earth-metals,  and  will  be  described  in  con- 
nection with  them. 

5.  The  Iron  group  comprises  rron,  manganese,  cobalt,  nickel,  uranium,  cerium, 
and  indium.  The  ntomicity  of  these  metals  has  already  been  discussed. 
Manganese  forms  a  chloride  of  somewhat  doubtful  composition,  in  which  it 
is  apparently  septivalent ;  but  the  rest  do  not  form  any  compounds  with 
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monad  elements  in  which  they  exhibit  an  equivalent  value  greater  than  4. 
All  these  metals  decompose  water  at  high  temperatures.  N\ckel  and  cobalt 
are  nm^etic,  like  iron,  and  their  salts  are  iaomorphous  with  the  cor- 
responding iron  compounds.  Indium  is  a*very  rare  metal,  which  has  been 
but  imperfectly  examined,  but  it  probably  belongs  to  the  same  group. 

C1.A8S  y. — PmUtd  Metals.  —  1.  Arteme  and  antimony/  form  trichlorides  and 
pentachlorides  analogous  to  those  of  phosphorus,  also  the  corresponding 
oxides.      Bismuth  forms  a  Tolatile  trichloride,  and  a  diohloride,  Bi.CI., 

BiCla 
or       I        .     Vanadium  was  formerly  supposed  to  belong  to  the  tungsten 

BiCl, 
gronp,  but  it  has  lately  been  shown  to  be  a  pentad.  Its  chlorides  are  not 
known,  but  it  forms  an  oxycbloride,  YOCI,,  analogous  to  phosphorus  oxy- 
chloride ;  also  the  oxides,  VjO,  and  Vfl^^  analogous  to  those  of  phosphorus 
and  arsenic,  the  latter  y^ielding  a  series  of  salts,  the  vanadates,  isomorphous 
with  the  phosphates  and  arsenates  of  corresponding  composition. 

2.  Tantalum  and  stodmm,  formerly  regarded  as  tetrads,  have  lately  been 
shown  by  Marignac  to  form  pentachlorides  and  pentoxides.  The  oxides  of 
the  pentad  metals  are,  for  the  most  part,  of  acid  character. 

C1.ASS  VL — Hexad  Metals,  —  1.  Chnnnium  forms  a  hexfluoride,  CrF^,  and 
B  corresponding  oxide,  CrO|.  It  likewise  forms  two  series  of  compounds, 
in  which  it  exhibits  lower  degrees  of  equivalence,  viz.,  the  chromic  com- 
pounds analogous  to  the  ferric  compounds,  in  which  it  is  apparently  tri- 

valent,  but  really  quadrivalent ;  e,g.j  chromic  chloride,  Cr^Cl^  or   |  , 

Or'^'  CI. 
and  the  chromous  compounds,  analogous  to  the  ferrous  compounds,  in  which 
it  is  bivalent,  e.g.,  Cr'-'Cl,,  Cr-'-'O. 

2.  Tungsten  forms  a  hexchloride,  WC1«.  and  the  corresponding  oxide, 
WO^  Molybdenum  is  not  known  to  form  a  chloride  higher  than  MoCl^,  but 
its  trioxide,  M0O3,  is  known;  and  from  the  general  similarity  of  the  tung- 
sten and  molybdenum  compounds,  the  latter  metal  is  inferred  to  the  hexadic. 

The  metals  of  the  alkalies  and  alkaline  earths,  on  account  of  their  inferior 
specific  gravity,  are  often  called  light  metals ;  the  others,  heavy  metals. 


Kotallie  Chlorides.  —  All  metals  combine  with  chlorine,  and  most  of  them 
in  several  proportions,  as  above  indicated,  forming  compounds  which  may 
be  regarded  as  derived  from  one  or  more  molecules  of  hydrochloric  acid, 
by  substitution  of  a  metal  for  an  equivalent  quantity  of  hydrogen ;  thus : 


From  HCl     are  derived  monochlorides  like  KCl 
•«     H,Clg  "  dichlorides  "     Ba'^'Clj, 

"      H5CI3  "  trichlorides        "    AuCl, 

"     H^Cl^  «*  tetrachlorides    "     8n"Ci4,  &o.  &c. 

Hydrochloric  acid  may,  in  fact,  be  regarded  as  the  type  of  chlorides  in 
general. 

Several  chlorides  occur  as  natural  products.  Sodium  chloride,  or  com- 
mon salt,  occurs  in  enormous  quantities,  both  in  the  solid  state  as  rock-salt, 
and  difflclved  in  sea-water,  and  in  the  water  of  rivers  and  springs.  Po- 
tiixpittin  chloride  occurs  in  the  same  forms,  but  in  smaller  quantity ;  the 
ciilorides  of  lithium,  c»sium,  rubidium,  und  thallium  also  occur  in  small 
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qu|i,ntitic8  in  certain  spring  waters.     Mercurons  chloride,  Hg,Cl,,  and  silver 
chloride,  AgCl,  occur  as  natural  minerals. 

1.  Chlorides  are  generally  prepared  by  one  or  other  of  the  following 
processes:  1.  By  acting  upon  the  metal  with  chlorine  gas.  Antimony  pes- 
tachloride  and  copper  dichloride  are  examples  of  chlorides  sometimes  pro- 
duced in  this  manner.  The  chlorides  of  gold  and  platinum  are  usually  pre- 
pared by  acting  upon  the  metals  with  nascent  chlorine,  developed  by  hydro- 
chloric and  nitric  acids.  Sometimes,  on  the  other  hand,  the  metal  is  in  a 
nascent  state,  as  when  titanic  ohluride  is  formed  by  passing  a  current  of 
chlorine  over  a  heated  mixture  of  charcoal  and  titanic  oxide.  The  chlo- 
rides of  aluminium  and  chromium  may  be  obtained  by  similar  processes. 

2.  Chlorine  gas,  by  its  action  upon  metallic  oxides,  drives  out  the  oxygen, 
and  unites  with  the  respective  metals  to  form  chlorides.  This  reactioo 
sometimes  takes  place  at  ordinary  temperatures,  as  is  the  case  with  silver 
oxide;  sometimes  only  at  a  red  heat,  as  is  the  case  with  the  oxides  of  the 
alkalies  and  alkaline  earth-metals.  The  hydrates  and  carbonates  of  these 
last  metals,  when  dissolved  or  suspended  in  hot  water  and  treated  with  ex- 
cess of  chlorine,  are  converted,  chiefly  into  chlorides,  partly  into  chlorates. 

3.  Many  metallic  chlorides  are  prepared  by  acting  upon  the  metals  with 
hydrochloric  acid.  Zinc,  cadmium,  iron,  nickel,  cobalt,  and  tin  dissolve 
readily  in  hydrochloric  acid,  with  liberation  of  hydrogen  ;  copper  only  in 
the  strong  boiling  acid;  silver,  mercury,  palladium,  platinum,  and  gold, 
not  at  all.  Sometimes  the  metal  is  substituted,  not  for  hydrogen,  but  for 
some  other  metal.  Stannous  chloride,  for  instance,  is  frequently  made  by 
distilling  metallic  tin  with  mercuric  chloride;  thus:  2HgC1,-f-Si^t=^'^^^ 
+  Hg.. 

4.  By  dissolving  a  metallic  oxide,  hydrate,  or  carbonate  in  hydrochloric 
acid. 

All  monochlorides  and  dichlorides  are  soluble  in  water,  excepting  silver 
chloride,  AgCl,  and  mercurous  chloride,  Hg^CL;  lead  chloride,  PbCl^  is 
sparingly  soluble ;  these  three  chlorides  are  easily  formed  by  precipitation. 
Many  metallic  chlorides  dissolve  also  in  alcohol  and  in  ether. 

Most  monochlorides,  dichlorides,  and  trichlorides  volatilise  at  high  tem- 
peratures without  decomposition :  the  higher  chlorides,  when  heated,  give 
off  part  of  their  chlorine.  Some  chlorides  which  resist  the  action  of  heat 
alone  are  decomposed  by  ignition  in  the  air,  yielding  metallic  oxides  and 
free  chlorine :  this  is  the  case  with  the  dichlorides  of  iron  and  manganese; 
but  most  dichlorides  remain  undecomposed,  even  in  this  case.  All  metallic 
chlorides,  excepting  those  of  the  alkali-metals  and  earth-metals,  are  de- 
composed at  a  red  heat  by  hydrogen  gas,  with  formation  of  hydrochloric 
acid :  in  this  way,  metallic  iron  may  be  obtained  in  fine  cubical  crystals. 
Silver  chloride  placed  in  contact  with  metallic  zinc  or  iron,  under  dilute  sul- 
phuric or  hydrochloric  acid,  is  reduced  to  the  metallic  state  by  the  nascent 
hydrogen. 

Sulphuric,  phosphoric,  boric,  and  arsenic  acids  decompose  most  metallic 
chlorides,  sometimes  at  ordinary,  sometimes  at  higher  temperatures.  All 
metallic  chlorides,  heated  with  lead  dioxide  or  manganese  dioxide  and  sul- 
phuric acid,  give  off  chlorine,  t.  g. : 

2NaCl  +   MnO,   -f   2S0^H,  =  SO^Na,  -f   SO^Mn   -f  20H,  +  Cl^ 

S(»diiira        Hntig)in<«e        Sulphuric  Bixlinm       .    Mangnnoaa 

chloride.         dioxide.  acid.  snlpbate.  salphate. 

Chlorides  distilled  with  sulphuric  acid  and  potassium  chromate,  yield  a 
dark  bluish-red  distillate  of  chromic  oxychloride.  Some  metallic  chlorides 
are  decomposed  by  waier^  forming  hydrochloric  acid  and  an  oxychloride, 
t,  g, :  BiCl,  -f  OH,  =  2HC1  -f  BiClO.      The  chlorides  of  anUmony  and 
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Btsnnous  chloride  are  decomposed  in  a  similar  manner.  All  soluble  chlo- 
rides give  with  solution  of  tilver  nitrate,  a  white  precipitate  of  silver  chlo- 
ride, easily  soluble  in  ammonia,  insoluble  in  nitric  ucid.  With  mereuroun 
niiraU,  they  yield  a  white  curdy  precipitate  of  mercurous  chloride,  black- 
ened by  ammonia;  and  with  lead-salts,  not  too  dilute,  a  white  crystalline 
precipitate  of  lead  chloride,  soluble  in  excess  of  water. 

Metallic  chlorides  unite  with  each  other  and  with  the  chlorides  of  the 
non-metallic  elements,  forming  such  compounds  as  potassium  chlorumcrcu- 
rate,  2KCl.HgClp  sodium  chloroplatinate,  2NaCl.PtCl4.  potassium  chlorio- 
dftte,  KCUIClj,  &c  Metallic  chlorides  combine  in  definite  proportions  with 
ammonia  and  organic  bases;  the  chlorides  of  platinum  form  with  ammonia 
the  compounds  2NH,  PlCl^  4NH,.PtCly  2NH,.PtCl^,  and  4NII,  PtCl^;  mer- 
curic chloride  forms  with  aniline  the  compound  2CfHfN.HgCl,,  &c. 

Chlorides  also  unite  with  oxides  and  sulphides,  torming  ozychloridta  and 
ozjfttUpkides,  whieh  may  be  regarded  as  chlorides  haying  part  of  their  chlo- 
rine replaced  by  an  equivalent  quantity  of  oxygen  or  sulphur  (CI,  by  O  or  S). 
Bismuth,  for  example,  forms  an  oxychloride  having  the  composition  Bi^^^ClO 
or  BiCI^Bi,0^ 

Broaides.  —  Bromine  unites  directly  with  most  metals,  forming  com- 
poands  analogous  in  composition  to  the  chlorides,  and  resembling  them  in 
most  of  their  properties.     The  bromides  of  the  alkali-metals  occur  in  sea- 
water  and  in  many  saline  springs;    silver  bromide  occurs  as  a  natural 
mineraL     Nearly  all  bromides  are  soluble  in  water,  and  may  be  formed  by 
ireating  an  oxide,  hydrate,  or  carbonate,  with  hydrobromic  acid,  the  solu- 
tions when  eyaporated  giying  off  water  for  the  most  part,  and  leaving  a 
lolid  metallic  bromide ;  some  of  them,  however,  namely,  the  bromides  of 
m&gnesium,   aluminium,    and   the   other   earth-metals,   are   more  or  less 
decomposed  by  evaporation,  giving  off  hydrobromic  acid,  and  leaving  a 
mixture  of  metallic  bromide  and  oxide.      Silver  bromide  and  mercurous 
bromide  are  insoluble  in  water,  and  lead  bromide  is  very  sparingly  soluble ; 
these  are  obtained  by  precipitation. 

Metallic  bromides  are  solid  at  ordinary  temperatures ;  most  of  them  fuse 
at,  a  moderate  heat,  and  volatilize  at  higher  temperatures.  The  bromides 
of  gold  and  platinum  are  decomposed  by  mere  exposure  to  heat;  many 
others  give  up  their  bromine  when  heated  in  contact  with  the  air.  Chlo- 
^t  with  the  aid  of  heat,  drives  out  the  bromine  and  converts  them  into 
chlorides.  Hydroehlorie  acid  also  decomposes  them  at  a  red  heat,  giving  off 
hydrobromic  acid.  Strong  tvlphurie  or  niirie  acid  decomposes  them,  with 
evolution  of  hydk'obromio  acid,  which,  if  the  sulphuric  or  nitric  acid  is  con- 
centrated and  in  excess,  is  partly  decomposed,  with  separation  of  bromino 
and  formation  of  sulphurous  oxide  or  nitrogen  dioxide.  Bromides  heated 
vith  vdphuric  acid  and  manganese  dioxide  or  potassium  ekromate,  give  off  free 
bromine. 

Bromides  in  solution  are  easily  decomposed  by  chlorine,  either  in  the 
torm  of  gas  or  dissolved  in  water,  the  liquid  acquiring  a  red  or  reddish- 
yellow  color,  according  to  the  quantity  of  bromine  present ;  and  on  agitat- 
ing the  Uquid  with  ether,  that  liquid  dissolves  the  bromine,  formiug  a  red 
solution,  which  rises  to  the  surface. 

Soluble  bromides  give  with  silver  nitrate  a  white  precipitate  of  silver 
bromide,  greatly  resembling  the  chloride,  but  much  less  soluble  in  am- 
^^i^ia,  insoluble  in  hot  nitric  acid.  Mercurous  nitrate  produces  a  yellowish- 
vhite  precipitate ;  and  lead  acetate,  tk  white  precipitate  much  less  soluble 
|n  water  than  the  chloride.  Palladium  nitrate  produces  in  solutions  of 
utomides  not  containing  chlorine,  a  black  precipitate  of  bromide.  Pal- 
ladium chloride  produces  no  precipitate;  neither  does  the  nitrate,  if 
■oluble  chlorides  are  present. 
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Bromides  unite  with  each  other  in  the  same  manner  as  chlorides;  also 
with  oxides,  sulphides,  and  ammonia. 

Iodides  — These  compounds  are  obtained  by  processes  similar  to  thos^e 
which  yield  the  chloride  and  bromides.  Muny  metals  unite  directly  with 
iodine.  Potassium  and  sodium  iodides  exist  in  sea-water  and  in  many  salt 
springs;  silver  iodide  occurs  as  a  natural  mineral. 

Metallic  iodides  are  analogous  to  the  bromides  and  chlorides  in  compo- 
sition and  properties.  But  few  of  them  are  decomposed  by  heat  alone  ; 
the  iodides  of  gold,  silver,  platinum,  and  palladium,  however,  give  up  their 
iodine  when  heated. 

Most  metallic  iodides  are  perfectly  soluble  in  water;  but  lead  iodide  is 
very  slightly  soluble,  and  the  iodides  of  mercury  and  silver  are  quite  in- 
soluble. 

Solutions  of  iodides  evaporated  out  of  contact  of  air,  generally  leave 
anhydrous  metallic  iodides,  which  partly  separate  in  the  crystalline  form 
before  the  water  is  wholly  driven  off.  The  iodides  of  the  earth-metals, 
however,  are  resolved,  on  evaporation,  into  the  earthy  oxides  and  hydri- 
odic  acid,  which  escapes.  A  very  small  quantity  of  chlorine  colors  the 
solution  yellow  or  brown,  by  partial  decomporition ;  and  a  somewhat 
larger  quantity  takes  up  the  whole  of  the  metal,  forming  a  chloride,  and 
separates  the  iodine,  which  then  gives  a  blue  color  with  starch;  a  still 
larger  quantity  of  chlorine  gives  the  liquid  a  paler  color,  and  converts  the 
separated  iodine  into  trichloride  of  iodine,  which  does  not  give  a  blue 
color  with  starch,  and  frequently  enters  into  combination  with  the  metallic 
chloride  produced.  Strong  sulphuric  acid  and  somewhat  concentrated  nitric 
acid  color  the  solution  yellow  or  brown ;  and  if  the  quantity  of  the  iodide 
is  large,  and  the  solution  much  concentrated  or  heated,  they  liberate  iodine, 
which  partly  escapes  in  violet  vapors.  Starch  mixed  with  the  solution, 
even  if  it  be  very  dilute,  is  turned  blue  —  permauently,  when  the  decom- 
position is  effected  by  sulphuric  acid;  for  a  time  only  when  it  is  effected 
by  nitric  acid,  especially  if  that  acid  be  added  in  large  quantity. 

The  aqueous  solution  of  an  iodide  gives  a  brown  precipitate  with  salts 
of  bismuth;  orange-yellow  with  lead-salts;  dirty-white  with  cuprous  8alt:<, 
and  also  wirh  cupric  salts,  especially  on  the  addition  of  sulphurous  acid: 
greenish -yellow  with  mercurous  salts;  scarlet  with  mercuric  bs^Ib  ;  yellowish- 
whiie  with  silver  salts;  lemon-yellow  with  gold  BsXts;  brown  with  platinic 
salts  —  first,  however,  turning  the  liquid  dark  brown-red;  and  black  with 
salts  of  palladium^  even  when  extremely  dilute.  AH  these  precipitates 
consist  of  metallic  iodides,  many  of  them  soluble  in  excess  of  the  soluble 
iodide :  the  silver  precipitate  is  insoluble  in  nitric  acid  and  very  little  sol- 
uble in  ammonia. 

Metallic  iodides  unite  with  one  another,  formine  double  iodides,  analogous 
to  the  double  chlorides;  they  also  absorb  ammonia  gas  in  definite  propor- 
tions. Some  of  them,  as  those  of  antimony  and  tellurium,  unite  with  the 
oxides  of  the  corresponding  metals,  forming  oxyiodides. 

Tlnoridet. — These  compounds  are  formed;  1.  By  heating  hydrofluoric 
acid  with  certain  metals.  —  2.  By  the  action  of  that  acid  on  metallic  ox- 
ides.—  8.  By  heating  electro-negative  metals — antimony,  for  example  — 
with  fluoride  of  lead  or  fluoride  of  mercury.  —  4.  Volatile  metaUio  fluorides 
may  be  prepared  by  heating  fluor-spar  with  sulphuric  acid  and  the  oxide 
of  the  metal. 

Fluorides  have  no  metAllio  lustre ;  most  of  them  are  easily  fusible,  and 
for  the  most  part  resemble  the  chlorides.  They  are  not  decomposed  by 
ignition,  either  alone  or  when  mixed  with  charcoal.  When  ignited  m  contact 
with  the  air,  in  a  flame  which  contains  aqueous  vapor,  many  of  them  are 
converted  into  oxides,  while  the  fluorine  is  «nven  off  as  hydrofluorio  acid. 
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AH  flnorides  are  decomposed  by  ehlarme  and  converted  into  chlorides. 
Thej  are  not  decomposed  by  phoipkorie  oxide,  unless  silica  is  present.  They 
are  decomposed  at  a  gentle  heat  by  strong  tulphuHc  acid,  with  formation  of 
8  metallic  sulphate  and  evolution  of  hydrofluoric  acid. 

The  flnorides  of  tin  and  silver  are  easily  soluble  in  water ;  those  of  po- 
tassium, sodium,  and  iron  are  sparingly  soluble;  those  of  strCntium  and 
cadmium  very  slightly  soluble,  and  the  rest  insoluble.  The  solutions  of 
ammoninm,  potassium,  and  sodium  fluoride  have  an  alkaline  reaction.  The 
aqaeoos  solutions  of  fluorides  corrode  glass  vessels  in  which  they  are  kept 
or  evaporated.  They  form  with  soluble  ealeium'talu  a  precipitate  of  cal- 
eiam  fluoride,  in  the  form  of  a  transparent  jelly,  which  is  scarcely  visible, 
because  its  refractive  power  is  nearly  the  same  as  that  of  the  liquid ;  the 
addition  of  ammonia  makes  it  plainer.  This  precipitate,  if  it  does  not 
contain  silica,  dissolves  with  difficulty  in  hydrochloric  or  nitric  acid,  and 
is  re-precipitated  by  ammonia.  The  aqueous  fluorides  give  a  pulverulent 
precipitate  with  lead  acetate. 

The  fluorides  of  antimony,  arsenic,  chromium,  mercury,  niobium,  os- 
mium, tantalum,  tin,  titanium,  tungsten,  and  tine,  are  volatile  without 
decomposition. 

Fluorine  has  a  great  tendency  to  form  double  salts,  consisting  of  a  fluo- 
ride of  a  basic  or  positive  metal  united  with  the  fluoride  of  hydrogen, 
boron,  silicon,  tin,  titanium,  zirconium,  &c.,  t.  g, : 

Potassium  hydrofluoride  .        .        .    KHF,    =  KF.HF. 
Potassium  borofluoride    .        .         .        KBF^     =  KF.BF.. 

Potassium  silicoflnoride  .         .        .    K^SiFf  =  2KF.SiF4. 
Potassium  titanofluoride  .         .         .         K,TiF«  =  2KF.TiF4. 

Potassium  stannofluoride  .        .        .    K^SnF,  =  2KF.8nF4. 
Potassium  zircofluoride    .        .        .         K^rF,  =  2KF.ZrF4. 

The  four  classes  of  compounds  just  described,  the  chlorides,  bromides, 
iodides,  and  fluorides,  form  a  group  often  designated  as  halotd  eompcunda  or 
kakid*  aalu,  from  their  analogy  to  sodium  chloride  or  sea-salt,  which  may 
ho  regarded  as  a  type  of  them  all.  The  elements,  chlorine,  bromine,  iodine, 
aod  flaorine,  are  called  halogem. 

Cyanides. — Closely  related  to  these  haloid  compounds  are  the  cyanides, 
formed  by  the  union  of  metals  with  the  gproup  CN,  cyanogen,  which  is  a 
monatomic  radical  derived  from  the  saturated  molecule,  C^^N^^^H  (hydrocy- 
aoie  acid),  by  abstraction  of  H. ;  in  short,  the  cyanides  may  be  regarded  as 
chlorides  having  the  element  CI  replaced  by  the  compound  radical  CN. 

Some  metals — potassium  among  the  number — are  converted  into  cyanides 
by  heating  them  in  cyanogen  gas  or  vapor  of  hydrocyanic  acid.  The  cya- 
nides of  the  alkali-metals  are  also  formed  (together  with  cyanates)  by  pass- 
ing cyanogen  gas  over  the  heated  hydrates  or  carbonates  of  the  same  metals ; 
potassium  cyanide  also,  by  passing  nitrogen  gas  over  a  mixture  of  charcoal 
and  hydrate  or  carbonate  of  potassium  at  a  bright-red  heat.  Cyanides  are 
formed  abundantly  when  nitrogenous  organic  compounds  are  heated  with 
fixed  alkali.     Other  modes  of  formation  will  be  mentioned  hereafter. 

The  cyanides  of  the  alkali-metals  and  of  barium,  strontium,  calcium,  mag- 
Qeeiam,  and  mercury,  are  soluble  in  water,  and  may  be  produced  by  treat- 
ing the  corresponding  oxides  or  hydrates  with  hydrocyanic  acid.  Nearly 
aU  other  metallic  cyanides  are  insoluble,  and  arc  obtained  by  precipitation 
from  the  soluble  cyanides. 
The  cyanides  of  the  alkali-metals  sustain  a  red  heat  without  decomposi* 

Uon,  provided  air  and  moisture  be  excluded.     The  cyanides  of  many  of  the 

*  From  2A(,  the  m*. 
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heayj  metalB,  as  lead,  iron,  cobalt,  nickel,  an<i copper,  under  these  eircDin- 
Btances,  give  off  all  their  nitrogen  as  gas,  and  leave  a  metallic  carbonate ; 
mercuric  cyanide  is  resolved  into  mercurj  and  cyanogen  gas;  silver  cyanide 
gives  off  half  its  cyanogen  as  gas.  Most  cyanides,  when  heated  with  dilute 
acids,  give  off  their  cyanogen  as  hydrocyanic  acid. 

Cyanides  have  a  strong  tendency  to  unite  with  one  another,  forming 
double  cyanidea.  The  most  important  of  these  are  the  double  cyanides  of 
iron  and  potassium,  namely, /N)<a«ib-/«fToti«  cyanide  Fe^^K^lCN)^  commonly 
called  yellow  prussiate  of  potash ;  and  pottutio-fertie  cyantde,  Fr'^^Kg(CN  i- 
commonly  called  red  prussiate  of  potash.  Both  these  are  splendidly  ery:*- 
tnlline  salts,  which  dissolve  easily  in  water,  and  form  highly  characteristic 
precipitates  with  many  metallic  salts.  These  salts,  with  the  other  cyanides, 
will  be  more  fully  described  under  "Organic  Chemistry;"  but  tbey  ar« 
mentioned  here,  on  account  of  their  frequent  use  in  the  qualitatiTe  analysis 
of  metallic  solutions. 

Oxides. — All  metals  combine  with  oxygen,  and  most  of  tbem  in  several 
proportions.  In  almost  all  cases  oxides  are  formed  corresponding  in  com- 
position  to  the  chlorides,  one  atom  of  oxygen  taking  the  place  of  two  atoms 
of  chlorine.  Many  metals  also  form  oxides  to  which  no  chlorine  analogues 
are  known;  thus,  lead,  which  forms  only  one  chloride,  PbCl^  forms,  id 
addition  to  the  monoxide,  PbO,  a  dioxide,  PbO^  besides  oxides  of  interme* 
diate  composition;  osmium  also,  the  highest  chloride  of  which  is  OsCli. 
forms,  in  addition  to  the  dioxide,  a  trioxide  and  a  tetroxide.  This  arises 
from  the  fact  that  any  number  of  atoms  of  oxygen  or  other  dyad  element 
may  enter  into  a  compound  without  disturbing  the  balance  of  equivalency 
(p.  286). 

Just  as  chlorides  are  derived  by  substitution  f^om  hydrochloric  acid,  HCl 
(p.  804),  so  likewise  may  oxides  be  derived  from  one  or  more  molecules  of 
water,  H,0 ;  but  as  the  molecule  of  water  contains  two  hydrogen-atoms,  the 
replacement  of  the  hydrogen  may,  as  already  explained  (p.  22^),  be  either 
total  or  partial,  the  product  in  the  first  case  being  an  anhydrous  metalUe 
oxide,  and  in  the  second  a  hydrated  oxide  or  hydrate,  in  which  the  oxygen 
is  associated  both  with  hydrogen  and  with  metal ;  in  this  manner  the  fol- 
lowing hydrates  and  anhydrous  oxides  may  be  constituted : 

HydntM.  Oxides. 

.     KHO     ....     K,0 

Ba^'O 
H4O,       .  Ba^'H.O, .        .        .        8n*'0, 

Bi'^'HO, 
HjOj  .        .        .     As'HO,         .        .        .     Sb'^'jOj 

8n»'H,0g  .        .  W'K), 

H,04  .        Zr^^H^O^       .  .     Os'««04 

H„Ob Sb',0». 

It  may  be  observed  that  the  hydrates  of  artiad  metals  contain  the  ele- 
ments of  a  molecule  of  the  corresponding  anhydrous  oxide,  and  of  one  or 
more  molecules  of  water;  thus: 

Barium  hydrate       ....        Ba''H,0,  =  Ba''0.H,0 

Stannic  hydrate Sn''H,0,  =  Sn»'0,.H-0 

Zirconium  hydrate  ....         Zr^'H^O^  =  Zr»'0^2HgO. 

But  the  hydrate  of  a  perissad  metal  contains  in  its  molecule  only  half  the 
number  of  atoms  required  to  make  up  a  molecule  of  oxide  together  with  a 
molecule  of  water;  thus: 

Potassium  hydrate         .        .        .     KHO         =  }  (K,O.H,Oi 
Bismuth  hydrate        .         ,         .         Bi'^^HO,  =  I  {m^^^O^US)) 
Arsenic  hydrate    .        ,        ,        .     As'HO,     =  |  (As',O^.H^). 


^. 
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T1iea«  periasad  hydrates  cannot,  therefore,  be  correctly  regarded  as  com- 
pouads  of  anhydrous  oxide  and  water. 

Many  metallic  oxides  occur  as  natural  minerals,  and  some,  especially 
those  of  iron,  tin,  and  copper,  in  large  quantities,  forming  ores  from  which 
the  metals  are  extracted.     - 

All  metala,  except  gold,  platinum,  iridium,  rhodium,  and  ruthenium,  are 
capable  of  uniting  directly  with  oxygen.  Some,  as  potassium,  sodium,  and 
barium,  oxidise  rapidly  on  exposure  to  the  air  at  ordinary  temperatures, 
and  decompose  water  with  energy.  Most  metals,  however,  when  in  the 
maasiTe  state,  remain  perfectly  bright  and  unacted  on  in  dry  air  or  oxygen 
gas,  but  oxidiie  slowly  when  moisture  is  present;  such  is  the  case  with 
iron,  zinc,  and  lead.  Some  of  the  ordinarily  permanent  metals,  when  in  a 
Tery  finely  diyided  state,  as  lead  when  obtained  bv  ignition  of  its  tartrate, 
and  iron  reduced  from  its  oxide  by  ignition  in  hydrogen  gas,  take  fire  and 
oxidize  spontaneously  as  soon  as  they  come  in  contact  with  the  air.  Lead, 
iron,  copper,  and  the  volatile  metals,  arsenic,  antimony,  zinc,  cadmium, 
and  mercury,  are  converted  into  oxides  when  heated  in  air  or  oxygen. 
Many  metals,  especially  at  a  red  heat,  are  readily  oxidized  by  water  or 
steam.  A  rery  general  method  of  preparing  metallic  oxides  is  to  subject 
the  corresponding  hydrates,  carbonates,  nitrates,  sulphates,  or  any  oxygen- 
salts  containing  Tolatile  acids,  to  the  action  of  heut. 

Oxides  are  for  the  most  part  opaque  earthy  bodies,  destitute  of  metallic 
lustre.  The  majority  of  them  are  fusible ;  those  of  lead  and  bismuth  at  a 
low  red  heat;  those  of  copper  and  iron  at  a  white  heat;  those  of  barium 
and  aluminium  before  the  oxy-hydrogen  blowpipe;  while  calcium  oxide 
(lime)  does  not  fuse  at  any  temperature  to  which  it  has  yet  been  subjected. 
Oxides  are,  for  the  most  part,  much  less  fusible  than  the  uncombincd 
metals.  Osmium  tetr oxide,  and  the  trioxides  of  arsenic  and  antimony, 
are  readily  yolatile. 

A  greater  or  less  degree  of  heat  effects  the  decomposition  of  many  me- 
tallic oxides.  Those  of  gold,  platinum,  silver,  and  mercury  are  reduced 
to  the  metallic  or  reguline  state  by  an  incipient  red  beat.  At  a  somewhat 
higher  temperature,  the  higher  oxides  of  barium,  cobalt,  nickel,  and  lead 
are  reduced  to  the  state  of  monoxides ;  while  the  tri-metallic  tetroxides  of 
manganese  and  iron,  Mn.O^  and  Fe^O^,  are  produced  by  exposing  manga- 
nese dioxide,  MnO,,  and  iron  sesquioxide,  Fe,Og,  respectively  to  a  still 
stronger  heat.  By  gentle  ignition,  arsenic  pentoxide  is  reduced  to  the 
state  of  irioxide,  and  chromium  trioxide  to  sesquioxide. 

The  superior  oxides  of  the  metals  are  easily  reduced  to  a  lower  state  of 
oxidation  by  treatment  with  a  current  of  hydrogen  gas  at  a  more  or  less 
elevated  temperature.  At  a  higher  degree  of  heat,  hydrogen  gas  will  trans- 
form to  the  reguline  state  all  metallic  oxides  except  the  sesquioxides  of 
aluminium  and  chromium,  and  the  monoxides  of  manganese,  magnesium, 
barinm,  strontium,  calcium,  lithium,  sodium,  and  potassium.  The  temper- 
ature necessary  to  enable  hydrogen  to  effect  the  decomposition  of  some 
oxides  is  comparatiyely  low.  Thus  even  metallic  iron  may  be  reduced 
from  its  oxides  by  hydrogen  gas  at  a  heat  considerably  below  redness,  so 
as  to  form  an  iron  pyrophorus.  Carbon,  at  a  red  or  white  heat,  is  a  still 
more  powerful  deoxidating  agent  than  hydrogen,  and  seems  to  be  capable 
of  completely  reducing  all  metallic  oxides  whatsoever.  The  oxidizable 
metals  in  general  act  as  reducing  agents. 

Ckkrvte  decomposes  all  metallic  oxides,  except  those  of  the  earth-metals, 
converting  them  into  chlorides,  and  expelling  the  oxygen.  With  silver 
oxide  this  reaction  takes  place  at  ordinary  temperatures ;  with  the  alkalies 
and  alkaline  earths,  at  a  full  red  heat.  Sulphur,  at  high  temperatures,  can 
decompose  most  metallic  oxides.  With  many  oxides,  those  of  silver,  mer- 
cury, lead,  and  copper,  for  instance,  metallic  sulphides  and  sulphur  diox- 
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ide  are  produeed.  With  the  highly  basyloiis  ozidos,  the  prodaeta 
tallic  sulphate  and  sulphide.  There  are  some  oxides  upon  which  sulphur 
exerts  no  action.  Of  these  the  principal  are  magnesia,  alumina,  ehromic. 
stannic,  and  titanic  oxides.  By  boiling  sulphur  with  soluble  hydrate^ 
mixtures  of  polysulphide  and  hyposulphite  are  produced.  With  the  ex- 
ception of  magnesia,  alumina,  and  chromic  oxide,  most  metallic  oxides  can 
absorb  sulphuretted  hydrogen,  to  form  metallic  sulphide  or  sulph-hy^drate, 
and  water. 

Ozjgen-salts,  or  Qzysalti.  —  It  has  been  already  explained  in  the  chapter 
on  Oxygen  (p.  183),  that  oxides  may  be  divided  into  three  classes,  addy  neu- 
tral, and  basic ;  the  first  and  third  being  capable  of  uniting  with  one  another 
in  definite  proportions,  and  forming  compounds  called  saUi.     The   in<»et 
characteristic  of  the  acid  oxides  are  those  of  certain  metalloids,  as  nitrogen, 
sulphur,  and  phosphorus,  which  unite  readily  with  water  or  the  elements 
of  water,  forming  compounds  called   oxygtn-acida^  distinguished  by  eour 
taste,  solubility  in  water,  and  the  power  of  reddening  certain  Tegetable 
blue  colors.     The  most  characteristic  of  the  basic  oxides,  on  the  other 
hand,  are  those  of  the   alkali-metals  and  alkaline  earth-metals   (p.  271), 
which  likewise  dissoWe  in  water,  but  form  alkaline  solutions,  possessing  in 
an  eminent  degree  the  power  of  neutralizing  acids  and  forming  salts  with 
them.     The  same  power  is  exhibited  more  or  less  by  the  monoxides  of  most 
other  metals,  as  linc,  iron,  copper,  manganese,  &c.,  and  by  the  sesquioxides 
of  aluminium,  iron,  chromium,  and  others.     The  higher  oxides  of  scxeral 
of  these  metals  —  the  trioxide  of  chromium,  for  example  —  exhibit  acid 
characters,  being  capable  of  forming  salts  with  the  more  basic  oxides ;  and 
some  metals,  as  arsenic,  antimony,  niobium,  and  tantalum,  form  only  acid 
oxides. 

In  some  cases  salts  are  formed  by  the  direct  combination  of  an  acid  and 
a  basic  oxide.  Thus,  when  yapor  of  sulphuric  oxide,  SO9,  is  passed  over 
red-hot  barium  oxide,  BaO,  the  two  combine  together  and  form  barium- 
sulphate,  SO,.BaO  or  S04Ba.  Silicic  oxide,  SiO^  phosphoric  oxide.  P/V 
arsenic  oxide,  As^O^,  boric  oxide,  B,Oy  and  other  acid  oxides  capable  of 
withstanding  a  high  temperature  without  decomposing  or  volatilizing,  like- 
wise unite  with  basic  oxides  when  heated  with  them,  and  form  salts. 

But  in  the  majority  of  cases  metallic  salts  are  formed  by  substitution  or 
interchange  of  a  metal  for  hydrogen,  or  of  one  metal  for  another.  It  is 
clear,  indeed,  that  any  metallic  salt  (zinc-sulphate,  SO,.ZnO,  for  example) 
may  be  derived  from  the  corresponding  acid  or  hydrogen-salt  (SO^H^O) 
by  substitution  of  a  metal  for  an  equivalent  quantity  of  hydrogen.  Ac- 
cordingly, metallic  salts  are  frequently  produced  by  the  action  of  an  acid 
on  a  metal,  or  a  metallic  oxide  or  hydrate,  thus: 

(1)  SO4H,        +        Zn'/        =        SO^Zn''        +        H^ 
Hydrogen  sulphate.  Zinc  ralphate. 

(2)  2N0,H        +        OAg.       =        2N0,Ag         -f-        OH, 
Hydrogen  nitrate.  Bllrer  oxide,  Sllrer  nitrate.  Water. 

(8)  NO,H        4-        OKH       =  NO,K  +        OH, 

Hydrogen  nitrate.     PotasBium  hydrate.     Potaadom  nitrate.  Water. 

In  the  instances  represented  by  these  equations,  the  metallic  salts  formed 
are  soluble  in  water.  Insoluble  salts  are  frequently  prepared  by  inter- 
change of  the  metals  between  two  soluble  salts ;  thus: 

(4)      (NO,),Ba''      +      SO^Na,     =      SO^Ba''      +      2N0,Na 
Barium  nitrate.  Sodium  ralphate.    Barium  ralphate.        Sodium  nitrate. 

In  this  case  the  barium  sulphate,  being  insoluble,  is  precipiated,  while  th« 
sodium  nitrate  remains  in  solution. 
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In  all  these  reactions,  hydrochloric  acid,  or  a  metallic  chloride,  might  be 
substituted  for  the  osygea-aoid  or  oxygen-salt  without  the  slightest  altera- 
tion in  the  mode  of  action,  the  product  formed  in  each  case  being  a  chloride 
instead  of  a  nitrate  or  sulpate ;  thus : 

Zn^'  = 

OAg,  = 

OKU  = 

NaCl  = 

From  all  these  considerations  it  appears  that  oxygen-salts  may  be  re- 
garded, either  as  compounds  of  acid  oxides  with  basic  oxides,  or  as  ana- 
logous in  composition  to  chlorides,  —  that  is  to  say,  as  compounds  of  a 
metal  with  a  radical  or  group  of  elements,  such  as  NO,  (nitrione)  in  the  ni- 
trates, SO4  (aulphione)  in  the  sulphates,  discharging  functions  similar  to 
those  of  chlorine,  and  capable,  like  that  element,  of  passing  unchanged 
from  one  compound  to  another. 

For  many  years,  Indeed,  it  was  a  subject  of  discussion  among  chemists 
whether  the  former  or  the  latter  of  these  views  should  be  regarded  as  re- 
presenting tha  actual  constitution  of  oxygen-salts.  Berzelius  divided  salts 
into  two  classes:  (1).  Haloid  «a/^«,  comprising,  as  already  mentioned,  the 
chlorides,  bromides,  iodides,  and  fluorides,  which  are  compounds  of  a  metal 
with  a  monad  metallic  element.  (2).  Amphid  talU^  consisting  of  an  acid  or 
electro-negative  oxide,  sulphide,  selenide,  or  telluride,  with  a  basic  or 
electro-positive  compound  of  the  same  kind ;  such  as  potassium  arsenate, 
P2O5.SOK,;  potassium  sulpharsenate,  P^S^.SSK^;  potassium seleniophosphate, 
V^e^.'2SeK^  &c. 

Davy,  on  the  other  hand,  observing  the  close  analogy  between  the  reac- 
tions of  chlorides,  on  the  one  hand,  and  of  oxygen-salts,  such  as  sulphates, 
nitrates,  &c.,  on  the  other,  suggested  that  the  latter  might  be  regarded, 
like  the  former,  as  compounds  of  metals  with  acid  or  electro-negative  radi- 
cals, the  only  difference  being,  that  in  the  former  the  acid-radical  is  an 
elementary  body,  Ci,  Br,  &c.,  whereas  in  the  former  it  is  a  compound,  as 
SO4,  NO3.  PO4,  &c.  This  was  called  the  binary  theory  of  tallt;  it  was  sup- 
ported by  many  ingenious  arguments  by  its  proposer  and  several  contem- 
porary chemists ;  in  later  years  also  by  Liebig,  and  by  Daniell  and  Miller, 
who  observed  that  the  mode  of  decomposition  of  salts  by  the  electric 
current  is  more  easily  represented  by  this  theory  than  by  the  older  one 
(p.  247). 

At  the  present  day,  the  relative  merits  of  these  two  theories  are  not  re- 
garded as  a  point  of  very  great  Importance.  Chemists,  in  fact,  no  longer 
attempt  to  construct  formulas  which  shall  represent  the  actual  arrangements 
of  atoms  in  a  compound,  the  formulas  now  in  use  being  rather  intended  to 
exhibit,  first,  the  balance  or  neutralization  of  the  units  of  equivalency  or 
atomicity  of  the  several  elements  contained  in  a  compound  (p.  231);  and, 
secondly,  the  manner  in  which  any  compound  or  group  of  atoms  splits  up 
into  subordinate  groups  under  the  influence  of  different  reagents.  Accord- 
ing to  the  latter  view,  a  compound  containing  three  or  more  elementary 
atoms  may  be  represented  by  different  formulie  corresponding  to  the 
several  ways  in  which  it  decomposes.  Thus  hydrogen  sulphate  or  sul- 
phuric acid,  SO4H,,  may  be  represented  by  either  of  the  following  formu- 
la:— 

(I.)  SO^.Hg,  which  represents  the  separation  of  hydrogen  and  formation 
of  a  metallic  sulphate  by  the  action  of  zinc,  &o. :  this  is  the  formula  cor- 
responding to  the  binary  theory  of  salts. 

(2.)  SOj.OHj.  This  formula  represents  the  formation  of  the  acid  by 
direct  hydration  of  sulphuric  oxide ;  the  separation  of  water  and  formation 
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of  a  metallio  sulphate  by  the  action  of  magnesia  and  other  anhydroas 
oxides ;  and  the  separation  of  sulphuric  oxide  and  formation  of  phoepliorie 
acid  by  the  action  of  phosphoric  oxide : 

SOj.OHj   -f   MgO   =  SOj.MgO   -f-   OH, 

(8.)  SO,.0,H,,  or  S0,(0H)2.  This  formula  represents  such  reactions  as 
the  elimination  of  hydrogen  dtoxide  by  the  action  of  barium  dioxide,  BaO^ 

(4.)  SH,  0..  This  formula  represents  the  formation  of  sulphuric  acid  bj 
direct  oxidation  of  hydrogen  sulphide  SH,,  and  the  elimination  of  the  latter 
by  the  action  of  ferrous  sulphide : 

SHjO^   4-   FeS   =  S04Fe   -f   SH,. 

Formulffi  of  the  third  of  these  typc8»  like  SO-(OH)j.  which  represent 
oxygen-acids  as  compounds  of  hydroxyl  with  certain  acid  radicals,  asSO^^^ 
(sulphuryl),  W  (carbonyl),  PO'^'  (phosphoryl),  &c.,  correspond  to  a 
great  variety  of  reactions,  and  are  of  very  frequent  use.  They  exhibit  in 
particular  the  relation  of  the  oxygen-acids  ( hydroxy lates)  t.o  the  corres- 
ponding chlorides,  e,  g. : 

(SO,)'^  OH),  (S0,)''C1, 

Sulphuric  Mcid.  Sulphuric  chloride. 

(P0)'''(0H)5  (PO)'''n, 

Phosphoric  acid.  Phosphoric  rhiuridtt. 

Banciff/  of  Acids.  Kormal^  Add  and  Double  Salts,  —  Acids  are  monobasic, 
bibasic,  tribasic,  &c.,  according  as  they  contain  one  or  more  atoms  of  hydro- 
gen replaceable  by  metals;  thus  nitric  acid,  NO,H,  a>nd  hydrochloric  acid, 
CIH,  are  monobasic;  sulphuric  acid,  8O4H1,  is  bibasic;  phosphoric  acid, 
PO4H,,  is  tribasic. 

Monobasic  acids  form  but  one  class  of  salts  by  substitution,  the  metal 
taking  the  place  of  the  hydrogen  in  one,  two,  or  three  molecules  of  the 
acid,  according  to  its  equivalent  value  or  atomicity;  thus  the  action  of 
hydrochloric  acid  on  sodium,  zinc,  and  aluminum  is  represented  by  the  equa- 
tions : 

cm  +  Na  =  ClNa  +  H, 
2Cin  -f  Zn^^  =  Cl.,Zn''  -f  H, 
SCIH  -f  kV'^  =  Q\.W  -i-  H„ 

and  that  of  nitric  acid  on  the  hydrates  of  the  same  metals  by  the  equations: 

NO.H  -f  Na  (HO)      =  NOjNa  +    H(HO) 

2NO5H  +  Ba''(HO),  =  (N05),Ba''  4-  2H(H0) 
8N0,H  -f  A1'''(H0)3  =  (NOa),AK^'  -j-  3H(H0). 

Bibasic  acids,  on  the  other  band,  form  two  classes  of  salts,  viz.  numo- 
metallic  or  acid  salts,  in  which  half  the  hydrogen  is  replaced  by  a  metal; 
and  bimetallic  salts,  in  which  the  whole  of  the  hydrogen  is  thus  replaced, 
the  salt  being  called  normal  or  neutral  if  it  contains  one  metal,  and  double  if 
it  contains  two  metals ;  thus: 

From    80,H,  U  derWed  80,KH  { "I'lX*""  "'  ""'  ^"^"^ 

^^        Qf^jr  }  bipotassic  or  normal  potassium 

^"**^>  \     sulphate. 
«          **                 «        S04Ba^^  barium  sulphate. 

«*    2S5O4H,  «*      (SO^^jK.Na  sodio-tripotassic  sulphate. 

*•  «*  »*      (S04)jAk''K         potassio-aluminic  sulphate. 

**    dS04H,  **      (804)9 AK^^,  normal  aluminium  sulphate. 
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Tribasic  acids  in  like  manner  form  two  olaeaeB  of  aoid  salts,  mono-mefalUe 
or  bimtdUUc^  according  as  one  third  or  two  thirds  of  the  hydrogen  is  replaced 
bj  a  m€tal ;  also  normal  and  dcmbU  or  triple  saUa,  in  which  the  hydrogen  is 
whoUj  replaced  by  one  or  more  metals;  in  quadribasip  acids  the  yariety  is 
of  course  still  greater. 

The  use  of  the  terminations  out  and  ic,  as  applied  to  salta,  has  already 
been  explained.  We  have  only  further  to  observe  in  this  place  that  when 
a  metal  forms  but  one  class  of  salts,  it  is  for  the  most  part  better  (o  design 
Date  those  salts  by  the  name  of  the  metal  itself  than  by  an  acyective  ending 
in  k ;  thus  pottusium  nUratey  and  Uad  sulphate  are  mostly  to  be  preferred  to 
potaesk  nitrait  and  plumbic  eulphtiie  But  in  naming  double  salts,  and  in 
many  eases  where  a  numeral  pretix  is  required,  the  names  ending  in  ie  are 
more  eophonious;  thus  triplumbic  phosphate  sounds  better  than /ri/^oJ/^Aoa- 
phaU,  and  hydrodisodic  pKoqthaie  is  certainly  better  than  hydrogen  and  dieo' 
drum  phosphate;  but  there  is  no  occasion  for  a  rigid  adherence  to  either 
system. 

.411  oxygen-salts  may  also  be  represented  as  compounds  of  an  acid  oxide 
with  one  or  more  molecules  of  the  same  or  different  basic  oxides,  including 
water,  e.  g, : 

Hydro-potassic  sulphate  2SO4KH       a  2S0,  KjO.H.O 

Sodio-tripotassic  sulphate       2(S04),KH     b  4S0,  aK,O.Na,0 
Potassio-aluminic  sulphate  2(S04),AK^^K  =s  4S0,.AK^/,0,.K,0 
Hydrodisodic  phosphate  2P04Na,H     s  Vfi^  ,Na,O.U,0. 

When  a  normal  oxygen-salt  is  thus  formulated,  it  is  easy  to  see  that  the 
namber  of  molecules  of  acid  oxide  contained  in  its  molecule  is  equal  to  the 
number  of  oxygen-atoms  in  the  base ;  thus: 

Normal  potassium  sulphate    SO4K,  =    SO,  K,0 

barium  sulphate         S04Ba  -=    SOg.BaO 

stannic  sulphate       (S04)^n/^  =  2S0,  SnO, 

aluminium  sulphate  (S04l3Al^>'',  =  880,  Al^O,. 

When  the  proportion  of  acid  oxide  is  less  than  this,  the  salt  is  called 
iofie  ,*  such  salts  may  be  regarded  as  compounds  of  a  normal  salt  with  one 
or  more  molecules  of  basic  oxide,  or  as  derived  from  normal  salts  by  sub- 
Btitution  of  oxygen  for  an  equivalent  quantity  of  the  acid  radical;  thus: 

Tribasic  lead  nitrate    .     N-OeSPb^'O       =  (N0-),Pb^'  2Pb>'^0 

=  Pb'',(N0,),0'', 

^s'^StT  '"''^I^SOr^AK'^O,   =  (S04),AK'/,  3AK'^,0, 

=  AK'VS04)''50'V 

The  last  mode  of  formulation  exhibits  the  analogy  of  these  basic  oxypalts 
to  the  oxychlorides,  oxyodides,  &c. ;  thus  the  basic  lead  nitrate,  Pb,(N0,)20p 
just  mentioned,  is  analogous  to  the  oxyohloride  of  that  metal,  PbgCl^O^ 
which  occurs  native  as  mendipite. 

The  term  bnsic  and  acid  are  sometimes  applied  to  salts  with  reference  to 
their  action  on  vegetable  colors.  The  normal  salts  formed  by  the  union  of 
the  stronger  acids  with  the  alkalies  and  alkaline  earths,  such  as  potassium  sul- 
phate, SO4R,.  barium  nitrate,  (NOj)jBa^^,  &o.,  are  perfectly  neutral  to  vege- 
table colors,  but  most  other  normal  salts  exhibit  either  an  acid  or  an  alka- 
line reaction :  thus  ferrous  sulphate,  cupric  sulphate,  silver  nitrate,  and 
many  others  redden  litmus,  while  the  normal  carbonates  and  phosphates  of 
the  alkali-metals  exhibit  a  decided  alkaline  reaction.  It  is  clear  then  that 
the  action  of  a  salt  on  vegetable  colors  bears  no  definite  relation  to  its  composi- 
tion: hence  the  term  normal,  as  applied  to  salts  in  which  the  basic  hy dro- 
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gen  of  the  Mid  la  wholly  replkoed,  is  preferkble  to  attitral,  and  the  term) 
tone  and  acid,  is  mpplied  to  ults,  are  belt  used  Id  tba  manner  aboie  CK^aiiicd 
with  referenoe  to  their  eomposition. 

When  a  normal  iait  eontaining  •  monoxide  paaaee  by  oildalion  lo  *  eaJl 
eoniaiDing  a,  aesquioiide,  dioxide,  or  trioiide.  the  quantity  of  acid  preseat 
ia  no  lanfer  suSieiGat  to  saturate  tlie  base.  Tbua  when  a  aolation  of  fer- 
rous sulpbale,  60,Fe,  or  SO,  FeO  (oommon  green  Titriol),  ia  eipMcd  to 
the  air,  it  abaorba  oxygen,  auil  an  insoluble  farric  aalt  ia  prodnoed  conlkin- 
ing  an  exceaa  of  base,  while  normal  farrio  aulphate  remaina  in  aalntion: 


4(30,.  FeO)   ■ 


O. 


l,.Fe,0,    +     80,.Fe,0, 


These  baaio  sails  are  rery  often  ineolublc  in  water. 

Salts  oontainiog  a  proportion  of  aoid  oxide  larger  than  ia  sufficient  to 
form  a  neulral  compound,  are  called  anhgdro-iatu  (eametimei,  Ibougb  im- 
properly, aoid  aalts):  they  may  eridently  be  regarded  as  compound*  of  a 
normal  salt  with  exoew  of  acid  oxide;  a.g.i 


if  potash  J 

The  following  is  a  list  of  the  most   important  ioorganlo  ftcids  arranged 
aocording  to  their  basioiiy: 
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The  general  characters  of  most  of  the  non-metallic  acids  and  their  salts 
hare  been  already  considered ;  but  the  phosphates  require  further  notice. 

Phosphates.  —  There  are  three  modifications  of  phosphoric  acid :  one 
being  monobasic,  the  second  tribasio,  and  the  third  tetrabasic,  as  indicated 
in  the  preceding  table. 

Hydrogen  phosphide,  PH,,  burnt  in  air  or  oxygen  gas,  takes  up  four 
atoms  of  oxygen,  and  forms  trihydric  photphate  or  tribtuic  phogphorie  acid' 
P04H^  The  same  acid  is  produced  by  the  oxidation  of  hypophosphorous 
or  phosphorous  acid;  by  oxidising  phosphorus  with  nitric  acid  (p.  214); 
by  the  decomposition  of  natiTe  calcium  phosphate  (apatite)  and  other  na- 
tire  phosphates;  and  by  the  action  of  boiling  water  on  phosphorus  pent- 
oxide,  P3O5.  This  acid  forms  three  distinct  classes  of  metallic  salts.  With 
Bodinm,  for  example,  it  forms  the  three  salts,  P04NaH^  P04Na,H,  and 
PO.Na^  the  first  two  of  which,  still  containing  replaceable  hydrogen,  are 
acid  salts,  while  the  third  is  the  normal  or  neutral  salt. 

If  now  the  monosodic  phosphate,  P04NaH2,  be  heated  to  redness,  it  gives 
•ff  one  molecule  of  water,  and  leaves  an  anhydrous  monosodic  phosphate, 
PO^a,  the  aqueous  solution  of  which,  when  treated  with  lead  nitrate, 
yields  a  lead-salt  of  corresponding  composition;  thus: 

2P0,Na  +  (NO,)^b^'  s  (POg),Pb''  -f  2N0,Na; 

and  this  lead-salt  decomposed  by  sulph-hydric  acid,  yields  a  monohydric 
acid  having  the  composition  PO,II,  possessing  properties  quite  distinct 
from  those  of  the  trihydric  acid  above  mentioned : 

(PO,)JPV^  +  SH,  =  2P0gH  +  Pb'^'S. 

The  trihydric  acid  which  is  produced  by  the  oxidation  of  phosphorus, 
and  by  the  decomposition  of  the  ordinary  native  phosphates,  is  called 
orthophotphorie  add  or  ordinary  phosphoric  acid;  the  monohydric  acid  is 
called  metaphosphoric  acid.  The  former  may  be  regarded  as  a  trihydrate,  the 
latter  as  a  monohydrate  of  phosphoric  oxide : 

2PO4H3  =  PjOj-SOHy  orthophosphoric  acid, 
2PO3H  =  P,05.0H,,  metaphosphorio  acid. 

Both  are  soluble  in  water,  and  the  former  may  be  produced  by  the  action 
of  boiling  water,  the  latter  by  that  of  cold  water  on  phosphoric  oxide. 
They  are  easily  distinguished  from  one  another  by  their  reactions  with  al- 
bumin and  with  silver  nitrate.  Metaphosphorio  acid  coagulates  albumin, 
and  gives  a  white  precipitate  with  silver  nitrate ;  whereas  orthophosphoric 
acid  does  not  coagulate  albumin,  and  gives  no  precipitate,  or  a  very  slight 
one,  with  silver  nitrate,  till  it  is  neutralized  with  an  alkali,  in  which  case 
a  jellow  precipitate  is  formed. 

Metaphosphorio  acid  and  its  salts  differ  from  orthophosphoric  acid  and 
the  orthophosphates  by  the  want  of  one  or  two  atoms  of  water  or  base ; 
thus: 


Metaphoepbates.  Orthophosphates. 

POgH  =    PO4HJ  —      OH, 

POjNa  =    P04NftH,         —      OH, 

(PO,),Ba^/     =   (P04),Ba^^H4    —  20H, 

VOjAg  ==    P04Ag,  -       OAg, 

(PO,),Pb^>'     =   (P04),Pb'^,       —  20Pb^^ 


Accordingly,  we  find  that  metaphosphates  and  orthophosphates  are  con- 
vertible one  into  the  other  by  the  loss  or  gain  of  one  or  two  atoms  of  water 
ormetallio  base;  thus: 
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a.  A  solution  of  metaphosphoric  acid  iB  conyerted,  slowly  at  ordinary 
temperatureSf  quickly  at  the  boiling  heat,  into  orthophosphoric  acid,  aiMl 
the  metaphosphates  of  sodium  and  barium  are  conyerted  by  boiling  witli 
water  into  the  corresponding  monometHllic  orthophosphates  (see  the  first 
three  equations  aboye). — &.  The  metaphosphate  of  a  heayy  metol,  silTer 
or  lead,  for  example,  is  conyerted  by  boiling  with  water  into  a  trimetallic 
phosphate  and  orthophosphoric  acid: 

SPOgAg  +   80H,  s  PO^Ag,  +  2PO4H,. 

y.  When  any  metaphosphst-e  is  fused  with  an  oxide,  hydrate  or  carbonate, 
it  becomes  a  trimetallio  orthophosphate,  e.  g, ; 

POjNa  +  CO,Na,  =»  PO^Na,  +  CO, 

On  the  other  hand  {i)j  when  ortiiophosphorio  acid  is  heated  to  redness, 
it  loses  water  and  becomes  metaphosphoric  acid ;  and  when  a  monometallic 
orthophosphate  is  heated  to  redness,  it  also  loses  water  and  is  transformed 
into  a  metaphosphate. 

Intermediate  between  orthophosphates  and  metaphosphates,  there  are 
at  least  three  distinct  classes  of  salts,  the  most  important  of  which  are  the 
pyrophotphatet  or  par apho^phates^  which  may  be  deriyed  from  the  tetrmhydrie 
or  quadribasie  acid,  Vfi^H^,  the  normal  sodium  salt,  for  example,  being 
P,07Na4,  the  normal  lead  salt,  P^O^Pb^^,  &c.  These  salts  may  be  yiewed 
as  compounds  of  orthophosphate  and  metaphosphate,  e.  g, : 

PjO^Na^  =s  PO^Noj  +  POjNa. 

Sodium  pyrophosphate  is  produced  by  heating  disodic  orthophosphate  to 
redness,  a  molecule  of  water  being  then  given  off: 

2P04Na,H  =  OH,  +  PjO^Na^. 

The  aqueous  solution  of  this  salt  yields  insoluble  pyrophosphates  with 
lead  and  silver  salts;  thus  with  lead  nitrate: 

PjO^Na^  +  2(N0j),Pb''  =  4N0,Na  =  PjO^Pb^'^ 

and  lead  pyrophosphate  decomposed  by  hydrogen  sulphide  yields  hydrogen 
pyrophosphate  or  pyrophospborio  acid: 

PjO^Pb'',  +  2SH,  =  2Pb^'S  +  Vfi^M^, 

Pyrophosphoric  acid  is  distinguished  from  metaphosphoric  acid  by  not 
coagulating  albumin  and  not  precipitating  neutral  solutions  of  barium  or 
stiver  salts,  and  from  orthophosphorio  acid  by  producing  a  white  instead 
of  a  yellow  precipitate  with  silver  nitrate. 

Pyrophosphates  are  easily  converted  into  metaphosphat«8  and  ortho- 
phosphates, and  vice  versA,  by  addition  or  subtraction  of  water  or  a  metallic 
base. 

a.  The  production  of  a  pyrophosphate  from  an  orthophosphate  by  loss 
of  water  has  been  already  mentioned.  — 0.  Conversely,  when  a  pyrophos- 
phate is  heated  with  water  or  a  base,  it  becomes  an  orthophosphate,  e.  g, : 

P,0,N84+    H»0      =2P04Nft,H 
PjO^Na^  +  20NaH  =  2P04Na8    +  OH,. 

In  like  manner  orthophosphorio  acid  heated  to  215°  is  almost  entirely  con- 
verted into  pyrophosphoric  acid :  2PO4H,  —  OH,  =  P,0-H4;  and  conversely, 
when  pyrophosphoric  acid  is  boiled  with  water,  it  is  transformed  into 
orthophosphoric  acid. 

y.  Pyrophosphoric  acid  heated  to  dull  redness  is  converted  into  meta- 
phosphoric acid :    PjO^H^  —  OH,  =:2P0,H.     The  converse  reaction  is  not 
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easily  dfeeted,  inasmnch  as  metaphoBphorio  acid  by  absorbing  water  gener- 
ally passes  directly  to  the  state  of  orthophosphoric  acid.  PeUgot,  however, 
observed  the  formation  of  pyrophosphorio  from  metaphosphoric  acid  by 
Tery  slow  absorption  of  water. — i.  When  a  metallic  metaphosphate  is 
treated  with  a  proper  proportion  of  a  hydrate,  oxide,  or  carbonate,  it  is 
eooTerted  into  a  pyrophosphate ;  thus : 

2P0,Na    +    COjNa,    =    P^O-Na^      +  CO, 

Metaphoephattt.         Ou-booate.         Pyn^pbosphata.        Carbon  dioxide. 

Fleiimann  and  Henneberg,*  by  fusing  together  a  molecule  of  sodium  py- 
rophosphate, P04Na3.P0J^a,  with  two  molecules  of  metaphosphate,  PO^Na, 
obtained  a  salt  having  the  composition  P04Na,.8P0gNa  =  P^Oj^Na^,  which 
is  soluble  without  decomposition  in  a  small  quantity  of  hot  water,  and 
erystallixes  from  its  solution  by  evaporation  over  oil  of  vitriol.  An  excess 
of  hot  water  decomposes  it,  but  its  cold  aqueous  solution  is  moderately  per- 
manent. Insoluble  phosphates  of  similar  composition  may  be  obtained 
from  the  sodium-salt  by  double  decomposition.  Fleitmann  and  Henneberg 
obtained  another  crystallizable  but  very  insoluble  salt,  having  the  compo- 
Bttion  P04Nfl3.9P0gNa  ==  P,Q0,jNa,2,  by  fusing  together  one  molecule  of 
eodium-pyrophosphate  with  eight  molecules  of  the  metaphosphate ;  and  in- 
soluble phosphates  of  similar  constitution  were  obtained  from  it  by  double 
decomposition. 

The  comparative  composition  of  these  different  phosphates  is  best  shown 
by  representing  them  as  compounds  of  phosphoric  oxide  with  metallic  oxide, 
and  assigning  to  them  all,  the  quantity  of  base  contained  in  the  most  com- 
plex member  of  the  series ;  thus  (for  the  sodium  salts) : 

Orthophosphate 2P,05 .  6Na,0  as  4P04Na 

Pyrophosphate SP^O, .  6Naj0  b  SPjO^Na^ 

Fleitmann  and  Henneberg's  phosphate  (a)  4P,05 .  6Na,0  =  2p40uNaf 

••  "  •«  {b)  6P,0, .  GNajO  =  P,-0„Na„ 

Metaphosphate 6P,0s .  6Na,0  =  l2P0,Na. 

Ketallie  Bulphidas.  —  These  compounds  correspond,  for  the  most  part,  to 
the  oxides  in  composition :  thus  there  are  two  sulphides  of  arsenic,  AsJ^g 
and  Anfig,  corresponding  to  the  oxides,  As.Og  and  Ab  fi^ ;  also  two  sulphiues 
of  mercury,  Hg,S  and  HgS,  analogous  to  the  oxides,  Hg,0  and  HgO.  Oc- 
casionally, however,  we  meet  with  oxides  to  which  there  are  no  correspond- 
ing sulphides  (manganese  dioxide,  for  example),  and  more  frequently  sul- 
phides to  which  there  are  no  corresponding  oxides,  the  most  remarkable  of 
which  are  perhaps  the  alkaline  polysulphides.  Potassium,  for  example, 
fonns  the  series  of  sulphides  K,S,  KJS,,  K^S^,  K^S^,  and  Kfi^  the  third  and 
fifth  of  which  have  no  analogues  in  the  oxygen  series. 

There  are  also  sulph-hydrates  analogous  to  the  hydrates,  and  containing 
the  elements  of  a  metallic  sulphide  and  hydrogen  sulphide,  or  sulph-hydric 
acid;  e.  g,  potassium  sulph-hydrate  K^S.H^S  =  2KHS;  lead  sulph-hydrate 
PVS.HJJS  =  Pb^'HjS,.  Sulph-hydrates  and  sulphides  may  be  derived  from 
sulph'hydrio  acid  by  partial  or  total  replacement  of  the  hydrogen  by  metals, 
just  as  metallic  hydrates  and  oxides  are  derived  from  water : 

SHH  SKH  SKK 

Bulph-hydrio  Sulph-hydrate  Sulphide, 

acid 

OHH  OKH  OKK 

Water  Hydrate  Oxide. 

*  Ann.  Gh.  Pbana.  Ixr.  804. 
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Many  metallic  sulphides  occur  as  natural  minerals,  especially  the  snlphides 
of  lead,  copper,  and  mercury,  which  afford  yaluable  ores  for  the  extract it>D 
of  the  metals,  and  iron  bisulphide  or  iron  pyrites,  FeS,,  which  is  lar^lr 
used  as  a  source  of  sulphur,  and  for  the  preparation  of  ferrous  sulphate. 

Sulphides  are  formed  artificially  by  heating  metals  with  sulphur ;  by  the 
action  of  metals  on  gaseous  hydrogen  sulphide ;  by  the  reduction  of  sul- 
phates with  hydrogen  or  charcoal ;  by  heating  metallic  oxides  in  contact 
with  gaseous  hydrogen  sulphide,  or  vapor  of  carbon  bisulphide;  and  bj 
precipitation  of  metallic  solutions  with  hydrogen  sulphide  or  a  sulphide  of 
alkali-metal.  Some  metals,  as  copper,  lead,  siWer,  bismuth,  mercury,  and 
cadmium,  are  precipitated  from  their  acid  solutions  by  hydrogen  sulphide, 
passed  into  them  as  gas  or  added  in  aqueous  solution,  the  sulphides  of  these 
metals  being  insoluble  in  dilute  acids ;  others,  as  iron,  cobalt,  nickel,  man- 
ganese, zinc,  and  uranium,  form  sulphides  which  are  soluble  in  acids,  and 
these  are  precipitated  by  hydrogen  sulphide  only  from  alkaline  solutions^ 
or  by  ammonium  or  potassium  sulphide  from  neutral  solutions.  Many  of 
these  sulphides  exhibit  very  characteristic  colors,  which  serve  as  indicationf 
of  the  presence  of  the  respective  metnls  in  snlution  (p.  201). 

Metallic  sulphides  are  also  formed  by  the  reduction  of  sulphates  with 
organic  substances ;  many  native  sulphides  have  doubtless  been  formed  ia 
this  way. 

The  physical  characters  of  some  metallic  sulphides  closely  resemble  those 
of  the  metals  in  certain  particulars,  such  as  the  peculiar  opacity,  lustre^ 
and  density,  especially  when  they  are  in  a  crystalline  condition.  They  are 
generally  crystallisable,  brittle,  and  of  a  gray,  pale  yellow,  or  dark  brown 
color.  The  sulphides  of  the  alkali-metals  are  soluble  in  water,  most  of 
the  others  are  insoluble.  They  are  frequently  more  fusible  than  the  cor- 
responding oxides,  and  some  are  volatilizable,  as  mercury  sulphide  and  ar- 
senic sulphide. 

Many  sulphides,  when  heated  out  of  contact  with  atmosph  sric  air,  do  not 
undergo  any  decomposition ;  this  is  the  case  chiefly  with  those  containing 
the  smallest  proportions  of  sulphur,  such  as  the  monosulphides  of  iron  and 
zinc.  Sulphides  containing  larger  proportions  of  sulphur  are  partially  de- 
composed by  heat,  losing  part  of  their  sulphur,  and  being  converted  into 
lower  sulphides ;  as  in  the  case  of  iron  bisulphide.  The  sulphides  of  gold 
and  platinum  arc  completely  reduced  by  heat. 

By  the  simultaneous  action  of  heat  and  of  substances  capable  of  combin- 
ing with  sulphur,  some  sulphides  may  be  decomposed.  Thus,  for  instance, 
silver,  copper,  bismuth,  tin,  and  antimony  sulphides  are  reduced  by  hydro- 
gen ;  copper,  lead,  mercury,  and  antimony  sulphides  are  reduced  by  heat- 
ing with  iron. 

Sulphides  which  are  not  reduced  by  heat  alone,  are  always  decomposed 
when  heated  in  contact  with  oxygen  or  atmospheric  air.  Those  of  the 
alkali-metals  and  earth-metals  are  converted  into  sulphates  by  this  means. 
Zinc,  iron,  manganese,  copper,  lead,  and  bismuth  sulphides  are  converted 
into  oxides,  and  sulphurous  oxide  is  produced ;  but  when  the  temperature 
is  not  above  dull  redness,  some  sulphate  is  formed  by  direct  oxidation. 
Mercury  and  silver  sulphides  are  completely  reduced  to  the  metallic  state. 
Some  native  sulphides  gradually  undergo  alteration  by  mere  exposure  to 
the  atmosphere ;  but  it  is  then  generally  limited  to  the  production  of  sul- 
phates, unless  the  oxidation  takes  place  so  rapidly  that  the  heat  generated 
IS  sufficient  to  decompose  the  sulphate  first  produced.  In  the  production 
of  some  metals  for  use  in  the  arts,  the  separation  of  sulphur  from  the  na* 
tive  minerals  is  effected  chiefly  by  means  of  this  action  in  the  operation  of 
roasting. 

Metallic  sulphides  are  decomposed  in  like  manner  when  heated  with 
metallic  oxides  in  suitable  proportiona,  yielding  sulphurous  oxide  and  the 
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metil  of  both  the  sulphide  and  oxide.     Lead  is  reduced  from  the  native 
sulphide  in  this  manner. 

Manjr  metallic  sulphides  are  decomposed  by  acids  in  the  presence  of 
waier,  sulphuretted  hydrogen  being  CTolved  while  the  metal  enters  into 
combination  with  the  acid  or  chlorous  radical  of  the  acid.  Nitric  acid  when 
concentrated  decomposes  most  sulphides,  with  formation  of  metallic  oxide, 
sulpharic  acid,  sulphur,  and  a  lower  oxide  of  nitrogen.  Nitromuriatio  acid 
acts  in  a  similar  manner,  but  still  more  energetically. 

SuLPHra-SALTS. — The  sulphides  of  the  more  basylous  metals  unite  with 
those  of  the  more  chlorous  or  electro-negntive  metals,  and  of  the  metalloids, 
forming  ndphur-saitt,  analogous  in  composition  to  the  oxygen-salts,  e.  ff, : 

Carbonate  CO3K,  =  CO,  K,0 

Sulphocarbonate  CS,K,  =  CS,.K^ 

Arsenate  2AsO^K,  =  As  fi^.ZKfi 

Sulpharsenate  2ABS4K,  ==  As^Sj-SK^ 

MeiddM  and  Tellurides. — These  compounds  are  analogous  in  compos!* 
tion,  and  in  many  of  their  properties,  to  the  sulphides,  and  likewise  unite 
one  with  the  other,  forming  selenium-salts  and  tellurium  salts  analogous  to 
the  oxygen  and  sulphur  salts. 

Metals  also  form  definite  compounds  with  nitrogen,  phosphorus,  silicon, 
Won,  and  carbon;  but  these  compounds  are  comparatively  unimportant, 
excepting  the  carbonides  of  iron,  which  form  east  iron  and  iteeL 
25 
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GROUP  I. --METALS  OF   THE  ALKALIES. 


P0TA88ITJ1L 
Atomic  weight,  391.     Symbol,  K  (Ealium). 

POTASSIUM  was  discovered  in  1807  bj  Sir  H.  Dary.  who  obtained  it  in 
very  small  quantity  by  exposing  a  piece  of  moistened  potassium  hydrate 
to  the  action  of  a  powerful  voltaic  battery,  the  alkali  being  placed  between 
a  pair  of  platinum  plates  connected  with  the  apparatus.  Processes  have 
since  been  devised  for  obtaining  this  metal  in  almost  any  quantity  that  can 
be  desired. 

An  intimate  mixture  of  potassium  carbonate  and  charcoal  is  prepared  by 
calcining,  in  a  covered  iron  pot,  the  crude  tartar  of  commerce ;  when  cold 
it  is  rubbed  to  powder,  mixed  with  one  tenth  part  of  charcoal  in  small 
lumps,  and  quickly  transferred  to  a  retort  of  stout  hammered  iron  :  the  lat- 
ter may  be  one  of  the  iron  bottles  in  which  mercury  is  imported.    The  retort 
is  introduced  into  a  furnace  a  (fig.  162),  and  placed  horizontally  on  supports 
of  fire-brick,  /,  /.     A  wrought-iron  tube  </,  four  inches  long,  serves  to  con- 
vey the  vapors  of  potassium  into  a  receiver  e,  formed  of  two  pieces  of 
wrought-iron,  a,  b  (fig.  163),  which  are  fitted  closely  to  each  other  so  as  to 
form  a  shallow  box  only  a  quarter  of  an  inch  deep,  and  are  kept  together 
by  clamp-screws.     The  iron  plate  should  be  one  sixth  of  an  inch  thick, 
twelve  inches  long,  and  five  inches  wide.     The  receiver  is  open  at  both 
ends,  the  socket  fitting  upon  the  neck  of  the  iron  bottle.     The  object  of 
giving  the  receiver  this  flattened  form  is  to  ensure  the  rapid  cooling  of  the 
potassium,  and  thus  to  withdraw  it  from  the  action  of  the  carbon  monoxide, 
which  is  disengaged  during  the  entire  process,  and  has  a  strong  tendency 
to  unite  with  the  potassium,  forming  a  dangerously  explosive  compound. 
Before  connecting  the  receiver  with  the  tube  d,  the  fire  is  slowly  raised  till  the 
iron  bottle  attains  a  dull  red  heat.    Powdered  vitrefied  borax  is  then  sprin- 
kled upon  it,  which  melts  and  forms  a  coating,  serving  to  protect  the  iron 
from  oxidation.     The  heat  is  then  to  be  urged  until  it  is  very  intense,  care 
being  taken  to  raise  it  as  equally  as  possiible  throughout  every  part  of  the 
furnace.     When  a  full  reddish-white  heat  is  attained,  vapors  of  potassium 
begin  to  appear  and  burn  with  a  bright  flame    The  receiver  is  then  adjusted 
to  the  end  of  the  tube,  which  must  not  project  more  than  a  quarter  of  an 
inch  through  the  iron  plate  forming  the  front  wall  of  the  furnace;  other- 
wise the  tube  is  liable  to  be  obstructed  by  the  accumulation  of  solid  potas- 
sium, or  of  the  explosive  compound  above  mentioned.    Should  any  obstruc- 
tion occur,  it  must  be  removed  by  thrusting  in  an  iron  bar,  and  if  this  fail, 
the  fire  must  be  immediately  withdrawn  by  removing  the  bars  from  the  fur- 
nace, with  the  exception  of  two  which  support  the  iron  bottle.    The  receiver 
is  kept  cool  by  the  application  of  a  wet  cloth  to  its  outside.  When  the  oper- 
ation is  complete,  the  receiver  with  the  potasaium  is  removed  and  immedi- 
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kttlj  plunged  into  ■  Teasel  of  rectified  PenUn  napbths  proTided  with  & 
cotr.  BDil  kept  cool  by  immeraloii  in  wftter.  When  the  appartrua  is  suffi- 
eiiailf  eoolEd,  the  potK»sium  ia  detaahed  aod  preaerred  under  naphllia. 


If  (he  potasainni  be  wanted  abitolutely  pure,  it  must  be  aflerwarda  r«- 
dinillej  ID  an  iron  retort,  ioto  which  some  naphtha  has  been  put,  that  ita 
tipor  may  expel  the  air,  and  prevent  oiidnlion  of  the  metal. 

Potassium  ia  a  brilliant  white  metal,  with  a  high  degree  of  luatro ;  at  the 
coiuioon  temperBiure  of  the  air  it  ia  BofI,  and  may  be  easily  Cut  with  a 
koire.  bnt  at  0°  it  ia  brittle  and  cryatalline.  It  melts  eompletety  at  6'_''5°, 
ind  distils  at  a  low  red  heat.  It  floata  on  water,  ita  apecifio  f  ravilj  being 
only  0-865. 

Eipoaed  to  the  air,  potassium  oiidiies  instantly,  a  tamisb  corering  the 
nirfice  of  tbe  metal,  which  quickly  thickens  lo  a  cruBt  of  caustic  potash. 
TlirowD  upon  water,  it  takes  fire  spontaneously,  and  bums  with  a  beautiful 
purple  Bame.  yielding  an  alkaline  solution.  When  it  is  brought  into  con- 
iict  with  a  little  water  in  a  Jar  standing  over  mercury.  I  he  liquid  is  decom- 
poitd  nith  great  energy,  and  hydrogen  liberated.  Potassium  is  always 
pteserred  under  the  surface  of  naphtha. 

PoT.tMio  Crlobidi,  KCI.  —  Thia  aalt  ia  obtained  in  large  quantity  in 
lb«  manufacture  of  the  chlorate:  it  is  easily  purified  from  any  portions  of 
ibe  latter  by  eiposuro  tb  a  dull  red  heat.  Within  the  last  few  years  Urge 
qii4Dtitiea  of  thia  salt  have  been  obtained  from  eea-water.  by  a  peculiar 
prooess  eugges(«d  by  H.  Balard.*  Il  ia  alao  contained  In  kelp,  and  ia  sep- 
■rtted  for  the  use  of  the  alum-maker.  Cansiderabte  quantitiea  of  it  are 
now  obtMned  from  tbe  aalt-beda  of  Straaafurt.  near  Magdeburg,  in  Prussia. 

Poiaasium  ohloride  closely  resembles  common  aalt  in  appearance,  asaum- 
in;.  like  that  aabetance.  the  cubic  form  of  cryatalliiation.  The  cryn- 
tkis  dissoUe  in  three  parts  of  cold,  and  in  a  much  smaller  quantity  of  boil- 
in;  water:  they  are  anhjdrou-,  hare  a  simple  saline  taste,  with  slight  bit- 
ifroHs,  and  fosa  when  exposed  to  a  red  heat.  Potassium  chloride  is 
'ol4liliied  by  a  very  high  temperature, 

PoTAtBiiiH  loDiDB.  KI.  —  There  are  three  different  methods  of  preparing 

Itiis  impurtant  medicinal  compound. 

(1.)  When  iodine  ia  added  to  a  strong  solution  of  caualic  potnah  free  from 
cirboBale,  it  is  dissolved  in  large  quantity,  forming  a  colorless  solution 
Muiwuiug  potassium  iodide  and  iodste;  the  reaction  is  the  same  as  in  the 

•  Ef]»ni  bf  Ih*  Jurlea  of  Ibe  International  Bihlbltlon  ot  1B63,  (;iu>  IL 
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analogous  case  with  chlorine.  When  the  solution  begins  to  be  permanently 
colored  by  the  iodine^  it  is  evaporated  to  dryness,  and  cautiously  heated  to 
redness,  by  which  the  iodate  is  entirely  convrrted  into  potassium  iodide. 
The  mass  is  then  dissolved  in  water,  and,  after  filtration,  made  to  crys- 
tallize. 

(2.)  Iodine,  water,  and  iron  filings  or  scraps  of  sine,  are  placed  in  a 
warm  situation  until  the  combination  is  complete,  and  the  solution  colorless*. 
The  resulting  iodide  of  iron  or  zinc  is  then  filtered,  and  exactly  decomposed 
with  solution  of  pure  potassium  carbonate,  great  care  being  taken  to  aroid 
excess  of  the  latter.  Potassium  iodide  and  ferrous  carbonate,  or  zinc  car- 
bonate, are  thus  obtained:  the  former  is  separated  by  filtration,  and  evap- 
orated until  the  solution  is  suflSciently  concentrated  to  crystallize  on  cooling, 
the  washings  of  the  filter  being  added  to  avoid  loss: 

Fel,    +    COjK,     =     2KI    +    COjFe'-'. 

(3.)  A  yery  simple  method  for  the  preparation  of  potassium  iodide  has 
recently  been  proposed  by  Liebig.  One  part  of  amorphous  phosphorus  is 
added  to  40  parts  of  warm  water ;  20  parts  of  dry  iodine  are  then  gradu- 
ally added  and  intimately  mixed  with  the  phosphorus  by  trituration.  The 
dark-brown  liquid  thus  obtained  is  now  heated  on  the  water-bath  until  ft 
becomes  colorless ;  it  is  then  poured  off  from  the  undissolved  phosphorus 
and  neutralized,  first  with  barium  carbonate  and  then  with  baryta  water, 
until  it  becomes  slightly  alkaline.  The  insoluble  barium  phosphate  ia  fil- 
tered off  and  washed;  the  filtrate  now  contains  nothing  but  barium  iodide, 
which,  when  treated  with  potassium  sulphate,  yields  insoluble  barium  sul- 
phate and  potassium  iodide  in  solution.  Lime  answers  nearly  as  well  as 
baryta. 

Potassium  iodide  crystallizes  in  cubes,  which  are  often,  from  some  unex- 
plained cause,  milk-white  and  opaque:  they  are  anhydrous,  and  fuae  rea- 
dily wiicn  heated.  The  salt  is  very  soluble  in  water,  but  not  deliquescent, 
when  pure,  in  a  moderately  dry  atmosphere :  it  is  dissolved  by  alcohol. 

Solution  of  potassium  iodide,  like  those  of  all  the  soluble  iodides,  dis- 
solves a  large  quantity  of  free  iodine,  forming  a  deep-brown  liquid,  not 
decomposed  by  water. 

Potassium  Bromide,  KBr.  —  This  compound  maybe  obtained  by  pro- 
cesses exactly  similar  to  those  just  described,  substituting  bromine  for  the 
iodine.  It  is  a  colorless  and  very  soluble  salt,  quite  undistinguiahable  in 
appearance  and  general  characters  from  the  iudide. 

Potassium  Oxides.  — Pot-assium  combines  with  oxygen  in  three  propor- 
tions, forming  a  monoxide,  OK^,  a  dioxide,  O2K,,  and  a  tetroxide,  O^jy^ 
besides  a  hydrate,  OKH,  corresponding  to  the  monoxide. « 

Fotasaium  monoxide^  OK^  also  called  anhydrous  potash^  or  potatsa,  is  formed 
when  potassium  in  thin  slices  is  exposed  at  ordinary  temperatures  to  dry 
air  free  from  carbon  dioxide ;  also  when  the  hydrate  is  heated  with  an 
equivalent  quantity  of  metallic  potassium : 

20KH     -f-     Kj    =    20K,     -f-     H,. 

It  is  white,  very  deliquescent  and  caustic,  combines  energetically  with 
water,  forming  potassium  hydrate,  and  becoming  incandescent  when  moist- 
ened with  it ;  melts  at  a  red  heat,  and  volatilizes  at  Tery  high  temperatures. 

OK 
The  dioxide  OjK,  or   I     is  formed  at  a  oerUin  stage   in  the  preparation 

OK 
of  the  tetroxide,  but  has  not  been  obtained  quite  pure.     By  carefully  reg- 
•  ulating  the  heat  and  supply  of  air,  nearly  the  whole  of  the  potassium 
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BUkj  he  conTcrted  into  a  white  oxide,  having  nearly  the  composition  of  the 
dioxide.     An  aqueous  solution  of  this  oxide  is  formed  by  the  action  of 

0— 0— K 
water  on  the  tetroxide.    The  Utrozide^  O4K,,  or  |  ,  is  produced  when 

CI— O— K 
potassium  is  burnt  in  excess  of  dry  air  or  oxygen  gas.  It  is  a  chrome- 
yellow  powder,  which  cakes  together  at  about  280°.  It  absorbs  moisture 
rapidlj,  and  is  decomposed  by  water,  giving  off  oxygen  and  forming  a 
Bolation  of  the  dioxide.  When  gently  heated  in  a  stream  of  carbon  mon- 
oxide, it  yields  potassium  carbonate  and  two  atoms  of  oxygen: 

O4K,     -f-     CO     =     CO,K,     +     0,: 

with  carbon  dioxide  it  acts  in  a  similar  manner,  giving  off  three  atoms  of 
oxygen.* 

Potassium  Htdrate,  OKH,  commonly  called  eauttic  potash,  or  poteusa^  is 
a  very  important  substance,  and  one  of  great  practical  utility.  It  is  al- 
ways prepared  for  use  by  decomposing  the  carbonate  with  calcium  hydrate 
(slaked  Ume),  as  in  the  following  process,  which  is  very  convenient :  10 
parts  of  potassium  carbonate  are  dissolved  in  100  parts  of  water,  and 
heated  to  ebullition  in  a  clean  untinned  iron,  or,  still  better,  silver  vessel; 
8  parts  of  good  quicklime  are  meanwhile  slaked  in  a  covered  basin,  and 
the  resulting  calcium  hydrate  added,  little  by  little,  to  the  boiling  solution 
of  carbonate,  with  frequent  stirring.  When  all  the  lime  has  been  intro- 
duced, the  mixture  is  suffered  to  boil  for  a  few  minutes,  and  then  removed 
from  the  fire  and  covered  up.  In  the  course  of  a  very  short  time,  the  so- 
lution will  have  become  quite  clear,  and  fit  for  decantation,  the  calcium 
carbonate,  with  the  excess  of  hydrate,  settling  down  as  a  heavy,  sandy 
precipitate.     The  solution  should  not  effervesce  with  acids. 

It  is  essential  in  this  process  that  the  solution  of  potassium  carbonate  be 
dilute,  otherwise  the  decomposition  becomes  imperfect.  The  proportion  of 
lime  recommended  is  much  greater  than  that  required  by  theory,  but  it  is 
always  proper  to  have  an  excess. 

The  solution  of  potassium  hydrate  may  be  concentrated  by  quick  evap- 
oration in  the  iron  or  silver  vessel  to  any  desired  extent;  when  heated 
until  vapor  of  water  ceases  to  be  disengaged,  and  then  suffered  to  cool,  it 
furnishes  the  solid  hydrate,  OKH,  or  OK^-OH,. 

Pare  potassium  hydrate  is  also  easily  obtained  by  heating  to  redness  for 
half  an  hour  in  a  covered  copper  vessel,  one  part  of  pure  powdered  nitre 
with  two  or  three  parts  of  finely  divided  copper  foil.  The  mass,  when 
cold,  is  treated  with  water. 

Potassium  hydrate  is  a  white  solid  substance,  very  deliquescent  and  sol- 
uble in  water ;  alcohol  also  dissolves  it  freely,  which  is  the  case  with  com- 
paratively few  potassium  compounds :  the  solid  hydrate  of  commerce,  which 
is  very  impure,  may  thus  be  purified.  The  solution  of  this  substance  pos- 
sesses, in  the  very  highest  degree,  the  properties  termed  alkaline:  it  re- 
stores the  blue  color  to  litmus  which  has  been  reddened  by  an  acid :  neu- 
tralizes completely  the  most  powerful  acids ;  has  a  nauseous  and  peculiar 
taste :  and  dissolves  the  skin,  and  many  other  organic  matters,  when  the 
latter  are  subjected  to  its  action.  It  is  frequently  used  by  surgeons  as  a 
cautery,  being  moulded  into  little  sticks  for  that  purpose. 

Potassium  hydrate,  both  in  the  solid  state  and  in  solution,  rapidly  absorbs 
carbonic  acid  from  the  air;  hence  it  must  be  kept  in  closely  stopped  bot- 
tles. When  imperfectly  prepared,  or  partially  altered  by  exposure,  it 
effervesces  with  an  acid. 

*  Hftrcourt,  Chem.  Soc.  Journ.  xiT.  267. 
26» 
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This  compound  is  not  decomposed  by  heat,  but  Tolatilizes  undecompose^i 
at  a  very  high  temperature. 

The  following  tahle  of  the  densities  and  yalue  itf  anhydrous  potassium 
oxide,  OKj,  of  dilTcrcnt  solutions  of  potassium  hydrate,  is  given  on  the 
authority  of  Dalton: 


^eiMity. 

Pcrcentngo  of 

Dondty. 

Percentage  of 
0R|. 

1-68      . 

.    61-2 

1-38      . 

.    26-8 

1-60 

46-7 

1-28 

23-4 

1-52      . 

.    42  9 

1-28      . 

.    19-5 

1-47 

89-6 

119 

16-2 

1-44     . 

.    86-8 

115      . 

.     13-0 

1-42 

84-4 

Ill 

9-5 

1-39     . 

.    82-4 

106     . 

.      4-7 

1-36 

29-4 

Potassium  Nitrate;  Nitke;  Saltfetbb,  N0,K ■=■  N0,(0K). — This  im- 
portant compound  is  a  natural  product,  being  disengaged  by  a  kind  of 
efflorescence  from  the  surface  of  the  soil  in  certain  dry  and  hot  countnes. 
It  may  also  be  produced  by  artificial  means — namely,  by  the  oxidation  of 
ammonia  in  presence  of  a  powerful  base. 

In  France,  large  quantities  of  artificial  nitre  are  prepared  by  mixing 
animal  refuse  of  all  kinds  with  old  mortar  or  calcium  hydrate  and  earth, 
and  placing  the  mixture  in  heaps,  protected  from  the  rain  by  a  roof,  but 
freely  exposed  to  the  air.  From  time  to  time  the  heaps  are  watered  with 
putrid  urine,  and  the  mass  turned  over,  to  expose  fresh  surfaces  to  the  air. 
When  much  salt  has  been  formed,  the  mixt^re  is  lixiviated,  and  the  solution, 
which  contains  calcium  nitrate,  is  mixed  with  potassium  carbonate ;  calcium 
carbonate  is  formed,  and  the  nitric  acid  transferred  to  the  alkali.  The  fil- 
tered solution  is  then  made  to  crystallise,  and  the  cryst-als  are  purified  by 
re-solution  and  crystallisation,  the  liquid  being  stirred  to  prevent  the  for- 
mation of  large  crystals. 

The  greater  part  of  the  nitre  used  in  this  country  comes  from  the  East 
Indies:  it  is  dissolved  in  water,  a  little  potassium  carbonate  added  to  pre- 
cipitate lime,  and  then  the  salt  purified  as  above. 

Considerable  quantities  of  nitre  are  now  manufactured  by  decomposing 
native  sodium  nitrate  (Chile  saltpetre),  with  carbonate  or  chloride  of  po- 
tassium. In  Belgium  the  potassium  carbonate  obtained  from  the  ashes  of 
the  beetroot  sugar  manufactories  is  largely  used  for  this  purpose;  the  po- 
tassium nitrate  thus  prepared  is  very  pure,  and  is  produced  at  a  low  price. 

Potassium  nitrate  crystallizes  in  anhydrous  six-sided  prisms,  with  di- 
hedral summits,  belonging  to  the  rhombic  or  trlmetric  system :  it  is  soluble 
in  7  parts  of  water  at  15-5°,  and  in  its  own  weight  of  boiling  water.  Irs 
taste  is  saline  and  cooling,  and  it  is  without  net  ion  on  vegetable  colors.  At 
a  temperature  below  redness  it  melts,  and  by  a  strong  heat  is  conipletely 
decomposed. 

When  it  is  thrown  on  the  surface  of  many  metals  in  a  state  of  fusion,  or 
when  mixed  with  combustible  matter  and  heated,  rapid  oxidation  ensues, 
at  the  expense  of  the  oxygen  of  the  nitric  acid.  Examples  of  such  mixtures 
are  found  in  common  gunpowder,  and  in  nearly  all  pyrotechnic  compositions, 
which  burn  in  this  manner  independently  of  the  oxygen  of  the  air.  and 
even  under  water.  Gunpowder  is  made  by  very  intimately  mixing  together 
potassium  nitrate,  charcoal,  and  sulphur,  in  proportions  which  approach 
2  molecules  of  nitre.  8  atoms  of  carbon,  and  1  atom  of  sulphur. 

These  quantities  give,  reckoned  to  100  parts,  and  compared  with  the 
proportions  used  in  the  manufacture  of  the  English  Government  powder,* 
the  following  results: 

*  Dr.  MTnllorh,  EncyclopipiliH  Britannicm 
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ip.  PropnrtloiM 

xneory.  j^  p^^tio^ 

Potassium  nitrate         .        74*8        .        75 
Charcoal  .         .         .     13  8    .         .    15 

Sulphur        .        .        .         11*9        .        10 

1000  100 

The  nitre  is  rendered  rery  pure  by  the  means  already  mentioned,  ft*eed 
from  water  by  fusion,  and  ground  to  fine  powder;  the  sulphur  and  char- 
coal, the  latter  being  made  from  light  wood,  as  dogwood  or  alder,  are  also 
finely  ground,  after  which  the  materials  are  weighed  out,  moistened  with 
water,  aad  thoroughly  mixed  hy  grinding  under  an  edge-mill.  The  mass 
is  then  subjected  to  great  pressure,  and  the  millcake  thus  produced  broken 
in  pieces,  and  placed  in  sieves  made  of  perforated  vellum,  moved  by 
machinery,  each  containing,  in  addition,  a  round  piece  of  heavy  wood. 
The  grains  of  powder  broKen  off  by  attrition  fall  through  the  holes  in  the 
skin,  and  are  easily  separated  from  the  dust  by  sifting.  The  powder  is, 
lastly,  dried  by  exposure  to  steam-heat,  and  sometimes  glazed  or  polished 
by  agitation  in  a  kind  of  cask  inounted  on  an  axis. 

It  was  formerly  supposed  that  when  gunpowder  is  fired,  the  whole  of  the 
oxygen  of  the  potassium  nitrnte  was  transferred  to  the  carbon,  forming 
carbon  dioxide,  the  sulphur  combining  with  the  potassium,  and  the  nitrogen 
being  set  free.     There  is  no  doubt  that  this  reaction  does  take  place  to  a 
considerable  extent,  and  that  the  large  volume  of  gas  thus  produced,  and 
9iiUfurther  expanded  by  the  very  exalted  temperature,  sufficiently  accounts 
for  the  explosive  effects.     But  recent  investigations  by  Bunsen,  Karolyi, 
and  others,  have  shown  that  the  actual  products  of  the  combustion  of  gun- 
powder are  much  more  complicated  than  this  theory  would  indicate,  a  very 
large  number  of  products  being  formed,  and  a  considerable  portion  of  the 
oxygen  being  transferred  to  the  potassium  sulphide,  converting  it  into  sul- 
phate, which,  in  fact,  constitutes  the  chief  portion  of  the  solid  residue  and 
of  the  smoke  formed  by  the  explosion.* 

Potassium  Chlohate,  CIO5K  =  ClOJOK).  —  The  theory  of  the  produc- 
tion of  chloric  acid,  by  the  action  of  chlorine  gas  on  a  solution  of  caustic 
potassa,  has  been  already  explained  (p.  187). 

Chlorine  gas  is  conducted  by  a  wide  tube  into  a  strong  and  warm  solu- 
tion of  potassium  carbonate,  until  absorption  of  the  gas  ceases ;  and  the 
liquid  is,  if  necessary,  evaporated,  and  then  allowed  to  cool,  in  order  that 
the  Blightly  soluble  chlorate  may  crystallize  out.  The  mother-liquor  affords 
a  second  crop  of  crystals,  but  they  are  much  more  contaminated  by  potas- 
eium  chloride.     It  may  be  purified  by  one  or  two  re-crystallizations. 

Potassium  chlorate  is  soluble  in  about  20  parts  of  cold  and  2  of  boiling 
*ater:  the  crystals  are  anhydrous,  flat,  and  tabular;  in  taste  it  somewhat 
resembles  nitre.  When  heated,  it  gives  off  the  whole  of  its  oxygen  gas 
tn<l  leaves  potassium  chloride.  By  arresting  the  decomposition  when  the 
evolution  of  g^s  begins  to  slacken,  and  redissolving  the  salt,  potassium  per- 
chlorate  and  chloride  may  be  obtained. 

This  salt  deflagrates  violently  with  combustible  matter,  explosion  often 
occurring  by  friction  or  blows.  When  about  one  grain- weight  of  chlorate 
*nd  an  equal  quantity  of  sulphur  are  rubbed  in  a  mortar,  the  mixture  ex- 
plodes with  a  loud  report:  hence  it  cannot  be  used  in  the  preparation  of 
(prnpowder  instead  of  the  nitrate.  Potassium  chlorate  is  now  a  large  article 
of  commerce,  being  employed,  together  with  phosphorus,  in  making  instan- 
Unwus-light  matohes. 

Potassium  PxRCHLoaATs,  CIO4K  =  C10,(0K).— This  salt  has  been  already 

WatU'a  Dictionary  of  CliomiBtry,  toI.  ii.  p.  968. 
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noticed  ynder  the  head  of  perchloric  acid.  It  is  best  prepared  by  project- 
ing powdered  potassium  chlorate  into  warm  nitric  acid,  when  the  chlo- 
ric acid  is  resolved  into  perchloric  acid,  chlorine  and  oxygen  gabies.  The 
salt  is  separated  by  crystallization  from  the  nitrate.  Potassium  perchlorate 
is  a  yery  slightly  soluble  salt :  it  requires  55  parts  of  cold  water,  but  is 
more  freely  taken  up  at  a  boiling  heat.  The  crystals  are  small,  and  faATe 
the  figure  of  an  ootohedron  wit  h  square  base.  It  is  decomposed  by  heat,  in 
the  same  manner  as  the  chlorate. 

Potassium  Carbonates. — Potassium  forms  two  well-defined  carbonate?, 
namely,  a  normal  or  neutral  carbonate,  COjK,,  and  an  acid  salt  containing 
COjKH. 

Normal  potcunium  carbonate,  or  dtpofassie  carbonate  =  CO  (OK),  =  COj^OK^ 
Potassium-salts  of  yegctable  acids  are  of  constant  occurrence  in  plants, 
where  they  perform  important,  but  not  yet  perfectly  understood  functions 
in  the  economy  of  those  beings.  The  potassium  is  derived  from  the  soil, 
which,  when  capable  of  supporting  vogetnble  life,  always  contains  that  sub- 
stance. When  plants  are  burned,  the  organic  acids  are  destroyed,  and  the 
potassium  is  left  in  the  state  of  carbonate. 

It  is  by  these  indirect  means  that  the  carbonate,  and,  in  fact,  nearly  all 
the  salts  of  potassium,  are  obtained.  The  great  natural  depository  of  the 
alkali  is  the  felspar  of  granitic  and  other  unstratified  rocks,  where  it  is 
combined  with  silica,  and  in  an  insoluble  state.  The  extraction  thence  is 
attended  with  great  diflSculties,  and  many  attempts  at  manufacturing  it  on 
a  large  scale  from  this  source  have  failed ;  but  experiments  quite  recently 
made  by  Mr.  T.  0.  Ward  appear  to  indicate-that  the  object  may  be  accom- 
plished by  fusing  potassio  rocks  with  a  mixture  of  calcium  carbonate  and 
fluoride.  There  are,  however,  natural  processes  at  work,  by  which  the 
potash  is  constantly  being  eliminated  from  these  rocks.  Under  the  infiu> 
en'ce  of  atmospheric  agencies,  the$>c  rocks  disintegrate  into  soils,  and  as  the 
alkali  acquires  solubility,  it  is  gradually  taken  up  by  plants,  and  accumu- 
lates in  their  substance  in  a  condition  highly  favorable  to  its  subsequent 
applications. 

Potassium-salts  are  always  most  abundant  in  the  green  and  tender  parts 
of  plants,  as  may  be  expected,  since  from  these,  evaporation  of  nearly  pure 
water  takes  place  to  a  large  extent :  the  solid  timber  of  forest^trees  contains 
comparatively  little. 

In  preparing  the  salt  on  an  extensive  scale,  the  ashes  are  subjected  to  a 
process  called  lixiviation :  they  are  put  into  a  large  cask  or  tun,  having  an 
aperture  near  the  bottom,  stopped  by  a  plug,  and  a  quantity  of  water  is 
added.  After  some  hours  the  liquor  is  drawn  off,  and  more  water  added, 
that  the  whole  of  the  soluble  matter  may  be  removed.  The  weakest  solu- 
tions are  poured  upon  fresh  quantities  of  ash,  in  place  of  water.  The  solu- 
tions are  then  evaporated  to  dryness,  and  the  residue  calcined,  to  remove  a 
little  brown  organic  matter:  the  product  is  the  crude  potash  or  pearla.«h 
of  commerce,  of  which  very  large  quantities  are  obtained  from  Russia  and 
America.  This  salt  is  very  impure :  it  contains  potassium  silicate,  sulphate, 
chloride,  &c. 

The  purified  potassium  carbonate  of  pharmacy  is  prepared  from  the  cmde 
article  by  adding  an  equal  weight  of  cold  water,  agitating  and  filtering: 
most  of  the  foreign  salts  are,  from  their  inferior  degree  of  solubility,  left 
behind.  The  solution  is  then  boiled  down  to  a  very  small  bulk.  an<l  suffered 
to  cool,  when  the  carbonate  separates  in  small  crystals  contnining  2  mole- 
cules of  water,  C0,K,.20H,;  these  are  drained  from  the  mother-liquor,  and 
then  dried  in  a  stove. 

A  still  purer  salt  may  be  obtained  by  exposing  to  a  red-heat  purified  cream 
of  tartar  (acid  potaspium  tartrate),  and  separating  the  carbonate  by  solu- 
tion in  water  and  crystallisation,  or  evaporation  to  dryneas. 
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Potassium  carbonate  is  extremely  deliquescent,  and  soluble  iq  less  than 
its  own  weight  of  water :  the  solution  is  highly  alkaline  to  test-paper.  It 
is  insoluble  in  alcohol.  By  heat  the  water  of  crystallization  is  driven  off, 
and  by  a  temperature  of  full  ignition  the  salt  is  fused,  but  not  otherwise 
changed.  This  substance  is  largely  used  in  the  arts,  and  is  a  compound  of 
great  importance. 

Acid  potassium  carbonate^  Hydrogen  potassium  carbonate,  or  Mono-potassk 
rarhonate^  CO,KH  =  COj(KHO) ;  commonly  called  bicarbonate  of  potash.  — 
When  a  stream  of  carbonic  acid  gas  is  passed  through  a  cold  solution  of 
pota^ium  carbonate,  the  gas  is  rapidly  absorbed,  and  a  white,  crystalline, 
ami  less  soluble  substance  separated,  which  is  the  acid  salt.  It  is  collected, 
pressed,  re-dissolved  in  warm  water,  and  the  solution  left  to  crystallize. 

Acid  potassium  carbonate  is  much  less  soluble  than  the  normal  carbon- 
ate :  it  requires  for  that  purpose  4  parts  of  cold  water.  The  solution  is 
nearly  neutral  to  test-paper,  and  has  a  much  milder  taste  than  the  normal 
salt.  When  boiled  it  gives  off  carbon  dioxide.  The  crystals,  which  are 
large  and  beautiful,  derive  their  form  from  a  monoclinio  prism :  they  are 
decomposed  by  heat,  water  and  carbon  dioxide  being  evolved,  and  normal 
carbonate  left  behind : 

2C0,KH    =    C03K^     +     on,    -f     CO,. 

PoTassiUM  Sulphates.  — Potassium  forms  a  normal  or  neutral  sulphate, 
tvo  acid  sulphates,  and  an  anhydrosulphate. 

Normal  potassium  sulphate,  or  Bipolassie  sulphate,  SO^K,  =  S02(0K)j  = 
SOj-OR^^is  obtained  by  neutralizing  the  acid  residue  lett  in  the  retort  wucn 
nitric  acid  is  prepared,  with  crude  potassium  carbonate.  The  solution 
yields,  on  cooling,  hard  transparent  cry-stals  of  the  neutral  sulphate,  wiiich 
may  be  re-dissolved  in  boiling  water,  and  re -crystallized. 

Potassium  sulphate  is  soluble  in  about  10  parts  of  cold,  and  in  a  much 
smaller  quantity  of  boiling  water:  it  has  a  bitter  taste,  and  is  neutral  to 
t^di-paper.  The  crystals  are  combinations  of  rhombic  pyramids  and  prisms, 
much  resembling  those  of  quartz  in  figure  and  appearance:  they  are  anhy- 
droos,  and  decrepitate  when  suddenly  heated,  wiiich  is  often  the  case  with 
salts  containing  no  water  of  crystallization.  They  are  quite  insoluble  in 
alcohol. 

Acid  potassium  sulphate.  Hydrogen  and  potassium  stdphaie,  or  Monopotassie 
sulphate,  SO^KH  =  SO,(OK)(OH)  =  SO,.OKH,  commonly  called  bisulphate 
of  potash,  —  To  obtain  this  salt,  the  neutral  sulphate  in  powder  is  mixed 
with  half  its  weight  of  oil  of  vitriol,  and  the  whole  evaporated  quite  to 
dryness  in  a  platinum  vessel,  placed  under  a  chimney:  the  fused  salt  is 
dissolved  in  hot  water,  and  left  to  crystallize.  The  crystals  have  the  figure 
of  flattened  rhombic  prisms,  and  are  much  more  soluble  than  the  neutral 
u\t,  requiring  only  twice  their  weight  of  water  at  15-5°,  and  less  than  half 
ta.it  quantity  at  100°.  The  solution  has  a  sour  taste  and  strongly  acid 
reaction. 

Another  add  sulphate,  containing  (804)3X^11,  or  2S04K,.S04H,,  crystal- 
lizing in  fine  needles  resembling  asbestos,  was  obtained  by  Phillips  from  the 
nitric  acid  residue.  Jacquelain  was  unsuccessful  in  his  attempts  to  repro- 
<luce  this  compound. 


loaving  the  solution  to  cool  The  anhydrous  sulphate  crystallizes  out  in 
long  delicate  needles,  which  if  left  for  several  days  in  the  mother-liquor, 
disappear,  and  give  place  to  cry.stals  of  the  ordinary  acid  sulphate  above 
described.     This  salt  is  decomposed  by  a  largo  quantity  of  water.* 

•  Jacqaolatn,  Ann.  Chim.  Phys.  [3],  vol.  vil.  p.  811. 
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PoTABSiUM  Sulphides. — Potassium  heated  in  sulphur  yapor  barns  witk 
great  brilliancy.  It  unites  with  sulphur  in  five  ditt'crvut  proportions, 
forming  the  compounds  SK,,  S,Ky  ^a^r  ^4^  ^s^i*  ^^^^  ^  bulph-hjdrate, 
SKH. 

Monotulphidt,  SK,.  —  It  is  doubtful  whether  this  compound  has  been  ob- 
tained in  the  pure  state.  It  is  commonly  said  to  be  produced  by  heating 
potassium  sulphate  in  a  current  of  dry  hydrogen,  or  by  igniting  the  same 
salt  in  a  covered  vessel  with  finely  divided  charcoal;  but,  according  to 
Bauer,  one  of  the  higher  sulphides  is  always  formed  at  the  same  time,  to- 
gether with  oxide  of  potassium.  The  product  has  a  reddish -yellow  color. 
is  deliquescent,  and  acts  as  a  caustic  on  the  skin.  When  potassium  sulpliate 
is  heated  in  a  covered  crucible  with  excess  of  lamp-black,  a  mixture  of  potas- 
sium sulphide  and  finely  diyided  carbon  is  obtained,  which  takes  fire  spontane- 
ously on  coming  in  contact  with  the  air.  The  monosulphide  might  perfaaps 
be  obtained  pure  by  heating  1  molecule  of  potassium  sulph-hydrate,  KllS, 
with  1  atom  of  the  metal. 

When  sulph-hydric  acid  gas  is  passed  to  saturation  into  a  solution  of 
caustic  potash,  a  solution  of  the  sulph-hydrate  is  obtained,  which  is  color- 
less at  first,  but  if  exposed  to  the  air,  quickly  absorbs  oxygen,  and  turns 
yellow,  in  consequence  of  the  formation  of  bisulphide: 

2SKH    +     O    =    S,K,    +     OH, 

If  a  solution  of  potash  be  divided  into  two  equal  parts,  and  one  half 
saturated  with  hydrogen  sulphide,  and  then  mixed  with  the  other,  a  solu- 
tion is  formed  which  may  contain  potassium  monosulphide: 

SKH    -f    OKH    =    SK,    -{-    OH,. 

But  it  is  also  possible  that  the  hydrate  and  the  sulph-hydrate  may  mix 
without  mutual  decomposition.  The  solution,  when  mixed  with  one  of  the 
stronger  acids,  gives  off  hydrogen  sulphide  without  deposition  of  sulphur, 
a  reaction  which  is  consistent  with  either  view  of  its  constitution. 

The  bisulphidcy  S^K^  is  formed,  as  already  observed,  on  exposing  a  solu- 
tion of  the  sulph-hydrate  to  the  air  till  it  begins  to  show  turbidity.  Bj 
evaporation  in  a  vacuum,  it  is  obtained  as  an  orange-colored,  easily  fusible 
substance. 

The  tritulphide^  ^s^  ^^  obtained  by  passing  the  vapor  of  carbon  bisnl- 
phide  over  ignited  potassium  carbonate,  as  long  as  gas  continues  to  escape : 

2CO5K,    -j-     3C8,    =r    2S,K,    +     4C0     +     CO,, 

Also,  together  with  potassium  sulphate,  forming  one  of  the  mixtures  called 
Uver  of  sulphur,  by  melting  552  parts  (^1  molecules)  of  potassium  carbonate 
with  320  parts  (10  atoms)  of  sulphur: 

4C0,K,    -f     Sj^    =    SO,K,    +     8S,K,    +    4C0,. 

The  tetrasulpkide^  S^K,,  is  formed  by  reducing  potassium  sulphate  with 
the  vapor  of  carbon  bisulphide. 

The  penlasulphide,  SgK,,  is  formed  by  boiling  a  solution  of  any  of  the 
preceding  sulphides  with  excess  of  sulphur  till  it  is  saturated,  or  by  fusing 
either  of  them  in  the  dry  state  with  sulphur.  The  excess  of  sulphur  then 
separates  and  floats  above  the  dark-brown  pentasulphide. 

Liver  of  sulphur,  or  hepar  sulphuris,  is  a  name  given  to  a  brownish  sub- 
stance, sometimes  used  in  medicine,  made  by  fusing  together  different 
proportions  of  potassium  carbonate  and  sulphur.  It  is  a  variable  mis* 
ture  of  the  two  higher  sulphides  with  hyposulphite  and  sulphate  of  po* 
tassium. 

When  equal  parts  of  sulphur  and  dry  potassium  carbonate  are  melted 
together  at  a  temperature  not  exceeding  250°  C.  (482°  F.),  the  decomposi- 
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lion  of  the  salt  is  qaite  complete,  and  all  the  carbon  dioxide  ia  expelled. 
The  fused  mass  dissolTes  in  water,  with  the  exception  of  a  Utile  mechan- 
ically mixed  sulphur,  with  dark-brown  color,  and  the  solution  is  found  to 
contain  nothing  besides  pentasulphide  and  hyposulphite  of  potassium: 

30K,    +    S„    =    2S,K,    +     S,0,K, 

When  the  mixture  has  been  exposed  to  a  temperature  approaching  that 
of  ignition,  it  is  found,  on  the  contrary,  to  contain  potassium  sulphate, 
irising  from  the  decomposition  of  the  hyposulphite  which  then  ooours: 

4S,0,K3    8     8,K,    +     8SO4K,. 

From  both  these  mixtures  the  potassium  pentasulphide  may  be  extracted 
by  alcohol,  in  which  it  dissolves. 

When  the  carbonate  is  fused  with  half  its  weight  of  sulphur  only,  the 
trisulphide  is  produced,  as  above  indicated,  ins*^ad  of  the  pentasulphide. 

The  effects  described  happen  in  the  same  manner  when  potassium 
hydrate  is  substituted  for  the  carbonate ;  also,  when  a  solution  of  the  hy- 
drate is  boiled  with  sulphur,  a  mixture  hi'  sulphide  and  hyposulphite  al- 
ways results. 


Potasnum-salts  are  colorless,  when  not  associated  with  a  colored  metallic 
oxide  or  acid.  They  are  all  more  or  less  soluble  in  water,  and  may  be 
distinguished  by  the  following  characters : 

(I.)  Solution  of  tartaric  acid,  added  in  excess  to  a  moderately  strong  solu- 
tion of  potassium-salt,  gives,  after  some  time,  a  white  crystalline  precipi- 
tate of  cream  of  tartar ;  the  effect  is  greatly  promoted  by  strong  agitation. 

(2.)  Solution  of  platinie  chloride  with  a  little  hydrochloric  acid,  if  neces- 
BAry,  gives,  under  similar  circumstances,  a  crystalline  yellow  precipitate, 
which  is  a  double  salt  of  platinum  tetrachloride  and  potassium  chloride. 
Both  this  compound  and  cream  of  tartar  are,  however,  soluble  in  about  60 
parts  of  cold  water.  An  addition  of  alcohol  increases  the  delicacy  of  both 
tests. 

(3.)  Perchloric  acid,  and  tdicofluoric  acid^  give  rise  to  slightly  soluble  white 
prcipitates  when  added  to  a  potassium-salt. 

(1)  Potassium-salts  usually  color  the  outer  blowpipe-flame  purple  or 
riolei:  this  reaction  is  clearly  perceptible  only  when  the  potassium-salts 
are  pure. 

(5.)  The  spectral  phenomena  exhibited  by  potassium  compounds  are  men- 
tioned at  p.  88. 


SODIUX. 

Atomic  weight,  28.    Symbol,  Na.  (Natrium). 

SoDiTTH  is  a  very  abundant  element,  and  very  widely  diffused.  It  occurs 
in  Urge  quantities  as  chloride,  in  rock-salt,  sea-water,  salt-springs,  and 
n^&y  other  mineral  waters ;  more  rarely  as  carbonate,  borate,  and  sul- 
phate, in  solution  or  in  the  solid  state,  and  as  silicate  in  many  minerals. 

Metallic  sodium  was  obtained  by  Davy  soon  after  the  discovery  of  po- 
taasinm,  and  by  similar  means.  Gav-Lussac  and  Tb^nard  afterwards  pre^ 
pared  it  by  decomposing  sodium  hydrate  with  metallic  iron  at  a  white  heat ; 
and  Bmnner  showed  that  it  may  be  prepared  with  much  greater  facility 
i>7  distilling  a  mixture  of  sodium  carbonate  and  charcoal. 

The  preparation  of  sodium  by  this  last-mentioned  process  is  much  easier 
^AQ  that  of  potassium,  not  being  complicated,  or  only  to  a  slight  ejttent. 
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by  tbe  formation  of  secondary  products.  Witbin  tbe  last  few  years  it  has 
been  considerably  improved  by  Deville  and  others,  and  carried  out  on  the 
manufacturing  scale,  sodium  being  now  employed  in  considerable  quantity 
as  a  reducing  agent,  especially  in  the  manulacture  of  aluminium  and  mag- 
nesium, and  in  the  silver  amalgamation  process. 

Tbe  sodium  carbonate  used  for  the  preparation  is  prepared  by  calcining 
the  crystallized  neutral  carbonate.  It  must  be  thoroughly  dried,  then 
pounded  and  mixed  with  a  slight  excess  of  pounded  charcoal  or  coaL  An 
inactire  substance,  viz.  pounded  chalk,  is  also  added  to  keep  the  mixture 
in  a  pasty  condition  during  the  operation,  and  prevent  the  fused  sodium 
carbonate  from  separating  from  the  charcoal.  The  following  are  the  pro- 
portions recommended  by  Deville : 


For  Laboratory  Operatioru. 
Dry  sodium  carbonate,       7 1 7  parts 


Charcoal 
Chalk 


175 
108 


•i 


(( 


For  Manufactvring  Operaiiofu. 
Dry  sodium  carbonate,      80  kilogr. 

Coal IS 

Chalk 3 


«( 


t( 


These  materials  must  be  very  intimately  mixed  by  pounding  and  sifting, 
and  it  is  advantageous  to  calcine  the  mixture  before  introducing  it  into  tbe 
distilling  apparatus,  provided  the  calcination  can  be  effected  by  the  waste 
heat  of  a  furnace ;  the  mixture  is  thereby  rendered  more  compact,  so  that 
a  much  larger  quantity  can  be  introduced  into  a  vessel  of  given  size. 

The  distillation  is  performed,  on  the  laboratory  scale,  in  a  mercury  bottle 
heated  exactly  in  the  manner  described  for  the  preparation  of  potassium. 
For  manufacturing  operations,  the  mixture  is  introduced  into  iron  cylin- 
ders, which  are  heated  in  a  revcrberatory  furnace,  and  so  arranged  that, 
at  the  end  of  the  distillation,  the  exhausted  charge  may  be  withdrawn  and 
a  fresh  charge  introduced,  without  displacing  the  cylinders  or  putting  out 
the  fire.  The  receivers  used  in  cither  case  are  the  same  in  form  and  di- 
mensions as  those  employed  in  the  preparation  of  potassium  (p.  291). 

When  the  process  goes  on  well,  the  sodium  collected  in  the  receivers  is 
nearly  pure;  it  may  be  completely  purified  by  melting  it  under  a  thin  layer 
of  naphtha.  This  liquid  is  decanted  as  soon  as  the  sodium  becomes  per- 
fectly fluid,  and  the  metal  is  run  into  moulds  like  those  used  for  casting 
lead  or  zinc. 

Sodium  Chloride  ;  Common  Salt,  NaCl.  —  This  very  important  substance 
is  found  in  many  parts  of  the  world  in  solid  beds  or  irregular  strata  of  im- 
mense thickness,  as  in  Cheshire,  Spain,  Galicin,  and  many  other  localities. 
An  inexhaustible  supply  exists  also  in  the  waters  of  the  ocean,  and  large 
quantities  are  obtained  from  saline  springs. 

Rock-salt  is  almost  always  too  impure  for  use.  If  no  natural  brine-spring 
exists,  an  artificial  one  is  formed  by  sinking  a  shaft  into  the  rock-salt,  and, 
if  necessary,  introducing  water.  This  when  saturated  is  pumped  up,  and 
evaporated  more  or  less  rapidly  in  large  iron  pans.  As  the  salt  separates, 
it  is  removed  from  the  bottom  of  the  vessel  oy  means  of  a  scoop,  pressed 
while  still  moist  into  moulds,  and  then  transferred  to  the  drying-stove. 
When  large  crystals  are  required,  as  for  the  coarse-grained  hay^taH  used  in 
curing  provisions,  the  evaporation  is  slowly  conducted.  Common  salt  is 
apt  to  be  contaminated  with  magnesium  chloride. 

Sodium  chloride,  when  pure,  is  not  deliquescent  in  moderately  dry  air. 
It  crystallizes  in  anhydrous  cubes,  which  are  often  grouped  together  into 
pyramids,  or  steps.  It  requires  about  2 J  parts  of  wafer  at  15'6®  C  (60° 
F.)  for  solution,  and  its  solubility  is  not  sensibly  increased  by  heat;  it  dis- 
solves to  some  extent  in  spirit  of  wine,  but  is  nearly  insoluble  in  absolute 
alcohol.  It  melts  at  a  red  heat,  and  is  volatile  at  a  still  higher  teipperature. 
The  econoinioal  uses  of  common  salt  are  well  known* 
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The  ioiiide  and  bromide  of  sodium  much  resemble  the  corresponding  potas- 
siom-componnds:  they  crystalUse  in  cubes  which  are  anhydrous,  and  rery 
soluble  in  water. 

SoDiTTM  Oxides.  —  Sodium  forms  a  monoxide  and  a  dioxide ;  also  a  hy- 
drate corresponding  to  the  former. 

Sodium  Monoxide^  or  Anhydrout  Soda,  ONa,,  is  produced,  together  with 
the  dioxide,  when  sodium  bums  in  the  air,  and  may  be  obtained  pure  by 


difficulty. 

Sodium  Hydriae,  or  Cawtie  Soda,  ONaH  or  ONa,,  OH^  —  This  substance 
is  prepared  by  decomposing  a  somewhat  dilute  solution  of  sodium  carbonate 
with  calciam  hydrate:  the  description  of  the  process  employed  in  the  case 
of  potassium  hydrate,  and  the  precautions  necessary,  apply  word  for  word 
to  that  of  sodium  hydrate. 

The  solid  hydrate  is  a  white,  fusible  substance,  very  similar  in  properties 
to  potassium  hydrate.  It  is  deliquescent,  but  dries  up  again  after  a  time 
in  consequence  of  the  absorption  of  carbonic  acid.  The  solution  is  highly 
alkaline,  and  a  powerful  soWent  for  animal  matter:  it  is  used  in  large 
quantity  for  making  soap. 

The  strength  of  a  solution  of  caustic  soda  may  be  roughly  determined 
from  a  knowledge  of  its  density,  by  the  aid  of  the  following  table  drawn 
apby  Dalton: 

TABU   OF   PXROBHTAGE   Of   ANHTDBOUS   SODA,    ONa^    IK   SOLUTIONS    Of 

DirrSBENT   DENSITY. 


DMMlty. 

2-00 


1 
1" 


•85 
•72 

les 

1-65 
1-50 
1-47 
144 


Percentage  of 
anhydroua  aoda. 
.    77-8 

63-6 
.    68-8 

46-6 
.    41-2 

86-8 
.    840 

810 


Denatty. 


1 
1 
1 
1 
1 
1 
1 
1 


40 
36 
82 
29 
28 
18 
12 
06 


Percentage  of 

aahydrooa 

.    29-0 

26-0 

.    28  0 

190 

.    160 

18-0 

.      90 

4-7 


Sodtum  Dioxide,  O^a^  — Sodium,  when  heated  to  about  200^  in  a  current 
of  dry  air,  absorbs  oxygen,  and  is  converted  into  dioxide :  this  substance  is 
white,  but  becomes  yellow  when  heated,  which  tint  it  again  loses  on  cool- 
ui|.  It  is  soluble  in  water  without  decomposition :  the  solution  may  be 
er&porated  under  the  receiver  of  the  air-pump,  and,  when  sufficiently  eon- 
ceotrated,  deposits  crystalline  plates  having  the  composition  0,Na|.*80H,. 
These  crystals  left  to  effloresce  over  oil  of  vitriol  for  nine  days  lose  three 
Tourthg  of  their  water,  and  yield  another  hydrate  containing  0|Na,.20H, 
(Harcourt).  The  aqueous  solution  of  sodium  dioxide  when  hef^t^d  on  the 
water-bath,  is  decomposed  into  oxygen  and  the  monoxide. 

SoDiim  Cabbonates.  —  The  Neutral  or  Dieodie  Carbonate,  CO,Na,.10OHy 
vas  once  exclusively  obtained  from  the  ashes  of  sea-weeds,  and  of  plants, 
raehasthe  Saltola  eoda,  which  grow  by  the  sea-side,  or,  being  cultivated 
m  suitable  localities  for  the  purpose,  are  afterwards  subjected  to  inoinera- 
tioQ.  The  barilla,  still  employed  to  a  small  extent  in  soap-making,  is  thus 
prodneed  in  several  places  on  the  coast  of  Spain,  as  Alioante,  Carth^gena, 
&e.    That  made  in  Brittany  is  called  varee. 
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Sodium  carbonate  is  now  manufactured  on  a  stupendous  scale  from  com- 
mon salt  by  a  series  of  processes  which  may  be  divided  into  two  stages:  — 

(1.)  Manufacture  of  sodium  sulphate,  or  salt -cake,  fk'om  sodium  chloride 
(common  salt) ;  this  is  called  the  salt-cake  process. 

(2.)  Manufacture  of  sodium  carbonate,  or  soda-ash;  called  the  soda-ash 
process. 

(I.)  SaU'Cake  proeeu, — This  process  consists  in  the  decomposition  of 
common  salt  by  sulphuric  acid,  and  is  effected  in  a  furnace  called  the  ScU- 
taktfwma/Uy  of  which  fig.  164  represents  a  section.     It  consists  of  a  large 


covered  iron  pan,  placed  in  the  centre,  and  heated  by  a  fire  andemeath : 
and  two  roasters,  or  reverberatory  furnaces,  placed  one  at  each  end,  and  oa 
the  hearths  of  which  the  salt  is  completely  decomposed.  The  charge  of 
half  a  ton  of  salt  is  first  placed  in  the  iron  pan,  and  then  the  requisite 
quantity  of  sulphuric  acid  is  allowed  to  pass  in  upon  it.  Hydrochloric  acid 
is  evoWed,  and  escapes  through  a  flue,  with  the  products  of  combusiioo, 
into  towers  or  scrubbers,  filled  with  coke  and  bricks  moistened  with  a  stream 
of  water;  the  whole  of  the  acid  vapors  are  thus  condensed,  and  the  smoke 
and  heated  air  pass  up  the  chimney.  After  the  mixture  of  salt  and  acid 
has  been  heated  in  the  iron  pan,  it  becomes  converted  into  a  solid  mass  of 
acid  sodium  sulphate  and  undecomposed  sodium  chloride : 

2NaCl    -f    SO4H,    =    Naa    -f     SO^NaH    +    HCL 

It  is  then  raked  on  to  the  hearths  of  the  furnaces  at  each  side  of  the  decom- 
posing pan,  where  the  flame  and  heated  air  of  the  fire  complete  the  decom- 
position into  neutral  sodium  sulphate  and  muriatic  acid : 

NaCl    +    SO^NaH    =    SO^Na,    +    HG. 

(2.)  Soda-ath  proeena. — The  sulphate  is  next  reduced. to  powder,  and 
mixed  with  an  equal  weight  of  chalk  or  limestone,  and  half  as  much  small 
coal,  both  ground  or  crushed.  The  mixture  is  thrown  into  a  reverberator/ 
furnace,  and  heated  to  fusion,  with  constant  stirring,  2  cwts.  are  about  the 
quantity  operated  on  at  once.  When  the  decomposition  is  judged  complete, 
the  melted  matter  is  raked  from  the  Airnace  into  an  iron  trough,  where  it 
is  allowed  to  cool.  This  crude  product,  called  black  ash  or  ball-toda,  is 
broken  up  into  little  pieces,  when  cold,  and  lixiviated  with  cold  6r  tepid 
water.  The  solution  U  evaporated  to  dryness,  and  the  salt  calcined  with  a 
little  sawdust  in  a  suitable  furnace.  The  product  is  the  toda-ask,  or  British 
alkali  of  commerce,  which,  when  of  good  quality,  contains  from  48  to  62 
per  cent,  of  anhydrous  soda,  ONa,,  partly  in  the  state  of  carbonate,  so(i 
partly  as  hydrate,  the  remainder  being  chiefly  sodium  sulphate  and  common 
salt,  with  occasional  traces  of  sulphite  or  hyposulphite,  and  also  cyanide 
of  sodium.  By  dissolving  soda-ash  in  hot  water,  filtering  the  solution,  and 
then  allowing  it  to  cQol  slowly,  the  carbonate  is  deposited  in  large  trans- 
parent crystals. 

The  reaction  which  takes  place  in  the  calcination  of  the  sulphate  witb 
chalk  and  coal-dust  seems  to  (Consist,  first,  in  the  conversion  of  the  sodium 
sulphate  iqtQ  sulphide  b^  tl^e  aid  of  the  combustible  matter,  and,  second!;, 
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in  the  interchnnge  of  elements  between  that  substance  and  tbe  caloium  car- 
bonate: 

SNa,       -f       COjCa       =       SCa       +       COjNa, 
Sodium  Calcium  Calcium  Sodium 

sulphide.  carbonate.  sulphide.         carbonate. 

Other  processes  hare  been  proposed,  and  even  carried  into  ezecntion; 
but  the  above,  which  was  originally  proposed  hj  Leblanc,  is  found  most 
sdvantageoos. 

The  ordinary  crystals  of  sodium  carbonate  contain  ten  molecules  of 
water ;  but  by  particular  management  the  same  salt  may  be  obtained  with 
fifteen,  nine,  seven,  molecules,  or  sometimes  with  only  one.  The  common 
form  of  the  crystals  is  derived  from  an  oblique  rhombic  prism;  they 
effloresce  in  dry  air,  and  crumble  to  a  white  powder.  Heated,  they  fUse  in 
their  water  of  crystallization;  when  the  latter  has  been  expelled,  and  the 
dry  salt  exposed  to  a  full  red  heat,  it  melts  without  undergoing  change.  The 
common  crystals  dissolve  in  two  parts  of  cold,  and  in  less  than  their  own 
weight  of  boiling  water :  the  solution  has  a  strong,  disagreeable,  alkaline 
taste,  and  a  powerfully  alkaline  reaction. 

Hydrogen  and  Sodhtm  CarhotuUey  Hydrotodie  Carbon<U$f  MonoModie  Car^ 
hcnaAtj  Add  Sodium  Carbonate^  CO,NaH,  or  CO,Na,.CO,H^  commonly  called 
Bkorlwuite  of  soda.  —  This  salt  is  prepared  by  passing  carbonic  acid  gas 
into  a  cold  solution  of  the  neutral  carbonate,  or  by  placing  the  crystals  in 
an  atmosphere  of  the  gas,  which  is  rapidly  absorbed,  while  the  crystals 
lose  the  greater  part  of  their  water,  and  pass  into  the  new  compound. 

Monosodic  carbonate,  prepared  by  either  process,  is  a  crystalline  white 
powder,  which  cannot  be  re-dissolved  in  warm  water  without  partial  de- 
composition. It  requires  10  parts  of  water  at  15*5^  for  solution :  the  liquid 
is  feebly  alkaline  to  test-paper,  and  has  a  much  milder  taste  than  that  of 
the  simple  carbonate.  It  does  not  precipitate  a  solution  of  magnesia.  By 
exposure  to  heat,  the  salt  is  converted  into  neutral  carbonate. 

Dihydro-tetrasodie  Carbonate,  (C03),Na4H, .  20H,.  —  This  salt,  commonly 
called  teaquiearbonate  o/Moda,  may  be  regarded  as  a  compound  of  the  neutral 
and  acid  salts  just  described  (C0,Na2-2C0,NaH).  It  occurs  native  on  the 
banks  of  the  soda  lakes  of  Sokenna,  near  Fezzan,  in  Africa,  where  it  is  called 
trona;  also  as  urao,  at  the  bottom  of  a  lake  in  Maracaibo,  South  America. 
It  is  produced  artificially,  though  with  some  difficulty,  by  mixing  the  mo- 
nosodic and  disodic  carbonates  in  the  proportions  above  indicated,  melting 
them  together,  drying  and  exposing  the  dried  mnss  in  a  cellar  for  some 
weeks;  it  then  absorbs  water,  becomes  crystalline,  and  contains  spaces 
filled  with  the  tetrasodic  carbonate. 

Sodium  and  Potaeeium  Carbonate,  COs^aK .  60Hy,  separates  in  monoclinio 
crystals  from  a  solution  containing  the  two  carbonates  in  equivalent  pro- 
portions. 

A  mixture  of  these  two  carbonates  in  equivalent  proportions  melts  at  a 
mneh  lower  heat  than  either  of  the  salts  separately ;  such  a  mixture  is 
Tery  useful  in  the  fusion  of  silicates,  &C' 

Alkalimetry,  —  Analynt  of  Alkaline  Hydrates  and  Carbonates. 

The  amount  of  alkali  or  alkaline  carbonate  in  commercial  potash,  soda, 
or  ammonia,  is  estimated  by  determining  the  quantity  of  an  acid  of  given 
strength  required  to  neutralize  a  given  weight  of  the  sample.  The  estima- 
tion depends  upon  the  facts  that  the  alkaline  salts  of  strong  acids  (sul- 
phuric, oxalic,  &c.)  are  neutral  to  litmus;  and  that  the  violet  solution  of 
litmus  is  colored  blue  by  caustic  alkalies  or  alkaline  carbonates,  wine-red 
bjr  carbonic  acid,  and  light  red  by  strong  acids. 
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The  first  step  is  the  preparation  of  the  standard  acid.  It  is  best  to  make 
this  liquid  of  such  strength  that  1000  cubic  centimetres  (1  litre)  shall 
contain  exactly  one  ^  ffram-molecuU  (i.  e.,  1  molecnle  expressed  in  }  grams) 
of  the  acid. 

About  70  grams  of  concentrated  sulphuric  acid  are  dilated  with  about 
600  grams  of  water ;  when  the  mixture  is  cool,  the  Yolume  of  it  necesaarT 
to  saturate  5*8  grams  (one  ^-decigram-molecule)  of  pure  anhydrous  sodium 
carbonate,  COiNa^  is  determined.*    For  this  purpose  5*3  grams  of  freshlj 
ignited  sodium  carbonate  are  dissolved  in  hot  water,  the  solution  colored 
blue  with  a  few  drops  of  litmus,  and  the  acid  added  from  a  burette  or  al- 
kalimeter  (p.  805),  at  last  drop  by  drop,  till  the  color  just  passes  from 
wine-red  to  light  red,  and  till  strips  of  litmus-paper,  moistened  with  the 
solution  begin  to  retain  the  color  when  dry.     The  volume  of  acid  employed 
is  then  noted,  and  the  whole  diluted  so  as  to  approximate  to  the  requireJ 
strength.     Suppose,  for  instance,  87  cubic  centimetres  of  acid  have  been 
used ;  water  is  then  added  till  every  100  volumes  is  diluted  to  '250  volumes, 
and  another  determination  is  made.     If  90  cubic  centimetres  are  now  re- 
quired to  saturate  the  J-decigram  alkaline  solution,  every  00  volumes  of  the 
acid  must  be  diluted  to  100,  and  the  result  controlled  by  a  fresh  determina- 
tion; 100  cubic  centimetres  of  this  acid  should  exactly  saturate  5*3  grams 
of  sodium  carbonate,  and  will  contain  1  half-decigram-molecule  of  acid; 
2  cubic  centimetres  will  therefore  contain   1  milligram-molecule  (0-098 
gram)f  and   will  saturate  2  milligram-molecules  of  an  alkali  (OKH  or 
ONaU),  or  1  milligram-molecule  of  an  alkaline  carbonate  (CO^K,  or  CO^a,). 

To  estimate  the  proportion  of  alkali  in  a  commercial  sample,  a  weighed 
portion  of  the  substance  is  dissolved  in  water  (if  a  solid),  a  few  drops  of 
litmus  added,  and  the  standard  acid  added  from  a  burette,  until  the  first 
permanent  appearance  of  a  light  red  color ;  and  the  volume  of  acid  em- 
ployed is  read  off.  Each  cubic  centimetre  of  acid  corresponds  to  1  milli- 
gram-molecule of  alkali,  or  1  half  milligram-molecule  of  alkaline  carbonate; 
i.  «.,  to  0  053  gram  sodium  carbonate,  CO,Na,,  0  069  gram  potassium  carbo- 
nate, CO^Kj,  O.O-IO  gram  caustic  soda  ONaH,  0*056  gram  caustic  potash  OCH, 
and  0'017  gram  ammonia  NH,;  and  a  simple  proportion  gives  the  amount 
of  alkali  or  alkaline  carbonate  present  {e.  g.  100  :  6-0  : :  number  of  cubic 
centimetres  employed:  potassium  carbonate  present).  By  operating  on 
100  times  the  ^-milligram-molecule  (e,  g.  60  grams  In  the  case  of  potaraium 
carbonate,  5*8  grams  in  the  case  oi  sodium  carbonate),  all  calculation  is 
saved :  for  as  this  amount,  if  present,  would  require  100  cubic  centimetres 
of  acid  for  its  saturation,  the  number  of  cubic  centimetres  actually  required 
at  once  indicates  the  percentage  of  alkaline  carbonate.  The  burettes 
commonly  used  contain  60  cubic  centimetres,  and  are  graduated  into  half 
cubic  centimeters ;  so  that  by  operating  on  50  times  the  ^milligram-mole- 
cule, the  number  of  divisions  employed  indicates  the  percentage. 

Sometimes,  instead  of  exactly  neutralizing  the  alkali  with  the  standard 
acid,  it  is  better  to  add  the  acid  till  the  litmus  assumes  a  distinct  light-red 
color,  then  heat  the  solution  to  boiling,  and  add  a  small  excess  (5  to  10 
cubic  centimetres)  of  acid.  The  hot  solution  is  freed  from  carbonic  acid  by 
agitation  and  by  drawing  air  through  it  with  a  glass  tube  ;  and  then  neu- 
tralized with  a  standard  solution  of  caustic  soda  (100  cubic  centimetres  of 
which  exactly  saturate  100  cubic  centimetres  of  the  standard  acid)  till  the 
color  just  changes  from  red  to  blue.  Since  the  acid  and  alkaline  solutions 
neutralize  each  other  volume  for  volume,  it  is  only  necessary  to  deduct  the 
number  of  cubic  centimetres  employed  of  the  latter  from  that  of  the  former, 
and  calculate  the  amount  of  alkali  from  the  residue.  This  method,  called 
the  indireet  or  ruidual  method,  is  preferable  to  the  direct  method  previously 

*  The  molecnle  of  aodium  carboiMte  GQaNa*  weigfaa  12  4-  48  4-  46  =r  100. 
t  The  molecular  weight  of  kulphoric  acid  CK)4H,  ia98i=32-)-64-f2. 
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described,  for  the  analysis  of  carbonates,  since  the  change  from  blue  to 
red  is  more  distinctly  marked  than  that  from  one  shade  of  red  to  another. 

The  standard  solution  of  caustic  soda  must  be  kept  in  a  flask,  into  the 
cork  of  which  is  inserted  a  calcium  chloride  tube  filled  with  a  mixture  of 
sodium  sulphate  and  quicklime,  which  effectually  prevents  the  absorption 
of  carbonic  acid.  If  the  burette  be  closed  with  a  similar  tube,  the  soda  so- 
lutioo  may  remain  in  it  for  days. 

The  *' alkalimeter "  or  "burette"  is  a  glass  tube  (fig.  165)    ^.l«. 

thi 


closed  at  one  end,  and  moulded  into  a  spout  or  lip  at  the  other, 
and  marked  with  any  couTenient  scale  of  equal  parts,  generally, 
as  above  mentioned,  into  100  half  cubic  centimetres.*  A  strip  of 
paper  is  pasted  on  the  tube  and  suffered  to  dry,  after  which  the 
instrument  is  graduated  by  counterpoising  it  in  a  nearly  upright 
position  in  the  pan  of  a  balance  of  moderate  delicacy  and  weigh- 
ing into  it,  in  succession,  6,  10,  15,  20,  &c.,  grams  of  distilled 
water  at  4®  C.  (39*2  F.)  until  the  whole  quantity,  amounting  to  50 
frams  (50  cubic  centimetres),  has  been  introduced,  the  level  of  the 
water  m  the  tube  being,  after  each  addition,  carefully  marked 
with  a  pen  upon  the  strip  of  paper,  while  the  tube  is  held  quite 
upright,  and  the  mark  made  between  the  top  and  bottom  of  the 
curve  formed  by  the  surface  of  the  water.  The  smaller  divisions 
of  the  scale,  of  a  half  cubic  centimetre  each,  may  then  be  made 
hy  dividing  with  compasses  each  of  the  spaces  into  10  equal 
parts.  When  the  graduation  is  complete,  and  the  operator  is 
satisfied  with  its  accuracy,  the  marks  may  be  transferred  to  the 
tube  itself  by  a  sharp  file,  and  the  paper  removed  by  a  little 
warm  water.  The  numbers  are  scratched  on  the  glass  with  the 
hard  end  of  the  same  file,  or  with  a  diamond.  Or  the  glass  is 
covered  with  etching  wax,  the  scale  traced  upon  it  with  a  fine 
needle  point,  and  the  marks  etched  by  exposing  the  tube  to  the  vapor  of 
hydrofluoric  acid. 
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*It  nay  alio  be  diTided  into  1000  graiD-meaaurea,  the  grain-mearare  being  the  capacity  of  a 
WD  of  dlstUled  urator  at  60^  F. ;  70,000  aach  meaaorea  go  to  an  imperial  gaUon,  and  8,760  to 
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The  ftlkalimeier,  represented  in  fig.  166,  is  the  simplest  form  of  tliis  in- 
strument. The  pouring  out  of  minute  quantities  is,  however,  grentlj  fncil- 
itated  by  providing  the  measure  with  a  narrow  dropping  tube,  fig.  166, 
the  lower  extremity  of  which  is  soldered  into  the  measure,  while  the  upper 
one  is  bent  outward  and  sharply  cut  off.  This  kind  of  burette,  which  is 
known  as  Gay-Lussac's,  is  chiefly  used  in  France.  The  liquid  maj  be  very 
conveniently  poured  from  it ;  but  it  is  rather  easily  broken,  so  that  its 
manipulation  requires  a  good  deal  of  care.  This  defect  is  great!  j  obviated 
in  the  burette,  lig.  167,  in  which  the  graduated  tube  is  provided  with 
a  spout  at  the  top,  there  being  at  the  same  time  an  orifice  for  pooring  in 
the  liquid. 

A  very  elegant  instrument  has  been  contrived  by  Dr.  Mohr  of  Coblentx. 
It  is  a  graduated  tube,  drawn  out  at  one  end  to  a  point,  to  whieli  is  at- 
tached, by  means  of  a  narrow  vulcanized  caoutchouc  tube,  a  short  glass 
tube,  likewise  drawn  out  to  a  point  (fig.  108).  There  is  a  small  space 
(about  ^  inch)  between  the  two  tubes,  upon  which  is  fixed  a  metallic  clamp, 
a,  represented  in  its  actual  dimensions  in  fig.  169.  This  clamp  shuts  off 
the  connection  between  the  graduated  cylinder  and  the  small  glaas  tube. 
But  by  pressing  with  the  fingers  upon  the  ends,  b  b,  of  this  clamp,  it  opens, 
and  allows  the  liquid  to  flow  out  of  the  lower  tube.  It  is  evident  that  by 
this  arrangement  the  amount  of  liquid  may  be  regulated  with  the  greatest 
nicety. 

It  is  often  desirable,  in  the  analysis  of  carbonates,  to  determine  directly 
the  proportion  of  carbonic  acid :  the  following  methods  leave  nothing  to 
be  desired  in  point  of  precision : 

A  small  light  glass  flask  of  three  or  four  ounces  capacity,  with  lipped 
edge,  is  chosen,  and  a  cork  fitted  to  it.  A  piece  of  tube  about  three  inches 
long  is  drawn  out  at  one  extremity,  and  fitted,  by  means  of  a  small  cork 
and  a  bit  of  bent  tube,  to  the  cork  of  the  flnsk.  This  tube  is  filled  with 
fragments  of  calcium  chloride,  prevented  from  escaping  by  a  little  cotton 
at  either  end:  the  joints  are  secured  by  sealing-wax.  A  short  tube,  closed 
at  one  extremity,  and  small  enough  to  go  into  the  flask,  is  also  provided, 
and  the  apparatus  is  complete.     Fifty  grains  of  the  carbonate  to  be  exam- 
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ined  are  carefully  weighed  out  and  introduced  into  the  flask,  together  with 
a  little  water ;  the  small  tube  is  then  filled  with  oil  of  vitriol,  and  placed 
in  the  flask  in  a  nearly  upright  position,  and  leaning  against  its  side  in 
such  a  manner  that  the  acid  does  not  escape.  The  cork  and  calcium  chlor- 
ide tube  are  then  adjusted,  and  the  whole  apparatus  accurately  counter- 
poised on  the  balance  This  done,  the  flask  is  slightly  inclined,  so  that  the 
oil  of  vitriol  may  slowly  mix  with  the  other  substances  and  decompose  the 
carbonate,  the  gas  from  which  escapes  in  a  dry  state  from  the  extremitj 
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of  the  tube.  When  the  action  hu  entirely  ceased,  the  liqaid  is  heated 
until  it  bolls,  and  the  steam  begins  to  condense  in  the  drying-tube ;  it  is 
then  left  to  cool,  and  weighed,  when  the  loss  indicates  the  quantity  of 
carbon  dioxide.  The  acid  must  be  in  excess  after  the  experiment.  When 
calcium  carbonate  is  thus  analyzed,  hydrochloric  acid  must  be  substituted 
for  the  sulphuric  acid. 

Instead  of  the  aboYe  apparatus,  a  neat  arrangement  may  be  used,  which 
was  first  suggested  by  Will  and  Fresenius.  It  consists  of  two  small  glass 
flasks,  A  and  b,  the  latter  being  somewhat  smaller  than  the  former.  Each 
of  the  flasks  is  prorided  with  a  doubly  perforated  cork.  A  tube,  open  at 
both  ends,  but  closed  at  the  upper  extremity  by  means  of  a  small  quantity 
of  wax,  passes  through  the  cork  of  a  to  the  yery  bottom  of  the  flask, 
whilst  a  second  tube,  reaching  to  the  bottom  of  b,  establishes  a  communi- 
cation between  the  two  flasks.  The  cork  of  b  is  provided,  moreover,  with 
a  short  tube  d.  In  order  to  analyse  a  carbonate,  a  suitable  quantity  (fifty 
grains)  is  put  into  a,  together  with  some  water,  b  is  half  filled  with  con- 
centrated sulphuric  acid,  the  apparatus  tightly  fitted  and  weighed.  A 
small  quantity  of  air  is  now  sucked  out  of  flask  b  by  means  of  the  tube  <f, 
whereby  the  air  in  a  is  likewise  rareHed.  On  allowing  the  air  to  return, 
a  quantity  of  the  sulphuric  acid  ascends  to  the  tube  c,  and  flows  over  into  flask 
A,  causing  a  disengagement  of  carbon  dioxide,  which  escapes  at  d^  after 
having  been  perfectly  dried  by  passing  through  the  bottle  b.  This  opera- 
tion is  repeated  until  the  whole  of  the  carbonate  is  decomposed,  and  the 
process  terminated  by  opening  the  wax  stopper,  and  drawing  a  quantity  of 
air  through  the  apparatus.  The  apparatus  is  now  re-weighed.  The  dif- 
ference of  the  two  weighings  expresses .  the  quantity  of  carbon  dioxide  in 
the  compound  analysed. 

SoDiuii  Sulphatb,  SO^Na^-lOOHg,  commonly  called  Glauber* a  aalt,  is  a 
bT-product  in  several  chemical  operations  and  an  intermediate  product  in 
the  manufacture  of  the  carbonate  as  above  described :  it  may  of  course  be 
prepared  directly,  if  wanted  pure,  by  adding  dilute  sulphuric  acid,  to  sat- 
uration, to  a  solution  of  sodium  carbonate.  It  crystallizes  in  forms  dc- 
riTed  from  an  oblique  rhombic  prism:  the  crystals  contain  10  molecules  of 
water,  are  efllorescent,  and  undergo  watery  fusion  when  heated,  like  those 
of  the  carbonate :  they  are  soluble  in  twice  their  weight  of  cold  water, 
and  rapidly  increase  in  solubility  as  the  temperature  of  the  liquid  rises 
to  33°  C.  (91-5°  P.),  when  a  maximum  is  reached,  100  parts  of  water  dis- 
(olring  11/ -9  parts  of  the  salt,  corresponding  to  62  parts  anhydrous  sodium 
Bulphate.  When  the  salt  is  heated  beyond  this  point,  the  solubility  dimin- 
ishes, and  a  portion  of  sulphate  is  deposited.  A  warm  saturated  solution, 
eraporated  at  a  high  temperature,  deposits  opaque  prismatic  crystals, 
which  are  anhydrous.  The  salt  has  a  slightly  bitter  taste,  and  is  purga- 
tite.    Mineral  springs  sometimes  contain  it,  as  that  at  Cheltenham. 

Sodmn  and  Hydrogen  Sulphate,  or  Acid  Sodium  Sulphate,  2S04NaH.80H,, 
w  S04Na,  SO4HJ.3OHJ,  commonly  called  biaulphate  of  soda,  is  prepared  by 
»<l<ling  to  10  parts  of  the  anhydrous  neutral  sulphate,  7  of  oil  of  vitriol, 
evaporating  the  whole  to  dryness,  and  gently  igniting.  The  acid  sulphate 
11^^17  soluble  in  water,  and  has  an  acid  reaction.  It  is  not  deliquescent, 
"ben  Tery  strongly  heated,  the  fused  salt  gives  up  anhydrous  sulphuric 
«cid,  and  becomes  neutral  sulphate ;  a  change  which  necessarily  supposes 
the  previous  formation  of  an  anhydro-bisulphate,  SO^Na^-SO,. 

SoDiun  Hyposulphite,  SjOjNa,. — There  are  several  modes  of  procur- 
ing this  salt,  which  is  now  used  in  considerable  quantity  for  photographic 
purposes  and  as  antichlore.  One  of  the  best  is  to  form  neutral  nodiummU 
phite,  hj  passing  a  stream  of  well-washed  sulphurous  oxide  gas  into  a 
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strong  solution  of  sodium  carbonate,  and  then  digest  the  solotion  with 
sulphur  at  a  gentle  heat  during  several  days.  By  careful  evaporation  at  a 
moderate  temperature,  the  salt  is  obtained  in  large  and  regular  crystals, 
which  are  very  soluble  in  water. 

Sodium  Nitrate,  NO^Na.  —  This  salt,  sometimes  called  Cubic  UntrA,  or 
Chile  Saltpetre,  occurs  native,  and  in  enormous  quantity,  at  Tarapaca  in 
Northern  Peru,  where  it  forms  a  regular  bed,  of  g^eat  extent,  along  with 
gypsum,  common  salt,  and  remains  of  recent  shells.  The  pure  salt  com> 
monly  crystallizes  in  rhombohedrons,  resembling  those  of  calcareous  spar. 
It  is  deliquescent,  and  very  soluble  in  water.  Sodium  nitrate  is  employed 
for  making  nitric  acid,  but  cannot  be  used  for  gunpowder,  as  the  mixiurv 
burns  too  slowly,  and  becomes  damp  in  the  air.  It  has  been  lately  used 
with  some  success  in  agriculture  as  a  superficial  manure  or  top-dressing; 
also  for  preparing  potassium  nitrate  (p.  294). 

Sodium  Phosphates.  —  The  compoBition  and  chemical  relations  of 
these  salts  have  already  been  explained  in  speaking  of  the  basicity  of 
acids  (p.  285). 

DiModiohydric  Phosphate,  or  Diaadie  Orthophosphate ;  Common  T^ribaw  Phos- 
/)Aa/e,  PO.Na2lI.120II,. — This  salt  is  prepared  by  precipitating  the  acid 
calcium  phosphate  obtained  in  decomposing  bone-ash  by  sulphuric  acid, 
with  a  slight  excess  of  sodium  carbonate,  aud  evaporating  the  clear  liquid. 
It  crystallizes  in  oblique  rhombic  prisms,  which  are  efflorescent.  The 
crystals  dissolve  in  4  parts  of  cold  water,  and  undergo  the  aqueous  fw^ion 
when  heated.  The  salt  is  bitter  and  purgative;  its«olution  is  alkaline  to 
test-paper.  Crystals  containing  7  molecules  of  water,  and  having  a  form 
different  from  that  above  mentioned,  have  been  obtained. 

A  trieodic  orthophoephatey  sometimes  called  subphotphate,  PO^Ka^  I2OH2.  is 
obtained  by  adding  a  solution  of  caustic  soda  to  the  preceding  salt.  The 
crystals  are  slender  six-sided  prisms,  soluble  in  6  parts  of  cold  water.  It 
is  decomposed  by  acids,  even  carbonic,  but  suffers  no  change  by  heat,  ex- 
cept the  loss  of  its  water  of  crystallization.  Its  solution  is  strongly  alka- 
line. A  third  tribasic  phosphate,  often  called  superphosphate  or  biphos- 
phate,  P04NaH2.0H,,  may  be  obtained  by  adding  phosphoric  acid  to  the 
ordinary  phosphate,  until  it  ceases  to  precipitate  barium  chloride,  and 
exposing  the  concentrated  solution  to  cold.  The  crystals  are  prismatic, 
very  soluble,  and  have  an  acid  reaction.  When  strongly  heated,  the  salt 
becomes  changed  into  monobasic  sodium  phosphate,  or  metaphosphate. 

Sodium,  AmTnonium,  and  Hydrogen  Phospfiate;  Photphorow  Salt;  Micro- 
conmie  Salt,  POfNa(NH4)II.40Hg. — Six  parts  of  common  sodium  phosphate 
are  heated  witn  two  of  water,  until  the  whole  is  liquefied,  and  I  part  of 
powdered  sal-ammoniac  is  added ;  common  salt  then  separates,  and  may  be 
removed  by  a  filter,  and  from  the  solution,  duly  concentrated,  the  micro- 
cosmic  salt  is  deposited  in  prismatic  crystals,  which  may  be  purified  bj 
one  or  two  re-crystallizations.  Microcosmic  salt  is  very  soluble.  When 
gently  heated,  it  parts  with  its  4  molecules  of  crystallisation  water,  and,  at 
a  higher  temperature,  the  basic  hydrogen  is  likewise  expelled  as  water, 
together  with  ammonia,  and  a  very  fusible  compound,  sodium  metaphos- 
phate, remains,  which  is  valuable  as  a  flux  in  blow>pipe  experiments. 
Microcosmic  salt  occurs  in  decomposed  urine. 

Tetrojfodic  Phosphate  or  Sodium  Pyrophosphate,  P^O^Na^  lOOH,,  is  prepared 
by  strongly  heating  common  disodic  orthophosphate,  dissolving  the  residue 
in  water,  and  re-crystallizing.  The  crystals  are  very  brilliant,  permanent 
in  the  air,  and  less  soluble  than  the  original  phosphate :  their  solution  is 
alkaline.  A  sodiohydrie  pyrophosphate  has  been  obtained ;  but  it  does  not 
crystallize. 
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Monosodie  Pkotphattj  or  Sodium  Metaphotphate,  PO,Na,  is  obtained  by  heat- 
ing either  the  acid  tribasic  phosphate,  or  microcosmic  salt.  It  is  a  trans- 
parent  glassy  substance,  fusible  at  a  dull  red  heat,  deliquescent,  and  very 
soluble  in  water.  It  refuses  to  crystalliie,  but  dries  up  into  a  gum-like 
mass. 

If  this  glassj  phosphate  be  cooled  Tery  slowly,  it  separates  as  a  beauti- 
fttlly  crystalline  mass.  It  may  be  purified  by  means  of  boiling  water  from 
the  yitreous  metaphosphate,  which  will  not  crystalliie.  Another  metaphos- 
phate  has  been  obtained  by  adding  sodium  sulphate  to  an  excess  of  phos- 
phoric acid,  evaporating  and  heating  to  upwards  of  815®  (600°  F. ).  Possibly 
these  several  metaphosphates  may  be  represented  by  the  formulaa  PO,Na, 
PjOjXay  and  P,0,Na-.     (Graham.) 

The  tribasic  phospnates  or  orthophosphates  give  a  bright-yellow  precipi- 
tate with  solution  of  silver  nitrate ;  the  bibasic  and  monobasic  phosphates 
afford  white  precipitates  with  the  same  substance.  The  salts  of  the  two 
latter  classes,  fused  with  excess  of  sodium  carbonate,  yield  orthophosphorio 
acid. 

Respecting  the  phosphates  intermediate  in  composition  between  the  meta- 
phosphate and  pyrophosphate  of  sodium,  discovered  by  Fleitmann  and 
Henneberg,  see  page  287. 

Sodium  Bobatks.  —  The  neutral  borate  or  meiaborate^  BO^Na,  or  BgO^-ONa,, 
is  formed  by  fusing  common  borax  and  sodium  carbonate  in  equivalent 
proportions,  and  dissolving  the  mass  in  water.  It  forms  large  crystals 
containing  B0,Na.30H,. 

The  Anhydroborate,  Biborate,  or  Borax,  2BO,Na.B,0,.100H,  ==  2Bj,0,.0Nar 
10OH«,  occurs  in  the  waters  of  certain  lakes  in  Thibet  and  Persia:  it  is  im- 
ported in  a  crude  state  from  the  East  Indies  under  the  name  of  tincal. 
When  purified  it  constitutes  the  borax  of  commerce.  Much  borax  is  now, 
however,  manufactured  from  the  native  boric  acid  of  Tuscany,  and  also 
from  a  native  calcium  borate  called  kayenne,  which  occurs  in  southern  Peru. 
Borax  crystallizes  in  six-sided  prisms,  which  effloresce  in  dry  air,  and  require 
20  parts  of  cold,  and  6  of  boiling  water  for  solution.  Exposed  to  heat,  the  10 
molecules  of  water  of  crystallization  are  expelled,  and  at  a  higher  tempera- 
ture the  salt  fuses,  and  assumes  a  glassy  appearance  on  cooling:  in  this 
state  it  is  much  used  for  blowpipe  experiments,  the  metallic  oxides  dissolv- 
ing in  it  to  transparent  beads,  many  of  which  are  distinguished  by  charac- 
teristic colors.  By  particular  management,  crystals  of  borax  can  be  ob- 
tAined  with  5  molecules  of  water :  they  are  very  hard,  and  permanent  in 
the  air.  Although  by  constitution  an  acid  salt,  borax  has  an  alkaline 
reaction  to  test-paper,  it  is  used  in  the  arts  for  soldering  metals,  its 
action  consisting  in  rendering  the  surfaces  to  be  joined  metallic,  by  dis- 
solving the  oxides,  and  it  sometimes  enters  into  the  composition  of  the 
glaze  with  which  stoneware  is  covered. 

Sodium  Sulphide,  SNa,.  —  Prepared  in  the  same  manner  as  potassium 
lu^nosalphide:  it  separates  from  a  concentrated  solution  in  octohedral 
crjatals,  which  are  rapidly  decomposed  by  contact  with  the  air  into  a  mix- 
vare  of  sodium  hydrate  and  hyposulphite.  It  forms  double  sulphur-salts 
with  hydrogen  sulphide,  carbon  bisulphide,  and  other  sulphur-acids. 

Sodium  sulphide  is  supposed  to  enter  into  the  composition  of  the  beauti- 
ful pigment  lUtramarine,  which  is  prepared  from  the  lapiit  lazuli^  and  is  now 
imitated  by  artificial  means.  An  intimate  mixture  of  87  kaolin,  15  sodium 
sulphate,  22  sodium  carbonate,  18  sulphur,  and  8  charcoal,  is  heated  from 
twenty-four  to  thirty  hours  in  large  crucibles.  The  product  thus  obtained 
is  again  heated  in  cast-iron  boxes  at  a  moderate  temperature  till  the  re- 
quired tint  is  obtained.     After  being  finely  pulverized,  washed  and  dried, 
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There  is  no  good  precipilnnt  for  eodium,  kll  ita  etAta  being  ■very  m 
with  the  eiceplioD  of  the  mrlanlimonalt,  which  is  precipitated  on  m^: 
Botution  of  a  eodium  eaU  iritli  u  Botulion  of  polassium  iiietaiitiiiioDati 
nxe  of  this  reagent  ie,  however,  a.ttended  with  some  difficultiea.  Tba 
ence  of  sodium  is  often  determined  by  negaliTe  evidence.  The  j 
color  imparted  b;  Bodium  salts  to  the  outer  fluDe  of  the  blowpip«,  t 
oombUBlible  matter,  is  a  character  of  considerable  importance.  Th« 
Iral  phenomena  exhibited  by  lodium  compounds  are  mentioned  on  pii 
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The  ammonia  lalls  are  moat  conTcniently  studied  in  this  pl>o«,  on  M 
of  their  close  analogy  to  thase  of  potaMium  and  Bodium.  These  ■■) 
farmed  by  the  direct  nnioD  of  ammonia  Nil,  with  acids,  kDd  ma  d 
pointed  out  (p.  163),  Ihey  may  be  regarded  as  compounds  of  acid  rtt. 
CI,  S%  SO,.  &c.,  with  a  basylous  radical  NH,.  called  onnuHinm,  - 
plays  in  these  salts  the  same  part  as  poLaBaium  and  sodium  in  theirtt 
iiTO  compounds  J  tlins: 

MH,  +  HCl  = 

AmmoDla.  Bydrochlorlc 

•eld. 

NH,  +         HNO,  = 

•chL 

NH,  +         H-SO,  = 

SnlphiiiTc 
2NU,  4-  H-SO,  = 


The  radical  NH,  it  not  capable  of  existing  in  Ibc  free  Btate,  inasmi 
it  contains  an  uneven  number  of  monad  atoms;  it  is  simply  the  i> 
which  is  left  on  removing  the  atom  of  chlorine  from  the  saturated  mo 
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heat  and  light.  When  cold,  the  fluid  amalgam  is  put  into  a  capsule,  and 
coTered  with  a  strong  solution  of  sal-ammoniac.  The  production  of  an 
ammoniacal  amalgam  instantly  commences,  the  mercury  increasing  pro- 
digiously in  Yolume,  and  becoming  quite  pasty.  The  increase  of  weight  is, 
however,  quite  trifling :  it  Taries  from  j-^  to  xAtt  P*'*^*  ^^^^  *<*  itself, 
the  amalgam  quickly  decomposes  into  fluid  mercury,  ammonia,  and  hydro- 
gen ;  it  is  quite  possible,  indeed,  that  the  so-called  amalgam  may  be  nothing 
more  than  mercury  which  has  absorbed  a  certain  quantity  of  these  gases, 
just  as  silver,  when  heated  to  a  very  high  temperature,  is  capable  of  taking 
up  about  twenty  times  its  volume  of  oxygen  gas,  which  it  gives  up  again 
on  cooling. 

The  following  experiments  lately  made  by  Weyl*  afford  somewhat  stronger 
eTidence  in  favor  of  the  separate  existence  of  ammonium.  When  lumps  of 
pure  bright  sodium  are  placed  at  one  end  of  a  bent  tube,  a  quantity  of 
silver  chloride  previously  saturated  with  ammonia-gas  at  the  otliar,  the 
tube  then  sealed,  the  end  containing  the  silver-chloride  heated  in  a  bath  of 
calcium  chloride,  and  the  other  end  immersed  in  cold  water,  the  sodium 
swells  up,  and  is  converted  into  a  liquid,  which  is  copper-red  by  perpen- 
dicularly reflected,  greenish-yellow  by  obliquely  reflected  light,  blue  in 
thin  films  by  transmitted  light.  This  liquid  is  aodammonium  N^H^Naj*  that 
is,  ammonium  N,H,  having  two  of  its  hydrogen  atoms  replaced  by  sodium. 
As  the  silver-chloride  cools,  and  the  ammonia-gas  is  reabsorbed,  the  sodam- 
monium  decompoMes  and  pure  sodium  remains  behind,  having  a  dull  surface 
and  spongy  texture.  By  again  heating  the  silver-chloride,  the  compound 
may  be  reproduced  any  number  of  times. 

Potauammonium,  N^UgR^?,  is  prepared  like  aodammonium,  and  exhibits 
similar  properties. 

Other  metallammoniums  may  be  produced  by  the  decomposition  of  so- 
dium- or  potass-ammonium.  Thus  when  a  mixture  of  a  metallic  chloride  or 
oxide  with  an  equivalent  quantity  of  sodium  is  exposed  in  the  manner 
above  described  to  the  action  of  ammonia-gas,  the  gas  is  first  absorbed  by 
the  metallic  chloride  (or  oxide)  and  afterwards  by  the  sodium,  the  sodam- 
moninm  thus  formed  flowing  over  the  metallic  salt,  and  reacting  upon  it 
without  much  rise  of  temperature.  With  a  mixture  of  barium-chloride 
and  sodium  the  reaction  appears  to  be : 

N,H.Na,    +    2NH,    +    Ba'^Cl,    =    N,H,Ba^'    +    2NHaNaCl. 
Sodammooiam.  Barammoninm.  Chloride  of 

Sodammonium. 

Barammomum  forms  a  deep  blue  liquid  having  a  metallic  lustre.  —  Cop- 
per-, Mercury-,  and  Silver-ammonium  are  obtained  in  like  manner  from  the 
respective  chlorides,  and  Ztnc-ammonium  from  the  oxide.  These  compounds 
are  likewise  very  unstable,  being  resolved,  even  in  the  sealed  tube,  into 
metal  ^  which  appears  gray,  dull,  and  destitute  of  coherence)  and  ammonia. 
If  in  the  arrangement  just  described  the  metallic  chloride  be  replaced  by 
an  ammonium-salt,  e,g.,  NH^Cl  or  (NH4),S04,  similar  reactions  take  place, 
and  the  tube  becomes  filled  with  a  blue  liquid  mixed  with  excess  of  am- 
monia. This  blue  liquid,  which  is  also  formed  by  the  action  of  potnssium 
hydrate  on  potassammonium,  appears  to  consist  of  ammonium  itaelf  N.Hg. 
It  is  even  more  unstable  than  the  metallammoniums,  being  resolved  into 
ammonia  and  hydrogen,  partly  even  before  the  reaction  between  the  am- 
monium-salt and  the  sodammonium  is  completed. 

But  whether  ammonium  has  any  separate  existence  or  not,  it  is  quite 
certain  that  many  ammoniacal  salts  are  isomorphous  with  those  of  potaB- 
sium;  and  if  from  any  two  of  the  corresponding  salts,  as  the  nitrates, 

*  Po^.  Aon.  cxxi«  697. 
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KNOg  and  NH^NO.,  we  subtraot  the  radical  NO,  common  to  the  two,  there 
remain  the  metal  R  and  the  group  NH4,  which  are,  therefore,  suppoaed  to 
be  isomorphous. 

Ammonium  Ghlobidi,  Sal- ammoniac,  NH4CI. — Sal-ammoniac  was  fop> 
merly  obtained  from  Egypt,  being  extracted  bj  sublimation  from  the  soot 
of  camels'  dung:  it  is  now  largely  manufactured  from  the  ammoniacal 
liquid  of  the  gas-works,  and  from  the  condensed  products  of  the  dist illation 
of  bones,  and  other  animal  refuse,  in  the  preparation  of  animal  charcoal. 

These  impure  and  highly  offensive  solutions  are  treated  with  a  slight  ex- 
cess of  hydrochloric  acid,  by  which  the  free  alkali  is  neutralized,  and  the 
carbonate  and  sulphide  are  decomposed,  with  evolution  of  carbonic  acid 
and  sulphuretted  hydrogen  gases.  The  liquid  is  evaporated  to  drjnesa, 
and  the  salt  carefully  heated,  to  expel  or  decompose  the  tarry  matter;  it 
is  thvi  purified  by  sublimation  in  large  iron  vessels  lined  with  claj,  sur- 
mounted with  domes  of  lead. 

Sublimed  sal-ammoniac  has  a  fibrous  texture ;  it  ib  tough,  and  difficult 
to  powder. 

When  crystallixed  from  water  it  separates,  under  favorable  circumstaneeSf 
in  distinct  cubes  or  ootohedrons ;  but  the  crystals  are  usually  small,  and  ag- 
gregated together  in  rays.  It  has  a  sharp  saline  taste,  and  is  soluble  in  2} 
partfl  of  cold,  and  in  a  much  smaller  quantity  of  hot  water.  By  heat,  it  is 
sublimed  without  decomposition.  The  crystals  are  anhydrous.  Ammonioa 
chloride  forms  double  salts  with  the  chlorides  of  magnesium,  nickel,  cobalt, 
iron,  manganese,  xino,  and  copper. 

Ammonium  Nit&ati,  NO.(NH^),  is  easily  prepared  by  adding  ammoniara 
carbonate  to  slightly  diluted  nitric  acid  until  neutralisation  has  been  reached. 
By  slow  evaporation  at  a  moderate  temperature  it  crystalliies  in  six-sided 
prisms,  like  those  of  potassium  nitrate ;  but,  as  usually  prepared  for  making 
nitrogen  monoxide,  by  quick  boiling  until  a  portion  solidifies  completely  on 
cooling,  it  forms  a  fibrous  and  indistinct  crystalline  mass. 

Ammonium  nitrate  dissolves  in  two  parts  of  cold  water,  producing  con- 
siderable depression  of  temperature;  it  is  but  feebly  deliquescent,  and 
deflagrates  like  nitre  on  contact  with  heated  combustible  matter.  Its  decom- 
position by  heat  has  been  already  explained  (p.  159). 

Ammonium  Sulphate,  S04(NH4),. — Prepared  by  neutralizing  ammonium 
carbonate  with  sulphuric  acid,  or  on  a  large  scale,  by  adding  sulphuric  acid 
in  excess  to  the  coal-gas  liquor  just  mentioned,  and  purifying  the  product 
by  suitable  means.  It  is  soluble  in  2  parts  of  cold  water,  and  crystallizes 
in  long,  flattened,  six-sided  prisms.  It  is  entirely  decomposed,  and  driven 
off  by  ignition,  and,  even  to  a  certain  extent,  by  long  boiling  with  water, 
ammonia  being  expelled  and  the  liquid  rendered  acid. 

Ammonium  Carbonates.  —  H.  Rose  admits  the  existence  of  a  considerable 
number  of  these  salts,  to  which  he  assigns  very  complicated  formuls ;  but, 
according  to  H.  Sainte  Claire-Deville,*  there  exist  only  two  ammonium 
carbonates  of  definite  composition,  namely : 

{a  )  Ammonium  and  Hydrogen  Carbonate^  or  Mono-ammonie  Carbonate^ 
C0,(NH4)H,  commonly  called  Bicarbonate,  or  Acid  carbonate  of  atKmonia.— 
This  salt  is  obtained  by  saturating  an  aqueous  solution  of  ammonia,  or  of 
the  Resquicarbonate,  with  carbonic  acid  gas ;  or  by  treating  the  finely  pounded 
sesquicarbonate  with  strong  alcohol,  which  dissolves  out  normal  or  diam- 
monic  carbonate,  leaving  a  re^tidue  of  the  m on o-amn ionic  Bait.  Cold  water 
may  be  used  instead  of  alcohol  for  this  purpose ;  but  it  dissolves  a  larger 

*  Ann.  Cbim.  Ph  ja.  [3]  xl.  87. 
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quantity  of  the  mono-ammonic  carbonate.  All  ammonium-carbonates  when 
left  to  themscWes  arc  gradually  converted  into  mono-ammonic  carbonate. 
This  salt  forma  large  crystals  belonging  to  the  trimctric  system.  According 
to  Derillc  it  is  dimorphous,  but  never  isomorphous  with  monopotassic  car> 
bonate ;  when  exposed  to  the  air,  it  volatilizes  slowly,  and  gives  off  a  faint 
Ammoniacal  odor.  It  dissolves  in  8  parts  of  cold  water,  the  solution  decom- 
pi-»?ing  gr&duiilly  at  ordinary  temperatures,  quickly  when  heated  above  80® 
C.  (i^U*^  P. )  with  evolution  of  ammonia.  It  is  insoluble  in  alcohol,  but  when 
exposed  to  the  air,  under  alcohol,  it  dissolves  as  normal  carbonate,  evolving 
e&rbon  dioxide. 

It  has  been  found  native  in  considerable  quantity  in  the  deposits  of  guano, 
on  the  western  coast  of  Patagonia,  in  white  crystalline  maBBei<,  having  a 
Btrong  ammoniacal  odor. 

(6.)  TetrnmmoniO'diht/dric  Car6ono/«,  CjOgN^Ujg  r=  (C03),(NHJ4H,.  — This 
salt,  commonly  called  sesqui-carbonate  of  ammonia,  coni'dlua  ttic  elements  of  I 
molecule  of  dtammonic  and  2  molecules  of  mono-ammonic  carbonate,  into 
which  it  is,  in  fact,  resolved  by  treatment  with  water  or  alcohol : 

(CO,),(NH,),H,    =    CO,(Nn.),    +    2[(C0,(NH,)H]. 

It  'i9  obtained  by  dissolving  the  commercial  carbonate  in  strong  aqueous 
ammonia,  at  about  30®  C.  (86®  F.)  and  crystallizing  the  solution.  It  forms 
Urge  transparent  rectangular  prisms,  having  their  summits  truncated  by 
octohedral  faces.  These  crystals  decompose  very  rapidly  in  the  air.  giving 
off  water  and  ammonia,  and  being  converted  into  mono-ammonic  carbonate. 
The  normal  or  diammonie  carbonate^  CO,(NH4)2,  has  not  been  obtained  in 
the  solid  state.  Commercial  carbonate  of  ammonia  (sal  volatile^  talt  of  hartB- 
Kom)  consists  of  scsqui-carbonate  more  or  less  pure.  It  is  prepared  on  the 
Urge  scale  by  the  dry  distillation  of  bones,  hartshorn,  and  other  animal  mat- 
ter, and  is  purified  from  adhering  empyreumatic  oil  by  subliming  it  once  or 
twice  with  animal  charcoal  in  cast-iron  vessels,  over  which  glass  receivers 
are  inverted.  Another  method  consists  in  heating  to  redness  a  mixture  of 
I  part  ammonium  chloride  or  sulphate,  and  2  parts  calcium  carbonate 
(chalk),  or  potassium  carbonate,  in  a  retort,  to  which  a  receiver  is  luted.''^ 

Ammonium  Sulphides.  —  Several  of  these  compounds  exist,  and  may  be 
formed  by  distilling  with  sal-ammoniac  the  corresponding  sulphides  of 
potassium  or  sodium. 

Ammonium  and  Hydrogen  Sulphide,  or  Ammonium  Sulph-hydrate^  S(NIl4)H, 
13  a  compound  of  great  practicul  utility ;  it  is  obtained  by  saturating  a  solu- 
tion of  ammonia  with  well-waslied  sulphuretted  hydrogen  gas,  until  no 
more  of  the  latter  is  absorbed.  The  solution  is  nearly  colorless  at  firi<t.  but 
becomes  yellow  after  a  time,  without,  however,  suflfcring  material  injury, 
unless  it  has  been  exposed  to  the  air.  It  gives  precipitates  with  most  metal 
lie  solutions,  which  are  very  often  characteristic,  and  is  of  great  service 
in  analytical  chemistry. 

Ammoniacal  salts  are  easily  recognized ;  they  are  all  decomposed  or  vola- 
tilized at  a  high  temperature;  and  when  heated  with  calcium  hydrate  or 
solution  of  alkaline  carbonate,  they  give  off  ammonia,  which  may  be  recog- 

[•  J>iammnnio'hydrie  Ph/mphate. ;  Ommnn  Trihanc  Phfttphatt,VO^^  2(NIIx)II.OH8.— Thl»  wit 
"Pt'-pRrwl  bj  precipitating  the  hcIJ  caktuin  pluMpliato.  with  an  fxr«*:<a  of  the  cikmnitTciul  am- 
moniara  cari>onito  arul  evaporating  at  a  niodtTatc  temperature.  It  crystal liees  in  six-sided 
Ublf<  iJerlverl  ironi  ob!iqnr«  quadrangular  prisms  Tin*  crystils  din^^olve  in  4  part'*  of  watiT  juid 
>Q  alrohol.  Thoy  are  efBorewrent,  have  a  saline,  alkaline  taiite  and  alkaline  resirtinn.  Tlie  arid 
^nl)%.ic  phosphate  PO4.NIL.Hs.4QI  I  is  formed  when  a  solution  of  the  common  is  boiled  as  long 
«9  ■minonia  i^  given  off.  It  crystallises  in  4-Bided  prisms,  which  are  pemiarifnt  soluble  in  Ave 
V*rU  of  water  and  have  an  acid  tttste  and  re-irtion.  When  ammonia  in  excess  is  addtHi  to  either 
oftiinc  8alt8,  the  triammonir  phosphate  P043(NH4)  if  deposited  a«  a  granular  precipitate.— K.  B.j 
27 
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nized  by  its  odor  and  alkaline  reaction.  The  salts  are  all  more  or  less 
soluble;  the  acid  tartrate  and  the  platinochloride  being,  however,  among 
the  least  soluble ;  hence  ammoniuiu  salts  cannot  be  distinguished  from 
potassium  salts  by  the  tests  of  tartaric  acid  and  platinum  solution.  ^Vben 
a  solution  containing  an  animoniacal  salt,  or  free  ammonia,  U  mixed  iriih 
patash,  and  a  solution  of  mercuric  iodide  in  potassium  iodidf.  is  added,  a  brova 
precipitate  or  coloration  is  immediately  produced,  consisting  of  dimercur- 
ammonium  iodide,  NHgg^^I: 

NH,  +  2ng''I,  =  NHg^y  +  8HI. 

This  is  called  Nessler's  test ;  it  is  by  far  the  most  delicate  test  for  ammonia 
that  is  known. 

Amic  Acids  and  Amides, 

SuLPHAMio  ActD. — When  di-y  ammonia  gas  is  passed  over  a  thin  layer 
of  sulphuric  oxide  SO3.  the  gas  is  absorbed,  and  a  white  crystalline  powder 
is  formed,  having  the  composition  N^H^SO,,  that  is,  of  ammonium  sulphate 
minus  one  molecule  of  water : 

NJijSO,  =  SO4  (NH4),  —  OH,. 

It  is  not,  however,  a  salt  of  sulphuric  acid:  for  ita  aqueous  solution  does 
not  give  any  precipitate  with  baryta-water  or  soluble  barium  salts.  It  is, 
in  fact,  the  ammonium  salt  of  sulphamie  acid,  an  acid  derived  from  sulpburie 
acid,  SO4H2  or  S02(H0),.  by  substitution  of  the  univalent  radical  NH^^for 
one  atom  of  hydroxyl,  HO.  The  formula  of  this  acid  i8S0g(NH^H,  and 
that  of  its  ammonium  salt,  SO,(NH2)NH4,  or  SO,N,Hg.  Ammonium  suJ- 
phamate  is  permanent  in  the  air,  and  dissolves  without  decomposition  ia 
water.  Its  solution,  evaporated  in  a  vacuum,  over  oil  of  vitriol,  yields  the 
salt  in  transparent  colorless  crystals.  .* 

The  solution  of  the  ammonium  salt,  mixed  with  baryta-water,  gives  off 
ammonia,  and  yields  a  solution  of  barium  sulphamatCy  {^O^li^fitL^^,  which 
may  be  obtained  by  evaporation  in  well  defined  crystals;  and  the  solution 
of  this  salt,  decomposed  with  potassium  sulphate,  yields  piUoBswm  suU 
phamatty  SO,NHj,K. 

Cabbamio  Acid. — "When  dry  ammonia  gas  is  mixed  with  carbon  dioxide, 
the  mixture  being  kept  cool,  the  gases  combine  in  the  proportion  of  2 
volumes  of  the  former  to  1  volume  of  the  latter,  forming  a  pungent,  verf 
Tolatile  substance,  which  condenses  in  white  flocks.  This  substance  has 
the  composition  CO^N^Hg.  that  is,  of  normal  ammonium  carbonate,  CO, 
fNHf),,  minus  one  molecule  of  water.  It  was  formerly  called  anhtfdrow  ear- 
honate  of  ammonia;  but,  like  the  preceding  salt,  is  not  really  a  carbonate, 
but  the  ammonium  salt  of  earbamf'c  acid,  C02(NH,)H,  dsrived  from  carbooic 
acid.  CO9H2  or  C0(0H)2,  by  substitution  of  amidogen  NH,  for  I  atom  of 
hydroxyl.  Ammonium  carbamate  dissolves  readily  in  water,  and  quickly 
takes  up  one  molecule  of  that  compound,  whereby  it  is  converted  into  am- 
monium  carbonate.  When  treated  with  sulphuric  oxide,  it  is  converted  into 
ammonium  sulphamate. 

Carbamide,  CONJH4.  —  When  ammonia  gas  is  mixed  with  carbon  oxv- 
cblori'ie  or  phosgene  gas,  COCl,,  a  white  crystalline  powder  is  formed, 
having  this  composition : 

COCl,  +  2NH,  =  2HC1  +  CON,H<. 

This  compound,  which  is  likewise  formed  in  other  reactions  to  be  after- 
wards considered,  is  derived  from  carbonic  acid,  CO(OH),,  by  substitation 

•  See  page  287. 
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of  2  atoms  of  amidogen  for  2  atoms  of  hydroxyl.  It  differs  from  carbamio 
aeid  in  being  a  neutral  substance,  not  containing  any  bydrogen  easily  re- 
placeable by  metals. 

Otber  bibasic  acids  likewise  yield  an  amic  acid  and  a  neutral  amide  by 
siibr'titution  of  I  or  2  atoms  of  amidogen  for  bydroxyl.  Tribasic  acids 
yielil  in  UIlc  manner  two  amic  acids  and  one  neutral  amide,  and  tetrabasic 
hcids  may  yield  three  amic  acids  and  a  neutral  amide ;  thus,  from  pyro- 
pho!4phoric  acid.  P^O^H^  =  iy),(H04).  are  obtained  the  three  amic  acids 
r,a,(NHJH,,  P,04(NH,),Hy  and  P,0<(NH,)H. 

Monobasic  acids,  which  contain  but  one  atom  of  hydroxyl,  yield  by  this 
.mode  of  sabstituiion  only  neutral  amides,  no  amic  acids:  thus,  from  acetic 
acid,  CjH^Oj^rCjHjOrHO,  is  obtained  acetamide,  C,H,0(NH,). 

The  neutral  amides  may  also  be  regarded  as  derived  from  one  or  more 
molecules  of  ammonia,  by  substitution  of  univalent  or  multivalent  acid 
radicals,  for  hydrogen;  thus,  acetamide  =r  N^^^H.(CjH,0) ;  carbamide 
N^"H(CO)'',  &c. 

By  similar  substitution  of  metals,  or  basylous  compound  radicals  for  the 
hydrogen  of  ammonia,  basic  compounds,  called  amines^  are  formed.  Thus, 
when  potassium  is  gently  heated  in  ammonia  gas,  monopoteuMaminet  NH,K« 
is  formed.  It  is  an  olive -green  substance,  which  is  decomposed  by  water 
into  ammonia  and  potassium  hydrate : 

NH,K  +  OH,  =  NH,  +  OKH. 

It  melts  at  a  little  below  100^,  and  when  heated  in  a  close  vessel,  is  resolved 
into  ammonia  and  tripotataamine : 

8NH,K  =  2NHj  -f  NK,. 

The  latter  effervesces  violently* with  water,  yielding  ammonia  and  potas- 
sium hydrate :  .• 

NK,  +  SOU,  =  NH,  +  80KH. 

The  formation  and  properties  of  amides  and  amines  will  be  further  con- 
sidered under  Organic  Chemistry. 

Metallammokiums. — We  have  already  spoken  of  the  formation  of  com- 
pounds which  may  be  regarded  as  derived  from  ammonium,  N,H|,  by  sub- 
stitution of  metals  for  hydrogen:  e.  g.  sodammonium,  N,HfNa..  Salts  of 
such  radicals  are  also  formed  in  several  ways.  Ammonia  gas  is  absorbed 
by  various  metallic  salts  in  different  proportions,  forming  compounds,  some 
of  which  may  be  formulated  as  salts  of  metallammoniums.  Thus,  platinum 
dichloride,  PtCI^  absorbs  two  molecules  of  ammonia,  forming  platosammo^ 
mtm  chloride,  N^H^Pt'^Cl,;  and  platinum  tetrachloride,  Pt*'Cl^,  absorbs 
four  molecules  of  ammonia,  forming  plaftnammomuTn  chloride,  N4H.jPt*'.Cl4 
In  like  manner,  cupric  chloride  and  sulphate  form  the  chloride  anu  sulphate 
of  CHprammonium,  N,H,Cu'^Clg  and  NjU^Cu^'.SO^. 

Similar  compounds  are  formed  in  many  cases  by  precipitating  metallic 
salts  with  ammonia  or  ammoniacal  salts:  thus,  ammonia  added  to  a  solution 
of  mercuric  chloride,  HgCL,  forms  a  white  precipitate,  consisting  of  (/zmer- 
cwammonium  chloride,  N-H^Hg^'j.Clj ;  and  by  dropping  a  solution  of  mer- 
curic chloride  into  a  boiling  ^olution  of  sal-ammoniac  mixed  with  free  am- 
monia, crystals  are  obtained,  consisting  of  merntrammonivm  chloride,  N^H^ 
Hg^'.Cl,.  Some  of  these  compounds  will  be  further  considered  in  con- 
nection with  the  several  metals. 
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LITHnilC. 
Atomic  weight,  7.     Symbol,  Li. 

Lithium  is  found  in  petalite,  spodumene,  lepidolite,  triphylliney  and  % 
few  other  minerals,  and  sometimes  occurs  in  minute  quantities  in  mineral 
springs. 

The  metal  is  obtained  bj  fusing  pure  lithium  chloride  in  a  small  thick 
pot  cclain  crucible,  and  decomposing  the  fused  chloride  by  electricity.  It 
in  a  white  metal  like  sodium,  and  very  oxidizable.  Lithium  fuses  at  180° 
C.  (;i>6^  F.);  its  specific  gravity  is  0*59:  it  is,  therefore,  the  lightest  solid 
kuuwn. 

A  lithium  salt  may  be  obtained  from  petalite  on  the  small  scale,  by  the 
following  process:  The  mineral  is  reduced  to  an  exceedingly  fine  powder, 
mixed  with  five  or  six  times  its  weight  of  pure  calcium  carbonate,  and  the 
mixture  heated  to  whiteness,  in  a  platinum  crucible  placed  within  a  well 
covered  earthen  one,  for  twenty  minutes  or  half  an  hour.  The  shrunken 
coherent  mass  is  digested  in  dilute  hydrochloric  acid,  the  whole  evaporated 
to  dryness,  acidulated  water  added,  and  the  silica  separated  by  a  filter. 
The  solution  is  then  mixed  with  ammonium  carbonate  in  excess,  boiled, 
and  filtered;  the  clear  liquid  is  evaporated  to  dryness,  and  gently  heated 
in  a  platinum  crucible,  to  expel  the  sal-ammoniac ;  and  the  residue  is 
wetted  with  oil  of  vitriol,  gently  evaporated  once  more  to  dryness,  and 
ignited:  pure  fused  lithium  sulphate  then  remains. 

This  process  will  serve  to  give  a  good  idea  of  the  general  nature  of  the 
operation  by  which  alkalies  are  extracted  in  mineral  analysis,  and  their 
quantities  determined. 

Lithium  hydrate,  Li  HO,  is  much  less  soluble  in  water  than  the  hydrates 
of  potas!<ium  and  sodium ;  the  carbonate  and  phosphate  are  also  sparingly 
soluble  salts.  The  chloride  crystallises  in  anhydrous  cubes  which  are  deli- 
quescent. Lithium  sulphate  is  a  very  beautiful  salt ;  it  crystallizes  in  length- 
ened prisms  containing  one  molecule  of  water.  It  gives  no  double  salt 
with  aluminium  sulphate. 

The  salts  of  lithium  color  the  outer  flame  of  the  blowpipe  oarmine-red. 
The  spectral  phenomena  exhibited  by  lithium  compounds  are  mentioned 
on  page  89. 


CJESnnC  AHD  RTTBIBIUX. 
C8  =  133.  — Rb  =  86-4. 

The  two  metals  designated  by  these  names  were  discovered  by  Bunsen 
rnd  Kirchhoff  by  means  of  their  spectrum  apparatus  mentioned  on  page 
F.S:  the  former  in  1860  and  the  latter  in  1861.  These  metals,  it  appears, 
nro  widely  difl'used  in  nature,  but  always  occur  in  very  small  quantitiefi; 
thpy  have  been  detected  in  many  mineral  waters,  as  well  as  in  some  min- 
ornls.  namely,  lithia-mica  or  lepidolite,  and  petalite:  lately  also  in  fel- 
ppftr:  they  have  also  been  found  in  the  alkaline  ashes  of  the  beet-root. 
The  brine  of  Diirkheim  has  up  to  the  present  moment  been  the  richest 
ponrce  of  ctesium.  The  best  material  for  the  preparation  of  rubidium,  is 
Ippidolite,  which  has  been  found  to  contain  as  much  as  0-2  per  cent,  of 
that  metal.  Both  metals  are  closely  analogous  to  potassium  in  their  de- 
portment, and  cannot  be  distinguished  from  that  metal  or  from  one  another, 
either  by  reagents  or  before  the  blowpipe. 
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Rabidinm  and  ccesium.  like  potassium,  form  double  salts  with  ieira- 
cliloride  of  platinum,  which  are,  however,  much  more  insoluble  than  the 
corresponding  potassium  salts:  it  is  on  this  property  that  the  separation 
of  these  metals  from  potassium  is  based.  The  mixture  of  platinochlorides 
is  repeatedly  extracted  with  boiling  water,  when  a  difficultly  soluble  re- 
sidue, consisting  chiefly  of  the  platinochlorides  of  caesium  and  rubidium, 
remains. 

The  hydrates  of  these  new  metals  are  powerful  bases,  which  attract  car- 
bonic acid  from  the  air,  passing,  first  into  normal  carbonate  and  then  into 
acid  carbonate.  CoBsium  carbonate  is  soluble  in  absolute  alcohol;  rubi- 
d  um  carbonate  is  nearly  insoluble  in  that  liquid:  this  property  is  made 
use  of  for  the  separation  of  thet^e  two  metals.  The  chloride  crystallizes 
in  cubes,  and  is  somewhat  more  soluble  in  water  than  chloride  of  potas- 
sium. 

Rubidium  chloride,  when  in  a  state  of  fusion,  is  easily  decomposed  by 
the  electric  current ;  the  metal  produced  rises  to  the  surface  and  burns 
with  a  reddish  light.  If  this  experiment  be  performed  in  an  atmosphere 
of  hydrogen,  to  prevent  oxidation,  the  separated  metal  is  nevertheless  lost, 
dissolving  as  it  does  in  the  fused  chloride,  which  is  transformed  into  a 
Rabchloride  having  the  blue  color  of  smalt.  Rubidium,  when  separated 
under  mercury  by  the  electric  current,  forms  a  crystalline  amalgam  of  sil- 
very lustre,  which  is  rapidly  oxidized  by  the  air,  and  decomposes  water  in 
the  cold.  Caesium  chloride,  under  the  influence  of  the  electric  current, 
exhibits  exactly  the  same  deportment  as  rubidium  choride.  Rubidium  is 
electro* positive  towards  potassium,  ciesium  is  electro-positive  towards  ru- 
bidium and  potassium,  and  thus  constitutes  the  most  electro-positive  member 
of  the  elements. 


SILVER. 

Atomic  weight,  108.     Symbol,  Ag  (Argentum). 

Silver  is  found  in  the  metallic  state,  as  sulphide,  in  union  with  sulphide 
of  antimony  and  sulphide  of  arsenic,  also  as  chloride,  iodide,  and  bromide. 
Among  the  principal  silver  mines  may  be  mentioned  tho<e  of  the  Hartz 
mountains  in  Germany,  of  Kongsberg  in  Norway,  and,  more  particularly, 
of  the  Andes,  in  both  North  and  South  America. 

The  greater  part  of  the  silver  of  commerce  is  extracted  from  ores  so  poor 
as  to  render  any  process  of  smelling  or  fusion  inapplicable,  even  where  fuel 
could  be  obtained,  and  this  is  often  difficult  to  be  procured.  Recourse, 
therefore,  is  had  to  another  method  —  that  of  amalgamation — founded  on 
the  easy  solubility  of  silver  and  many  other  metals  in  metallic  mercury. 

The  amalgamation  process  adopted  in  Oermany — which  differs  somewhat 
from  that  in  use  in  America — is  as  follows:  The  ore  is  crushed  to  powder, 
mxcd  with  a  quantity  of  common  salt,  and  roasted  at  a  low  red  heat  in  a 
suiuble  furnace,  by  which  trieatment  any  sulphide  of  silver  it  may  contain 
is  converted  into  chloride.  The  mixture  of  earthy  matter,  oxides  of  iron, 
copper,  soluble  salts,  silver  chloride,  and  metallic  silver,  is  sifted  and  put 
ioto  large  barrels  made  to  revolve  on  axes,  with  a  quantity  of  water  and 
scraps  of  iron,  and  the  whole  is  agitated  together  for  some  time,  during 
>Kh\ch  the  iron  reduces  the  silver  chloride  to  the  state  of  metal.  A  certain 
proportion  of  mercury  is  then  introduced,  and  the  agitation  repeated:  the 
mercury  dissolves  out  the  silver,  together  with  gold,  if  there  be  any,  metnl- 
Uc  copper,  and  other  substances,  forming  a  fluid  amalgam  easily  separable 
from  the  thin  mud  of  earthy  matter  by  subsidence  and  washing.  This 
^inalgftm  is  strained  through  a  strong  linen  cloth,  and  the  solid  portion 

27* 
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exposed  to  heat  in  a  kind  of  retort,  by  ^hioh  the  remaining  mercury  ie 
distilled  off  and  the  silver  left  behind  in  an  impure  state. 

Considerable  loss  often  occurs  in  the  amalgamation  process  from  the  com- 
bination of  a  portion  of  the  mercury  with  sulphur,  oxygen,  &c.,  whereby 
it  is  brought  into  a  pulverulent  condition,  known  as  '* flouring,"  and  is  then 
liable  to  be  washed  away,  together  with  the  silver  it  has  taken  up.  This 
inconvenience  may  be  prevented,  as  suggested  by  Mr.  Crookes,  by  amalga- 
mating the  mercury  with  1  or  2  per  cent,  of  sodium,  which  by  its  saperior 
affinity  for  sulphur  and  oxygen,  prevents  the  mercury  from  becoming 
floured. 

A  considerable  quantity  of  silver  is  obtained  from  argentiferous  gmlena : 
in  fact,  almost  every  specimen  of  native  lead  sulphide  is  found  to  contain 
traces  of  this  metal.  When  the  proportion  rises  to  a  certain  amonnt,  it 
becomes  worth  extracting.  The  ore  is  reduced  in  the  usual  manner,  the 
whole  of  the  silver  remaining  with  the  lead  ;  the  latter  is  then  re-melted  in 
a  large  vessel,  and  allowed  to  cool  slowly  until  solidiflcation  commence 
The  portion  which  first  crystallizes  is  nearly  pure  lead,  the  alloy  with  silrer 
being  more  fusible  than  lead  itself:  by  particular  management  this  is  drained 
away,  aiid  is  found  to  contain  nearly  the  whole  of  the  silver  [Pattinson's 
process].  This  rich  mass  is  next  exposed  to  a  red  heat  on  the  shallow 
hearth  of  a  furnace,  while  a  stream  of  air  is  allowed  to  impinge  upon  its 
surface ;  oxidation  takes  place  with  great  rapidity,  the  fused  oxide  or  lith- 
arge being  constantly  swept  from  the  metal  by  the  blast.  When  the  greater 
part  of  the  lead  has  been  thus  removed,  the  residue  is  transferred  to  a  cvprf 
or  shallow  dish  made  of  bone-ashes,  and  again  heated:  the  last  portion  of 
the  lead  is  now  oxidized,  and  the  oxide  sinks  in  a  melted  state  into  the 
porous  vessel,  while  the  silver,  almost  chemically  pure,  and  exhibiting  a 
brilliant  surface,  remains  behind. 

Pure  silver  may  be  easily  obtained.  The  metal  is  dissolved  in  nitric  acid: 
if  it  contains  copper,  the  solution  will  have  a  blue  tint;  gold  will  remain 
undissolved  as  a  black  powder.  The  solution  is  mixed  with  hydrochloric 
acid  or  with  common  salt,  and  the  white,  insoluble,  curdy  precipitate  of  sil- 
ver chloride  is  washed  and  dried.  This  is  then  mixed  with  about  twice  its 
weight  of  anhydrous  sodium  carbonate,  and  the  mixture,  placed  in  an 
earthen  crucible,  is  gradually  raised  to  a  temperature  approaching  white* 
ncs,  during  which  the  sodium  carbonate  and  the  silver  chloride  react  upon 
each  other ;  carbon  dioxide  and  oxygen  escape,  while  metallic  silver  and 
soda  chloride  result :  the  former  melts  into  a  button  at  the  bottom  of  the 
crucible,  and  is  easily  detached.  The  following  is  perhaps  the  most  simple 
method  for  the  reduction  of  silver  chloride.  The  silver-salt  is  covered  with 
water,  to  which  a  few  drops  of  sulphuric  acid  are  added ;  a  plate  of  sine  is 
then  introduced.  The  silver  chloride  soon  begins  to  decompose,  and  is, 
after  a  short  time,  entirely  converted  into  metallic  silver;  the  silver  thus 
obtained  is  gray  and  spongy;  it  is  ultimately  purified  by  washing  with 
slightly  acidulated  water. 

Pure  silver  has  a  most  perfect  white  color  and  a  high  degree  of  lustre: 
it  is  exceedingly  malleable  and  ductile,  and  is  probably  the  best  conductor 
both  of  heat  and  electricity  known.  Its  specific  gravity  is  10  5.  In  hard- 
ness it  lies  between  gold  and  copper.  It  melts  at  a  bright  red  heat,  about 
1023°C,  (1873°  F.),  according  to  the  observation  of  Mr.  Daniell.  Silver  is 
unalterable  by  air  and  moisture :  it  refuses  to  oxidize  at  any  temperature, 
but  possesses  the  extraordinory  faculty  already  noticed  of  absorbing  many 
times  its  volume  of  oxygen  when  strongly  heated  in  an  atmosphere  of  that 
gas,  or  in  common  air.  The  oxygen  is  again  disengaged  at  the  moment  of 
solidification,  and  gives  rise  to  the  peculiar  arborescent  appearance  often 
voraarked  on  the  surface  of  mns^Hcs  or  buttons  of  pure  silver.  The  addition 
of  *J  per  cent,  of  copper  is  sufficient  to  pre  veil  t  the  absorption  of  oxygen. 
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SilTer  oxidises  when  heated  with  fusible  silioeoas  matter,  as  glass,  which  it 
stains  rellow  or  orange,  from  the  formation  of  a  silicate.  It  ia  little  attacked 
bj  hjdrochloric  acid;  boiling  oil  of  vitriol  converts  it  into  sulphate^  with 
evolution  of  sulphurous  oxide;  nitric  acid,  even  dilute  and  in  the  cold,  dis- 
solves it  readily.  The  tarnishing  of  surfaces  of  silver  exposed  to  the  air  is 
due  to  bjdrogen  sulphide,  the  metal  having  a  strong  attraction  for  sulphur. 

SiLTKR  Chlostdes. — Two  of  these  compounds  are  known  containing  re- 
fipectively  1  and  2  atoms  of  silver  to  1  atom  of  chlorine;  the  second,  how- 
ever, is  a  very  unstable  compound.* 

The  Motutchloridt  or  Argentic  Chloride,  Ag  CI,  is  almost  invariably  pro- 
duced when  a  soluble  silver  salt  and  a  soluble  chloride  are  mixed.  It  falls 
&s  a  white  curdy  precipitate,  quite  insoluble  in  water  and  nitric  acid;  but 
one  part  of  silver  chloride  is  soluble  in  200  parts  of  hydrochloric  acid  when 
concentrated,  and  in  about  000  parts  when  diluted  with  double  its  weight 
of  water.  When  heated  it  melts,  and  on  cooling  becomes  a  grayish  crys- 
talline mass,  which  cuts  like  horn:  it  is  found  native  in  this  condition, 
constituting  the  Mom^lver  of  the  mineralogist.  Silver  chloride  is  decom- 
posed by  light,  both  in  the  dry  and  in  the  wet  state,  very  slowly  if  pure, 
and  quickly  if  organic  matter  be  present :  it  is  reduced  also  when  put  into 
water  with  metallic  sine  or  iron.  It  dissolves  with  great  ease  in  ammonia 
and  in  a  solution  of  potassium  cyanide.  In  practical  analysis  the  propor- 
tion of  chlorine  or  hydrochloric  acid  in  a  compound  is  always  estimated 
bj  precipitation  with  silver  solution.  The  liquid  is  acidulated  with  nitric 
acidf  and  an  excess  of  silver  nitrate  added ;  the  chloride  is  collected  on  a 
filter,  or  better  by  subsidence,  washed,  dried,  and  fused ;  100  parts  corre- 
E^pond  to  24*7  of  chlorine,  or  25-43  of  hydrochloric  acid. 

Argeniout  Chloride,  Ag^Cl,,  is  obtained  by  treating  the  corresponding  oxide 
with  hydrochloric  acid  or  by  precipitating  an  argentous  salt,  the  citrate, 
for  example,  with  common  salt.  It  is  easily  resolved  by  heat  or  by  am- 
monia into  argentic  chloride  and  metallic  silver. 

SiLVEa  Fluobide,  AgF,  is  produced  by  dissolving  argentic  oxide  or  car- 
bonate in  aqueous  hydrofluoric  acid,  and  separates  on  evaporation  in  trans- 
parent quadratic  octohedrons,  which  contain  AgF.OU,,  and  give  off  their 
water  when  fused.  Their  solution  gives,  with  hydrochloric  acid,  a  precip- 
iiaie  of  argentic  chloride.  When  chlorine  gas  is  passed  over  fused  silver 
fluoride,  silver  chloride  is  formed  and  fluorine  is  set  free  (p.  192). 

Silver  Iodide,  Agl,  is  a.  pale-yellow  insoluble  precipitate,  produced  by 
adding  silver  nitrate  to  potassium  iodide ;  it  is  insoluble,  or  nearly  so,  in 
ammonia,  and  in  this  respect  forms  an  exception  to  the  silver-salts  in  gen- 
eral. Deville  Iras  obtained  a  crystalline  silver  iodide  by  the  action  of  con- 
centrated hydriodic  acid  upon  metallic  silver,  which  it  dissolves  with  dis- 
engagement of  hydrogen.  Hydriodic  acid  converts  silver  chloride  into 
iodide.    The  bromide  of  silver  very  closely  resembles  the  chloride. 

Silver  Oxides. — There  are  three  oxides  of  silver,  only  one  of  which 
can,  however,  be  regarded  as  a  well-defined  compound,  namely : 

Xhe  Monoxide  or  Argentic  Oxide,   OAg,.  —  This  oxide  is  a  powerful  base, 

•  The  existence  of  two  silver  chlorides  is  utterly  incompatible  with  the  hypothesis  that  lioth 
J^  *^  clilorine  are  nionail  elements.    The  coiniK>Rition  of  the  argentous  conipoatids  i*  not 

periMpt  very  well  establiBhed;  bat  supposing  the  chloride  to  contain  Cl^Agi,  us  usually  stated, 

u  ClAgi 

lu  cobstltation  may  ho  represented  by  the  formula  I         ,  in  which  the  ohlorine  plays  tha 

CIAga 
PMtofatrisd. 
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yielding  palts  isomorphous  with  those  of  the  alkali-metals.  It  is  obtained 
as  ft  pale-brown  precipitate  on  adding  caustic  potash  to  a  solution  of  silTer 
nitrate : 


2N0,Ag 

+      OKH      = 

=      OAg, 

+      NO,K      +    NO,H 

Silver 

PotaMium 

Silver 

Poljuwiam           Ujdrof^en 

nitrate. 

hyiirute. 

oxide. 

nitrate.               nitrate. 

It  is  very  soluble  in  ammonia,  and  is  dissoWed  also  to  a  small  extent  bj 
pure  water ;  the  solution  is  ulkaline.  Recently  precipitated  silver  chloride, 
boiled  with  a  solution  of  caustic  potash  of  specific  gravity  1*25,  is  cod- 
yerted,  according  to  Gregory,  although  with  difficulty,  into  argentic  oxid<>, 
which  in  this  case  is  black  and  very  dense.  Argentic  oxide  neutmlixes  Acidsii 
completely,  and  forms,  for  the  most  part,  colorless  salts.  It  is  decompo^^ 
by  a  red-heat,  with  evolution  of  oxygen,  spongy  metallic  silver  bein^  lefc ; 
the  sun's  rays  also  effect  its  decomposition  to  a  small  extent. 

Argentotu  Oxidf,  0Ag4.* — When  dry  argentic  citrate  is  heated  to  100**  in 
a  stream  of  hydrogen  gas,  it  loses  oxygen  and  becomes  dark-brown.  The 
product,  dissolved  in  water,  gives  a  dark-colored  solution  containing:  free 
citric  acid  and  argentous  citrate,  which  when  mixed  with  potash  yields  a 
precipitate  of  argentous  oxide.  This  oxide  is  a  black  powder,  rery  c»asilT 
decomposed,  and  soluble  in  ammonia.  The  solution  of  argentous  citrmte  is 
rendered  co1orlei*s  by  heat,  being  resolved  into  argentic  citrate  and  metallic 
silver.  According  to  Wohler,  argentous  oxide  is  also  formed  b}*  boiling  ar- 
gentic arsenite  with  caustic  alkalies.  In  this  case  it  is  mixed  with  metallic 
silver. 

OAg 
Silver  Dioxide,  O^Ag,  or    I      .  —  This  is  a  black  crystalline   substance 

6Ag 
.which  forms  upon  the  positive  electrode  of  a  voltaic  arrangement  employed 
to  decompose  a  solution  of  silver  nitrate.  It  is  Vednced  by  heat,  eTolves 
chlorine  when  acted  upon  by  hydrochloric  acid,  explodes  when  mixed  with 
phosphorus  and  struck,  and  decomposes  solution  of  ammonia,  with  gr^at 
energy  and  rapid  disengagement  of  nitrogen  gas. 

Silver  Nitrate  or  Argentic  Nitrate,  NO,Ag.  —  This  salt  is  prepared 
by  dissolving  silver  in  nitric  acid,  and  evaporating  the  solution  to  dryness, 
or  until  it  is  strong  enough  to  crystallite  on  cooling.     The  crystals  are 
colorless,  transparent,  anhydrous  tables,  soluble  in  an  equal  weight  of  cold, 
and  in  half  that  quantity  of  boiling  water ;  they  also  dissolve  in  alcohol 
They  fuse  when  heated,  like  those  of  nitre,  and  at  a  high  temperature  suffer 
decomposition :  the  lunar  causfic  of  the  surgeon  is  silver  nitrate  which  hns 
been  melted  and  poured  into  a  cylindrical  mould.     The  salt  blackens  when 
exposed  to  light,  more  particularly  if  organic  matters  of  any  kind  are 
present,  and  is  frequently  employed  to  communicate  a  dark  stain  to  the 
hair;  it  enters  into  the  composition  of  the  "indelible"  ink  used  for  mark- 
ing linen.     The  black  stain  has  been  thought  to  be  metallic  silver;  it  may 
possibly  be  argentous  oxide.    Pure  silver  nitrate  may  be  prepared  from  the 
metal  alloyed  with  copper:   the  alloy  is  dissolved  in  nitric  acid,  the  solution 
evaporated  to  dryness,  and  the  mixed  nitrates  cautiously  heated  to  fusion. 
A  small  portion  of  the  melted  mass  is  removed  from  time  to  time  for  exami- 
nation; it  is  dissolved  in  water,  filtered,  and  ammonia  added  to  it  in  excess. 
While  any  copper-salt  remains  undecoraposed,  the  liquid  will  be  blue,  bat 
when  that  no  longer  happens,  the  nitrate  may  be  suffered  to  cool,  dissolved 
in  water,  and  filtered  from  the  insoluble  black  oxide  of  copper. 

*  If  this  formula  be  rorroi:t,oxyg«^n  mont  be  a  tretmd. 
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SiLTKa  SiTLPHATS,  SO.Ag^  —  The  sulphate  may  be  prepared  by  boiling 
together  oil  of  Titriol  and  metallic  silver,  or  by  precipitating  a  concentrated 
solution  of  silver  titrate  with  an  alkaline  sulphate.  It  dissolves  in  88 
parts  of  boiling  water,  and  separates  in  great  measure  in  the  crystalline 
form  on  cooling,  having  but  a  feeble  degree  of  solubility  at  a  low  temper- 
ature. It  forms  with  ammonia  a  crystallizable  compound  which  is  freely 
soluble  in  water,  contains  SO«Ag,.  2NiIy  and  may  therefore  be  regarded  as 
argentanunomium  nUpkatej  S04(NHjAg),. 

Sdver  kyposulphale^  S,0«Ag,.OU,,  is  a  soluble  crystallisable  salt,  perma- 
nent ia  the  air.  The  hyposulphUe  is  insoluble,  white,  and  very  prone  to 
decomposition:  it  combines  with  the  alkaline  hyposulphites,  forming  sol- 
uble compounds  distinguished  by  an  intensely  sweet  taste.  The  alkaline 
hypoAulphites  dissolve  both  oxide  and  chloride  of  silver,  and  give  rise  to 
similar  salts,  an  oxide  or  chloride  of  the  alkaline  metal  being  'at  the  samd 
time  formed:  hence  the  use  of  alkaline  hyposulphites  in  fixing  photographic 
pictures  (p.  97).  Silver  carbonate  is  a  white  insoluble  substance  obtained 
by  mixing  solutions  of  silver  nitrate  and  sodium  carbonate.  It  is  black- 
ened and  decomposed  by  boiling. 

SiLVBR  SuLPHiDS,  SAg,.  —  This  is  a  soft,  gray,  and  somewhat  malleable 
substance,  found  native  in  the  crystallized  state,  and  easily  produced  by 
meUing  together  its  constituents,  or  by  precipitating  a  solution  of  silver 
with  hydrogen  sulphide.  It  is  a  strong  sulphur-base,  and  combines  with 
the  sulphides  of  antimony  and  arsenic :  examples  of  such  compounds  are 
found  in  the  beautiful  minerals,  dark  and  light-red  silver  ore. 

Amxomia-compound  or  Silver  ;  Berthollxt's  Fulminating  Silver. — 
^'^beQ  precipitated,  argentic  oxide  is  digested  in  ammonia,  a  black  substance 
is  produced,  possessing  extremely  dangerous,  explosive  properties.  While 
moist,  it  explodes  when  rubbed  with  a  hard  body,  but  when  dry  the  touch 
of  &  feather  is  sufficient.  The  ammonia  retains  some  of  this  substance  in 
solution,  and  deposits  it  in  small  crystals  by  spontaneous  evaporation.  A 
similar  compound  exists  containing  oxide  of  gold.  It  is  easy  to  understand 
the  reason  why  these  bodies  are  subject  to  such  violent  and  sudden  decom- 
position by  the  slightest  cause,  on  the  supposition  that  they  contain  an 
oxide  of  an  easily  reducible  motal  and  ammonia:  the  attraction  between 
the  two  constituents  of  the  substance  is  very  feeble,  while  that  between 
the  oxygen  of  the  one  and  the '  hydrogen  of  the  other  is  very  powerful. 
The  explosion  is  caused  by  the  sudden  evolution  of  nitrogen  gas  and. 
tqueouB  vapor,  the  metal  being  set  free. 


Soluble  silver  salts  are  perfectly  characterized  by  the  white  curdy  pre- 
cipitate of  silver  chloride,  darkening  by  exposure  to  light,  and  insoluble 
in  hot  nitric  acid,  which  is  produced  by  the  addition  of  any  soluble  chlor- 
^^'  Lead  and  mercury  are  the  only  metals  which  can  be  confounded  with 
Mlyer  in  this  respect ;  but  lead  chloride  is  soluble  to  a  great  extent  in 
boiling  water,  and  is  deposited'in  brilliant  aoicular  crystals  when  the  solu- 
tion cools;  and  mercnrous  chloride  is  instantly  blackened  by  ammonia, 
whereas  silver  chloride  is  dissolved  thereby. 

Solutions  of  silver  are  reduced  to  the  metallic  state  by  iron,  copper^  mer- 
«T/,  and  other  metals.  They  give  with  hydrogen  sulphide  a  black  precipi- 
tftte  of  argentic  sulphide  insoluble  in  ammonium  sulphide ;  with  caustic 
(Ukaliet,  a  brown  precipitate  of  argentic  oxide;  and  with  alkaline  carbonates^ 
ft  white  precipitate  of  argentic  carbonate,  both  precipitates  being  easily 
soluble  in  ammonia.     Ordinary  sodium  phosphate  forms  a  yellow  precipitate 
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of  argentic  orthophosphato ;  pottuaium  chromaU  or  bichromate^  a  red-brown 
precipitate  of  argentic  chromate. 

The  economical  uses  of  silver  are  many :  it  is  admirably  adapted  for 
culinary  and  other  similar  purposes,  not  being  attacked  in  the  slightest 
degree  by  any  of  the  substances  used  for  food.  It  is  necessary,  howeyer, 
in  these  cases,  to  diminish  the  softness  of  the  metal  by  a  small  addition 
of  copper.  The  standard  silver  of  England  contains  222  parts  of  silver 
and  18  parts  of  copper. 


CLASS  n.— DYAD  METALS. 

GROUP  I.— METALS  OF  THE  ALKALINE  EARTHS. 


BARITTM.* 
%  Aiomio  weight,  187.     Symbol,  Ba. 

THIS  metal  ooeurs  abundantly  as  sulphate  and  carbonate,  forming  the 
veautotu  in  many  lead  mines.  Davy  obtained  it  in  the  metallic  state 
by  means  similar  to  those  described  in  the  case  of  lithium.  Bunsen  sub- 
jects barium  chloride  mixed  up  to  a  paste  with  water  and  a  little  hydro- 
chloric acid,  at  a  temperature  of  100®,  to  the  action  of  the  electric  current, 
asing  an  amalgamated  platinum  wire  as  the  negative  pole.  In  this  manner 
the  metal  is  obtained  as  a  solid,  highly  crystalline  amalgam,  which,  when 
heated  in  a  stream  of  hydrogen,  yields  barium  in  the  form  of  a  tumefied 
moss,  tarnished  on  the  surface,  but  often  exhibiting  a  siWer-white  lustre 
ia  the  eavities.  Barium  may  also  be  obtained,  though  impure,  by  passing 
vapor  of  potassium  over  the  red-hot  chloride  or  oxide  of  barium.  It  is 
malleable,  melts  below  a  red  heat,  decomposes  water,  and  gradually  oxi- 
dises in  the  air. 

Bauitv  Chlobidb,  BaCl,.  OH,. — This  valuable  salt  is  prepared  by  dis- 
solving the  native  carbonate  in  hydrochloric  acid,  filtering  the  solution, 
and  evaporating  until  a  pellicle  begins  to  form  at  the  surface:  the  solution 
on  cooling  deposits  crystals.  When  nntive  csirbonate  cannot  be  procured, 
the  native  sulphate  may  be  employed  in  the  following  manner :  —  The  sul- 
phate is  reduced  to  fine  powder,  and  intimately  mixed  with  one  third  of 
its  weight  of  powdered  coal;  the  mixture  is  pressed  into  an  earthen  cru- 
cible to  which  a  cover  is  fitted,  and  exposed  for  an  hour  or  more  to  a  high 
red  heat,  by  which  the  sulphate  is  converted  into  sulphide  at  the  expense 
of  the  combustible  matter  of  the  coal ;  the  black  mass  thus  obtained  is 
powdered  and  boiled  in  water,  by  which  the  sulphide  is  dissolved ;  and  the 
soluiioo,  filtered  hot,  is  mixed  with  a  slight  excess  of  hydrochloric  acid. 
Barium  chloride  and  hydrogen  sulphide  are  then  produced,  the  latter  es- 
c*ping  with  effervescence.  Lastly,  the  solution  is  filtered  to  separate  any 
little  insoluble  matter,  and  evaporated  to  the  crystallizing  point 

The  crystals  of  barium  chloride  are  flat  four-sided  tables,  colorless  and 
transparent.  They  contain  two  molecules  of  water,  easily  driven  oiF  by 
heat,  100  parts  of  water  dissolve  48-6  parts  at  15-5®,  and  78  parts  at 
1045^,  which  is  the  boiling-point  of  the  saturated  solution. 

Baxium  MoNOXinx,  Baryta,  BaO. — The  best  method  of  preparing  this 
compound  is  to  decompose  the  crystallized  nitrate  by  heat  in  a  capacioiis 
porcelain  crucible  until  red  vapors  are  no  longer  disengaged :  the  nitric 

*  Vrom  ^0^^,  heavy,  in  allnalon  to  the  great  spociflc  gravity  of  the  native  carbonate  and 
nllthftte. 
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acid  is  resolved  into  nitrous  acid  and  oxygen,  and  the  baryta  remains  be- 
hind in  the  form  of  a  grayish  spongy  mass,  fusible  at  a  high  degree  of 
heat.  When  moistened  with  water,  it  combines  into  a  hydrate,  with  great 
elevation  of  temperature. 

Barium  Hydrate,  BaH.Pj  =  BaO .  Ufl  — This  componnd  is  prepared  on 
a  large  scale  by  decomposing  a  hot  concentrated  solution  of  barium  chlor- 
ide with  a  solution  of  caustic  soda;  on  cooling*  crystals  of  barium  hydrate 
are  deposited,  which  may  be  purified  by  re-crystallization.  In  the  labora- 
tory the  barium  hydrate  is  often  prepared  by  decomposing  the  sulphide 
with  black  oxide  of  copper.  (See  barium  sulphide.)  The  crystals  of 
barium  hydrate  contain  BaHgO, .  8  aq. ;  *  they  fuse  easily,  and  lose  their 
water  of  crystallization  when  strongly  heated. 

The  hydrate  is  a  white,  soft  powder,  having  a  great  attraction  for  car- 
bonic acid,  and  soluble  in  20  parts  of  cold  and  2  parts  of  boiling  w&ier. 
Solution  of  barium  hydrate  is  a  valuable  reagent:  it  is  highly  alkaline 
to  test-paper,  and  instantly  rendered  turbid  by  the  smallest  trace  of  car- 
bonic  acid. 

Barium  Dioxidr,  BaO,. — This  oxide  may  be  formed,  as  already  men- 
tioned, by  exposing  baryta,  heated  to  full  redness  in  a  porcelain  tube,  to 
a  current  of  pure  oxygen  gas.  The  dioxide  is  gray,  and  forms  with  water 
a  white  hydrate,  which  is  not  decomposed  by  that  liqaid  in  the  cold,  but 
dissolves  in  small  quantity.  Barium  hydrate,  when  heated  to  redness  ia 
a  current  of  dry  atmospheric  air,  loses  its  water,  and  is  converted,  by  ab- 
sorption of  oxygen,  into  barium  dioxide,  from  which  the  second  atom  of 
oxygen  may  be  expelled  at  a  higher  temperature.  Boussingault  has  pro- 
posed to  utilize  these  reactions  for  the  preparation  of  oxygen  upon  a  large 
scale.  The  dioxide  may  also  be  made  by  heating  pure  baryta  to  redness 
in  a  platinum  crucible,  and  then  gradually  adding  an  equal  weight  of  po- 
tassium chlorate,  whereby  barium  dioxide  and  potassium  chloride  are  pro- 
duced. The  latter  may  be  extracted  by  cold  water,  and  the  dioxide  left 
in  the  state  of  hydrate.  It  is  interesting  chiefly  in  its  relation  to  hydrogen 
dioxide.  When  dissolved  in  dilute  acid,  it  is  decomposed  by  potassium 
bichromate,  and  by  the  oxide,  chloride,  sulphate,  and  carbonate  of  silrer. 

Barium  Nitrate,  (N03)3Ba. — The  nitrate  is  prepared  by  methods  ex- 
actly similar  to  those  adopted  for  preparing  the  chloride,  nitric  acid  being 
substituted  for  hydrochloric.  It  crystallizes  in  transparent  colorless  octo- 
hcdrons,  which  are  anhydrous.  They  require  for  solution  8  parts  of  coM, 
and  3  parts  of  boiling  water.  This  salt  is  much  less  soluble  in  dilute 
nitric  acid  than  in  pure  water:  errors  sometimes  arise  from  such  a  preci- 
pitate of  crystalline  barium  nitrnte  being  mistaken  for  sulphate.  It  dis- 
appears on  heating,  or  by  large  affusion  of  water. 

Barium  Sulphate,  S04Ba.  —  Found  nnlive  as  heavy  spar  or  htm/tef,  often 
beautifully  crystallized:  its  specific  gravity  is  as  high  as  4-4  to  4-8.  This 
compound  is  always  produced  when  sulphuric  acid  or  a  soluble  sulphate  is 
mixed  with  a  solution  of  a  barium  salt.  It  is  not  sensibly  soluble  in  water 
or  in  «1ilurc  acids:  even  in  nitric  it  is  almost  insoluble:  hot  oil  of  vitriol 
dissolves  a  little,  but  the  greater  part  separates  again  on  cooling.  Barium 
sulphate  is  now  produced  artificially  on  a  large  scale ;  it  is  used  as  a  sub- 
stitute for  white  lead  in  the  manufacture  of  oil-paints.  The  sulphate  to 
be  used  for  this  purpose  is  precipitated  from  very  dilute  solutions:  it  iB 
known  in  commerce  as  blancfixe.    Powdered  native  barium  sulphate,  being 

*  The  synibol  uq.  (abbreviation  of  <iqua)  la  often  used  to  denote  water  of  tJ'jnitMlUzatioa. 
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rather  erjsialline,  has  not  sufiScicnt  body.  For  the  production  of  sulphate, 
the  chloride  of  barium  is  first  prepared,  which  is  dissolved  in  a  large 
quantity  of  water,  and  then  precipiiaied  by  dilute  sulphuric  acid. 

Barium  Carbonate,  COjBa.  — The  natural  carbonate  is  called  witherite: 
the  artificial  is  formed  by  precipitating  the  chloride  or  nitrate  with  an  al- 
kaline carbonate,  or  carbonate  of  ammonia.  It  is  a  heavy,  white  powder, 
very  sparingly  soluble  in  water,  and  chiefly  useful  in  the  preparation  of 
the  rarer  barium  salts. 

Barium  Sulphides.  —  The  monosulphide^  BaS,  is  obtained  in  the  manner 
already  described;  the  higher  sulphides  may  be  formed  by  boiling  it  with 
sulphnr.  Barium  monosulphide  crystallizes  from  a  hot  solution  in  thin, 
nearly  colorless  plates,  which  contain  water,  and  are  not  very  soluble : 
they  are  rapidly  altered  by  the  air.  A  strong  solution  of  this  sulphide  may 
be  employed  in  the  preparation  of  barium  hydrate,  by  boiling  it  with  small 
successive  portions  of  black  oxide  of  copper,  until  a  drop  of  the  liquid 
ceases  to  form  a  black  precipitate  with  lead  salts;  the  filtered  liquid  on 
cooling  yields  crystals  of  the  hydrate.  In  this  reaction,  besides  hydrate 
of  barium,  the  hyposulphate  of  that  base,  and  sulphide  of  copper,  are  pro- 
duced; the  latter  is  insoluble,  and  is  removed  by  the  filter,  while  most  of 
the  hyposulphate  remains  in  the  mother-liquor. 


Solutions  of  barium  hydrate,  nitrate,  and  chloride,  are  constantly  kept 
in  the  laboratory  as  chemical  tests,  the  first  being  employed  to  effect  the 
separation  of  carbonic  acid  from  certain  gaseous  mixtures,  and  the  two 
latter  to  precipitate  sulphuric  acid  from  solution. 

Soluble  barium  salts  are  poisonous,  which  is  not  the  case  with  those  of 
the  base  next  to  be  described.     For  their  reactions,  see  p.  332. 


8TB0KTITTH. 

Atomic  weight,  87'5.     Symbol,  Sr. 

The  metal  strontium  may  be  obtained  from  its  oxide  by  means  similar  to 
ihoae  described  in  the  case  of  barium :  it  is  usually  described  as  a  white 
metal,  heavy,  oxidizable  in  the  air,  and  capable  of  decomposing  water  at 
common  temperatures.  Matthiessen  states,  however,  that  it  has  a  dark- 
yellow  color,  and  specific  gravity  2-54.  He  prepares  it  by  filling  a  small 
crucible  having  a  porous  cell  with  anhydrous  strontium  chloride  mixed  with 
some  ammonium  chloride,  so  that  the  level  of  the  fused  chloride  in  the  cell 
18  much  higher  than  in  the  crucible.  The  negative  pole  placed  in  the  cell 
consists  of  a  very  fine  iron  wire.  The  positive  pole  is  an  iron  cylinder 
placed  in  the  crucible  round  the  cell.  The  heat  is  regulated  so  that  a  crust 
forma  in  the  cell,  and  the  metal  collects  under  this  crust. 

Strontium  Monoxide;  Strontia;  SrO. — This  compound  is  best  pre- 
pared by  decomposing  the  nitrate  with  aid  of  heat:  it  resembles  in  almost 
every  particular  the  earth  baryta,  forming,  like  that  substance,  a  white 
hydrate,  soluble  in  water.  A  hot  saturated  solution  deposits  crystals  on 
cooling,  which  contain  SrHjOg.  8  aq. :  heated  to  dull  redness  they  lose  the 
whole  of  their  water,  anhydrous  strontia  being  left.  The  hydrate  has  a 
great  attraction  for  carbonic  acid. 

Strontium  Dioxide,  SrOj  — Prepared  in  the  same  manner  as  barium 
dioxide :  it  may  be  substituted  for  the  latter  in  making  hydrogen  dioxide. 
28 
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it  conetitutes  commercial  ultramarine.      The   compoBition  of  this  color 
TarieSy  and  its  true  constitution  is  not  known. 


There  is  no  good  precipitant  for  sodium,  all  its  salts  being  very  soluble, 
with  the  exception  of  the  metantimonaie,  which  is  precipitated  on  mixing  a 
solution  of  a  sodium  salt  with  a  solution  of  potassium  metantimonate;  the 
use  of  this  reagent  is,  however,  attended  with  some  difficulties.  The  pres- 
ence of  sodium  is  often  determined  by  negative  evidence.  The  yellow 
color  imparted  by  sodium  salts  to  the  outer  flame  of  the  blowpipe,  and  to 
combustible  matter,  is  a  character  of  considerable  importance.  The  spec- 
tral phenomena  exhibited  by  sodium  compounds  are  mentioned  on  page  88. 


AMXOKItrX. 

The  ammonia  salts  are  most  conveniently  studied  in  this  place,  on  account 
of  their  close  analogy  to  those  of  potassium  and  sodium.  These  salts  are 
formed  by  the  direct  union  of  ammonia  NH,  with  acids,  and  as  already 
pointed  out  (p.  163),  they  may  be  regarded  as  compounds  of  acid  radicals, 
CI,  NO^,  SO4,  &c.,  with  a  basylous  radical  NH4,  called  ammonium,  which 
plays  in  these  salts  the  same  part  as  potassium  and  sodium  in  their  respec- 
tive compounds ;  thus : 


NH, 
Ammonia. 

+ 

HCl 

Hydrochloric 
acid. 

^■^ 

NH4.C1 

Ammoninm 
chloride. 

NH, 

4- 

HNO, 

Nitric 
acid. 

MM 

NH^NO, 

Ammonium 

nitrate. 

NH, 

-f 

H,SO, 

Snlphnnc 
acid. 

NH^.H.SO^ 
Acid  ammoniom 
sulphate. 

2NH, 

+ 

HjSO^ 

= 

(NH,)rSO, 

Neotml  animoninm 

sulphate. 

The  radical  NH^  is  not  capable  of  existing  in  the  free  state,  inasmuch  as 
it  contains  an  uneven  number  of  monad  atoms:  it  is  simply  the  residue 
which  is  left  on  removing  the  atom  of  chlorine  from  the  saturated  molecule 

NH^ 
N'HXl.     Whether  the  double  molecule  N-H,,  or  I      ,  has  a  separate  exist- 

NH^ 
ence,  is  a  different  question.     Ammonium  appears,  indeed,  to  be  capable 
of  forming  an  amalgam  with  mercury ;  but  even  in  this  state  it  is  quicklj 
resolved  into  ammonia  and  free  hydrogen. 

When  a  globule  of  mercury  is  placed  on  a  piece  of  moistened  potassium 
hydrate,  and  connected  with  the  negative  side  of  a  voltaic  battery  of  very 
moderate  power,  the  circuit  being  completed  through  the  platinum  plate 
upon  which  the  alkali  rests,  decomposition  of  the  latter  takes  place,  and 
an  amalgam  of  potassium  is  rapidly  formed.  If  this  experiment  be  noir 
repeated  with  a  piece  of  sal-ammoniac  instead  of  potassium  hydrate,  ft 
soft,  solid,  metalline  mass  is  also  produced,  which  has  been  called  the 
ammoniacal  amalgam,  and  considered  to  contain  ammonium  in  combination 
with  mercury.  A  simpler  method  of  preparing  this  compound  is  the  follow- 
ing: A  little  mercury  is  put  into  a  test-tube  with  a  grain  or  two  of  potas- 
sium or  sodium,  and  gentle  heat  applied ;  combination  ensues,  attended  by 
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heat  and  light.  When  cold,  the  fioid  amalgam  is  put  into  a  capsule,  and 
covered  with  a  strong  solution  of  sal-ammoniac.  The  production  of  an 
ammooiacal  amalgam  instantly  commences,  the  mercury  increasing  pro- 
digiously in  Tolame,  and  becoming  quite  pasty.  The  increase  of  weight  is, 
however,  quite  trifling :  it  varies  from  j^^  to  y^i^  part.  Left  to  itself, 
the  amalgam  quickly  decomposes  into  fluid  mercury,  ammonia,  and  hydro- 
gen; it  is  quite  possible,  indeed,  that  the  so-called  amalgam  may  be  notliing 
more  than  mercury  which  has  absorbed  a  certain  quantity  of  these  gases, 
ju^t  as  siWer,  when  heated  to  a  very  high  temperature,  is  capable  of  taking 
up  about  twenty  times  its  Yolume  of  oxygen  gas,  which  it  gives  up  again 
OQ  cooling. 

The  following  ezp'^riments  lately  made  by  Weyl*  afford  somewhat  stronger 
evidence  in  favor  of  the  separate  existence  of  nmmonium.  When  lumps  of 
pure  bright  sodium  are  placed  at  one  end  of  a  bent  tube,  a  quantity  of 
silver  chloride  previously  saturated  with  ammonia-gas  at  the  othar,  the 
tube  then  sealed,  the  end  containing  the  silver-chloride  heated  in  a  bath  of 
calcium  chloride,  and  the  other  end  immersed  in  cold  water,  the  sodium 
swells  up,  and  is  converted  into  a  liquid,  which  is  copper-red  by  perpen- 
dicularly reflected,  greenish-yellow  by  obliquely  reflected  light,  blue  in 
thin  films  by  transmitted  light  This  liquid  is  todammorUum  'S^B^'Ssl^^  that 
is,  ammonium  N,Hg  having  two  of  \ia  hydrogen  atoms  replaced  by  sodium. 
As  the  silver-chloride  cools,  and  the  aAimonia-gas  is  reabsorbed,  the  sodam- 
moninm  decomposes  and  pure  sodium  remains  behind,  having  a  dull  surface 
and  spongy  texture.  By  again  heating  the  silver-chloride,  the  compound 
may  be  reproduced  any  number  of  times. 

Pottuaammoniumf  N^H^K,?,  is  prepared  like  sodammonium,  and  exhibits 
similar  properties. 

Other  metallammoniums  may  be  produced  by  the  decomposition  of  so- 
dium- or  potass-ammonium.  Thus  when  a  mixture  of  a  metallic  chloride  or 
oxide  with  an  equivalent  quantity  of  sodium  is  exposed  in  the  manner 
above  described  to  the  action  of  ammonia-gas,  the  gas  is  first  absorbed  by 
the  metallic  chloride  (or  oxide)  and  afterwards  by  the  sodium,  the  sodam- 
moniam  thus  formed  flowing  over  the  metallic  salt,  and  reacting  upon  it 
without  much  rise  of  temperature.  With  a  mixture  of  barium-chloride 
and  sodium  the  reaction  appears  to  be : 

N,H,Na,    +    2NH,    -f-    Ba^^Cl,    =    N,H,Ba^'    -f.     2NH,Naa. 
SodamzDonltun.  Barammoninm.  Chloride  of 

Sodammonium. 

Barammanium  forms  a  deep  blue  liquid  having  a  metallic  lustre.  —  Cop- 
pfT',  Mercury-,  and  SUver-ammonium  are  obtained  in  like  manner  from  the 
respective  chlorides,  and  Zme-itmmomutn  from  the  oxide.  These  compounds 
arc  likewise  very  unstable,  being  resolved,  even  in  the  sealed  tube,  into 
metal  ^which  appears  gray,  dull,  and  destitute  of  coherence)  and  ammonia. 
If  in  the  arrangement  just  described  the  metallic  chloride  be  replaced  by 
an  ammonium -salt,  e.ff.,  NH4CI  or  (NH4),S04,  similar  reactions  take  place, 
Md  the  tube  becomes  filled  with  a  blue  liquid  mixed  with  excess  of  am- 
monia. This  blue  liquid,  which  is  also  formed  by  the  action  of  potnssium 
hydrate  on  potassammonium,  appears  to  consist  of  ammonium  itself.  N-Hg. 
It  18  even  more  unstable  than  the  metallammoniums,  being  resolved  into 
ammonia  and  hydrogen,  partly  even  before  the  reaction  between  the  am- 
monium-salt and  the  sodammonium  is  completed. 

But  whether  ammonium  has  any  separate  existence  or  not,  it  is  qnite 
certain  that  many  ammoniacal  salts  are  isomorphous  with  those  of  pota.s- 
wum;  and  if  from  any  two  of  the  corresponding  salts,  as  the  nitrates, 

*  Pogg.  Ann.  cKxl,  097. 
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ENOs  and  NH^NOm  we  Bubiraot  the  radical  NO,  common  to  Uie  two*  iiiere 
remain  the  metal  K  and  the  group  NH^,  which  are,  therefore,  suppc^ed  to 
be  isomorphouB. 

Ammonium  Chlorids,  Sal- ammoniac,  NH4CI.  —  Sal-ammoniac  was  for- 
merly obtained  from  Ef^pt,  being  extracted  by  sublimation  from  the  soot 
of  camels'  dung :  it  is  now  largely  manufactured  from  the  ammoniaoal 
liquid  of  the  gas-works,  and  from  the  condensed  products  of  the  distillation 
of  bones,  and  other  animal  refuse,  in  the  preparation  of  animal  charcoal. 

These  impure  and  highly  oflfensiye  solutions  are  treated  with  a  slight  ex- 
cess of  hydrochloric  acid,  by  which  the  free  alkali  is  neutralized,  and  the 
carbonate  and  sulphide  are  decomposed,  with  OTolution  of  carbonic  acid 
and  sulphuretted  hydrogen  gases.  The  liquid  is  eyaporated  to  dryness, 
and  the  salt  carefully  heated,  to  expel  or  decompose  the  tarry  matter ;  ic 
is  th%n  purified  by  sublimation  in  large  iron  yessels  lined  with  clay,  sur- 
mounted with  domes  of  lead. 

Sublimed  sal-ammoniac  has  a  fibrous  textare ;  it  is  tough,  and  difficult 
to  powder. 

When  crystallised  from  water  it  separates,  under  favorable  circumstances, 
in  distinct  cubes  or  octohedrons ;  but  the  crystals  are  usually  small,  and  ag- 
gregated together  in  rays.  It  has  a  sharp  saline  taste,  and  is  soluble  in  2] 
parts  of  cold,  and  in  a  much  smaller  quantity  of  hot  water.  By  heal,  it  is 
sublimed  without  decomposition.  The  crystals  are  anhydrous.  Ammoniam 
chloride  forms  double  salts  with  the  chlorides  of  magnesium,  nickel,  cobalt, 
iron,  manganese,  sino,  and  copper. 

Ammonium  Nitbatb,  NO.(NH^),  is  easily  prepared  by  adding  ammonium 
carbonate  to  slightly  diluted  nitric  acid  until  neutralization  has  been  reached. 
By  slow  OTaporation  at  a  moderate  temperature  it  crystallizes  in  six-sided 
prisms,  like  those  of  potassium  nitrate ;  but,  as  usually  prepared  for  making 
nitrogen  monoxide,  by  quick  boiling  until  a  portion  solidifies  completely  on 
cooling,  it  forms  a  fibrous  and  indistinct  crystalline  mass. 

Ammonium  nitrate  dissolyes  in  two  parts  of  cold  water,  producing  con- 
siderable depression  of  temperature;  it  is  but  feebly  deliquescent,  and 
deflagrates  like  nitre  on  contact  with  heated  combustible  matter.  Its  decom- 
position by  heat  has  been  already  explained  (p.  169). 

Ammonium  Sulphate,  S04(NH4),. — Prepared  by  neutralizing  ammonium 
carbonate  with  sulphuric  acid,  or  on  a  large  scale,  by  adding  sulphuric  acid 
in  excess  to  the  coal-gas  liquor  just  mentioned,  and  purifying  the  product 
by  suitable  means.  It  is  soluble  in  2  parts  of  cold  water,  and  crystallizes 
in  long,  flattened,  six-sided  prisms.  It  is  entirely  decomposed,  and  driyea 
off  by  ignition,  and,  even  to  a  certain  extent,  by  long  boiling  with  water, 
ammonia  being  expelled  and  the  liquid  rendered  acid. 

Ammonium  Carbonates. — H.  Rose  admits  the  existence  of  a  considerable 
number  of  these  salts,  to  which  he  assigns  very  complicated  formulae ;  but, 
according  to  H  Sainte  Claire-Deville,*  there  exist  only  two  ammonium 
carbonates  of  definite  composition,  namely : 

(a  )  Ammonium  and  Hydrogen  Carbonate,  or  Mono-ammonie  Carbonate, 
C0,(NH4)H,  commonly  called  Bicarbonate,  or  Acid  carbonate  of  ammonia, — 
This  salt  is  obtained  by  saturating  an  aqueous  solution  of  ammonia,  or  of 
the  sesquicarbonate,  with  carbonic  acid  gas ;  or  by  treating  the  finely  pounded 
sesquicarbonate  with  strong  alcohol,  which  dissolves  out  normal  or  diam- 
monic  carbonate,  leaving  a  reMdue  of  the  mono-ammonic  salt.  Cold  water 
may  be  used  instead  of  alcohol  for  this  purpose ;  but  it  dissolves  a  larger 

*  Ann.  Cbim.  Phys.  [3]  xl.  87, 
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qnantity  of  the  mono-ommonio  carbonate.  All  ammonium-carbonates  when 
l(>ft  to  themselves  arc  gradually  converted  into  mono*aramonic  carbonnte. 
This  salt  forms  large  crystals  belonging  to  the  trimetric  system.  According 
to  Dcville  it  is  dimorphous,  but  never  isomorphous  with  monopotassic  car* 
bonate;  when  exposed  to  the  air,  it  volatilizes  slowly,  and  gives  off  a  faint 
ammouiacal  odor.  It  dissolves  in  8  parts  of  cold  water,  the  solution  decom- 
posing gradu;illy  at  ordinary  temperatures,  quickly  when  heated  above  80^ 
C.  (86**  P. )  with  evolution  of  ammonia.  It  is  insoluble  in  alcohol,  but  when 
exposed  to  the  air,  under  alcohol,  it  dissolves  as  normal  carbonate,  evolving 
carbon  dioxide. 

It  has  been  found  native  in  considerable  quantity  in  the  deposits  of  guano, 
on  the  western  coast  of  Patagonia,  in  white  crystalline  masses,  having  a 
strong  ammoniacal  odor. 

(6.)  TetrammoniO'dihydrie  Carbonale,  Qfi^^l^^— {VO^ySll^^W^^'^hx^ 
salt,  commonly  called  tesqui-carhoncUe  of  ammonia,  coutiiins  the  elements  of  1 
molecule  of  diammonic  and  2  molecules  of  mono-ammonic  carbonate,  into 
which  it  is,  in  fact,  resolved  by  treatment  with  water  or  alcohol : 

(CO,),(NH«),H,    =    CO,(NII,),    +    2[(C0,(NHJH]. 

It  if  obtained  by  dissolving  the  commercial  carbonate  in  strong  aqueous 
ammonia,  at  about  30^  C.  (86®  F.)  and  crystallizing  the  solution.  It  forms 
Urge  transparent  rectangular  prisms,  having  their  summits  truncated  by 
octtihedral  faces.  These  crystals  decompose  very  rapidly  in  the  air.  giving 
off  water  and  ammonia,  and  being  converted  into  mono-ammonic  carbonate. 
The  normal  or  diammonic  carbonate,  C0,(NH^)2,  has  not  been  obtained  in 
the  »olid  state.  Commercial  carbonate  of  ammonia  [sal  volatile^  salt  of  harts- 
horn)  consissts  of  scsqui-carbonate  more  or  less  pure.  It  is  prepared  on  the 
large  scale  by  the  dry  distillation  of  bones,  hartshorn,  and  other  animal  mat- 
ter, and  is  purified  from  adhering  empyrcumatic  oil  by  subliming  it  once  or 
twice  with  animal  charcoal  in  cast-iron  vessels,  over  which  glass  receivers 
are  inverted.  Another  method  consists  in  heating  to  redness  a  mixture  of 
1  part  ammonium  chloride  or  sulphate,  and  2  parts  calcium  carbonate 
ichalk),  or  potassium  carbonate,  in  a  retort,  to  which  a  receiver  is  luted.* 

Ammonium  Sulpbidbs.  —  Several  of  these  compounds  exist,  and  may  bo 
formed  by  distilling  with  sal-ammoniac  the  corresponding  sulphides  of 
potassium  or  sodium. 

Ammonium  and  Hydrogen  Sulphtdcy  or  Ammonium  Sulph-hydratCy  SfNTT^)!!, 
\»  a  compound  of  great  practical  utility;  it  is  obtained  by  saturating  a  sulu- 
UoQ  of  ammonia  with  well-washed  sulphuretted  hydrogen  gas,  until  no 
more  of  the  latter  is  absorbed.  The  solution  is  nearly  colorless  at  first,  but 
becomes  yellow  after  a  time,  without,  however,  suffering  material  injury, 
unUs^  it  has  been  exposed  to  the  air.  It  gives  precipitates  with  most  metal 
He  iiolutions,  which  are  very  often  characteristic,  and  is  of  great  service 
in  analytical  chemistry. 

.\mmoniacal  salts  are  easily  recognized ;  they  are  all  decomposed  or  vola- 
tilized at  a  high  temperature;  and  when  heated  with  calcium  hydrate  or 
solution  of  alkaline  carbonate,  they  give  off  ammonia,  which  may  be  recog- 

[•  Diamm*mir*^ydric  Phonphat^ :  Ommon  Tribatic  Pftntphate,  PO4,  2(NIl4>n.OIT^— This  snit 
U^rptiriHt  by  procipltatiiiK  the  ai-iil  calciuiii  plioHpliate.  with  iin  cxet^^^H  of  the*  CMinnitrciul  hri- 
luntiiam  carlion  ite  and  cvnponitini;  nt  a  iiiotUTate  temperature.  It  rrystHllixoD  in  six-itidetl 
t«bl-*  (Iniretl  fn>m  obllqne  qnadnin^ailNr  prisrns  Th»»  crystalij  dissolve  hi  4  purtM  of  wjit«T  and 
'ft  alcohol.  They  are  efl|nre.<icent,  haTe  a  saline,  alkalino  titsto  and  ulkniine  retirtinn.  Tlic  ncld 
M)«&xic  phwpbate  PO4.NIL.H2.4QI  I  id  formed  when  a  ncdution  of  tht>  common  in  boilo<I  afi  long 
•!<»inin<mia  in  giren  off  It  cryRtalllzes  In  4-Blded  prl«ni«,  which  are  pernmnent  8<duli1o  in  five 
{>&'-!«  of  water  and  hare  an  acid  tniit<>  and  re-u-tion.  Wlien  ammonia  in  excuss  ia  added  to  either 
of  these  nltii,  thetriammonir  phofiphate  P04H(NH4)  is  deponited  as  a  granular  precipitate.— M.  B.1 
27 


S14  MONAD    METALS. 

nized  by  its  odor  and  alkaline  reaction.  The  salts  are  all  more  or  less 
soluble;  the  acid  tartrate  and  the  platinochloride  being.  howeTer,  among 
the  legist  soluble ;  hence  ammonium  salts  cannot  be  distinguished  from 
potassium  salts  by  the  tests  of  tartaric  acid  and  platinum  solution.  'M'hen 
a  solution  containing  an  ammoniacal  salt,  or  free  ammonia,  is  mixed  with 
patash,  and  a  solution  of  mercuric  iodide  in  potantium  iodide  is  added,  a  brnnn 
precipitate  or  coloration  is  immediately  produced,  consisting  of  dimercur- 
ammonium  iodide,  NHgj^^I: 

NH,  +  2Hg^'I,  =  NHg^y  +  3HI. 

This  is  called  Nessler's  test ;  it  is  by  far  the  most  delicate  test  for  am.monia 
that  is  known. 

Amie  Acidt  and  Amide*. 

SuLPHAHic  Acid. — When  dry  ammonia  gas  is  passed  over  a  thin  layer 
of  sulphuric  oxide  SO3.  the  gas  is  absorbed,  and  a  white  crystalline  powder 
IS  formed,  having  the  composition  N^H^SO,,  that  is,  of  ammonium  sulphate 
minus  one  molecule  of  water : 

N,H,SO,  =  SO4  (NH4),  —  OH,. 

It  is  not,  however,  a  salt  of  sulphuric  acid:  for  its  aqueous  solution  does 
not  give  any  precipitate  with  baryta-water  or  soluble  barium  salts.  It  is, 
in  fact,  the  ammonium  salt  of  tulpKamic  acid,  an  acid  derived  from  sulphuric 
acid,  SO4H,  or  80,(110),,  by  substitution  of  the  univalent  radical  NH,*  for 
one  atom  of  hydroxyl,  HO.  The  formula  of  this  acid  is  SO|(NH,)H,  and 
that  of  its  ammonium  salt,  S0,(NH,)NH4,  or  SO,N,Hf.  Ammonium  sul- 
phamate  is  permanent  in  the  air,  and  dissolves  without  decomposition  ia 
water.  Its  solution,  evaporated  in  a  vacutun,  over  oil  of  vitriol,  yields  the 
salt  in  transparent  colorless  crystals.  / 

The  solution  of  the  ammonium  salt,  mixed  with  baryta-water,  gives  off 
ammonia,  and  yields  a  solution  of  barium  sulphamaUj  (S03NH,),Ba^^,  which 
may  be  obtained  by  evaporation  in  well  defined  crystals ;  ana  the  solution 
of  this  salt,  decomposed  with  potassium  sulphate,  yields  patattmm  tul^ 
phamate,  SOgNH,K. 

Carbamic  Acid.  — When  dry  ammonia  gas  is  mixed  with  carbon  dioxide, 
the  mixture  being  kept  cool,  the  gases  combine  in  the  proportion  of  2 
volumes  of  the  former  to  I  volume  of  the  latter,  forming  a  pungent,  very 
volatile  substance,  which  condenses  in  white  flocks.  This  substance  has 
the  composition  CO,N,H(.  that  is,  of  normal  ammonium  carbonate,  CO, 
^NH4)2,  "^*^^*  one  molecule  of  water.  It  was  formerly  called  anhydrous  car- 
bonate of  ammonia;  but,  like  the  preceding  salt,  is  not  really  a  carbonate, 
but  the  ammonium  salt  of  carbamic  acid,  CO,(NH,)H,  derived  from  carbonic 
acid.  CO,H,  or  CO(OH),,  by  substitution  of  amidogen  NH,  for  1  atom  of 
hydroxyl.  Ammonium  carbamate  dissolves  readily  in  water,  and  quickly 
takes  up  one  molecule  of  that  compound,  whereby  it  is  converted  into  am- 
monium carbonate.  When  treated  with  sulphuric  oxide,  it  is  converted  into 
ammonium  sulphamate. 

Carbamide,  CONjH^.  —  When  ammonia  gas  is  mixed  with  carbon  oxj- 
chloride  or  phosgene  gas,  COCl,,  a  white  crystalline  powder  is  formed, 
having  this  composition : 

COCl,  +  2NH,  =  2HCI  +  C0N,H4. 

This  compound,  which  is  likewise  formed  in  other  reactions  to  be  after- 
wards considered,  is  derived  from  carbonic  acid,  CO(OH),,  by  substitution 

*  See  page  237. 
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of  2  atoms  of  amidogen  for  2  atoms  of  hydroxyl.  It  differs  from  carbamio 
acid  in  being  a  neutral  substance,  not  containing  any  hydrogen  easily  re- 
placeable by  uietals. 

Other  bibasic  acids  likewise  yield  an  amic  acid  and  a  neutral  amide  by 
siib:(titufion  of  1  or  2  atoms  of  amidogen  for  hydroxyl.  Tribasic  acids 
yield  in  like  manner  two  amic  acids  and  one  neutral  amide,  and  tetrabasic 
acids  may  yield  three  amic  acids  and  a  neutral  amide ;  thus,  from  pyro- 
pbo^phoric  acid«  P/),H.  =  I'^Osl^^^)*  ^'^  obtained  the  three  amic  acids 
I'AlNHJH,,  P,04(NH,),Hy  and  P,04(NH,)H. 

Monobasic  acids,  which  contain  but  one  atom  of  hydroxyl,  yield  by  this 
miide  of  substitution  only  neutral  amides,  no  amic  acids:  thus,  from  acetic 
acid,  CjH^Oj^CjHjO^HO,  is  obtained  aoetamide,  C,II,0(NH,). 

The  neutral  amides  may  also  be  regarded  as  derived  from  one  or  more 
molecules  of  ammonia,  by  substitution  of  univalent  or  multivalent  acid 
raiiiciils,   for  hydrogen;    thus,   acetamide  =-  N^^^H.(C.H,0) ;    carbamide 

N'"u  (co)'^  &c. 

By  similar  substitution  of  metals,  or  basylous  compound  radicals  for  the 
hydrogen  of  ammonia,  basic  compounds,  called  amines^  are  formed.  Thus, 
wiien  potassium  is  gently  heated  in  ammonia  gas,  monopotastamine,  NH^K, 
is  formed.  It  is  an  olive -green  substance,  which  is  decomposed  by  water 
iitto  ammonia  and  potassium  hydrate : 

NH,K  +  OH,  =  NH,  4-  OKH. 

It  melt4  at  a  little  below  100®,  and  when  heated  in  a  close  vessel,  is  resolved 
into  ammonia  and  tripotattamine : 

8NH,K  =  2NH,  -f  NK,. 

The  latter  effervesces  violentljf  with  water,  yielding  ammonia  and  potaa- 
slam  hydrate :  .• 

NK,  +  SOUj  =  NH,  +  80KH. 

The  formation  and  properties  of  amides  and  amines  will  be  further  con- 
sidered under  Organic  Chemistry. 

Metallammoniums  — We  have  already  spoken  of  the  formation  of  com- 
pounds which  may  be  regarded  as  derived  from  ammonium,  N,Hg,  by  sub- 
stitation  of  metaU  for  hydrogen :  e»  g.  sodammonium,  N^H^ Na..  Salts  of 
such  radicals  are  also  formed  in  several  ways.  Ammonia  gas  is  absorbed 
by  various  metallic  salts  in  different  proportions,  forming  compounds,  some 
of  which  may  be  formulated  as  salts  of  metallammoniums.  Thus,  platinum 
dichloride,  PtCl^  absorbs  two  molecules  of  ammonia,  forming  platosammo- 
mum  chloride,  NjH,Pt^^.Cl,;  and  platinum  tetrachloride,  Pt'^CL,  absorbs 
four  molecules  of  ammonia,  forming  plafmammonium  chloride^  N4HjjPt''.Cl4 
In  like  manner,  cupric  chloride  and  sulphate  form  the  chloride  ana  sulphate 
of  cuprammonium,  N,H,Cu^'.Clj  and  NjH^Cu^'.SO^. 

Similar  compounds  are  formed  in  many  cases  by  precipitating  metallic 
salts  with  ammonia  or  ammoniacal  salts:  thus,  ammonia  added  to  a  solution 
of  mercuric  chloride,  HgCL,  forms  a  white  precipitate,  consisting  of  (/im«r- 
curammonium  chloride,  'NAifig^^^.C\^]  and  by  dropping  a  solution  of  mer- 
curic chloride  into  a  boiling  »'olution  of  sal-ammoninc  mixed  with  free  am- 
monia, crystals  are  obtained,  consisting  of  merntrammonivm  chloride,  N^H. 
Hg'^CI,  Some  of  these  compounds  will  be  further  considered  in  con> 
nection  with  the  several  metals. 
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When  the  sulphur  is  in  excess,  and  the  boiling  long  continued,  a  pents- 
sulphide  is  generated :  hyposulphurous  acid  is  formed  as  usual  during 
these  reactions. 

Calcium  Phosphidk. — When  Taper  of  phosphorus  is  passed  over  frag- 
ments of  lime  heated  to  redness  in  a  porcelain  crucible,  a  chocolate-brown 
compound,  the  so-called  photphurtt  of  time,  is  produced.  This  subatance  is 
probably  a  mixture  of  calcium  phosphide  and  phosphate.  When  thrown 
into  water  it  yieldR  spontaneously  inflammable  hydrogen  phosphide.  Ac- 
cording to  Paul  Th^nard,  the  calcium  phosphide  in  this  compound  has  the 
composition  P^Ca,.  In  contact  with  water  it  yields  liquid  hydrogen  phos- 
phide, P,ll4  (p.  216) : 

PjCa,  -f  20H,  =  2CaO  -f-  P^H^: 

and  the  greater  portion  of  this  liquid  phosphide  is  immediately  decomposed 
into  solid  and  gaseous  hydrogen  phosphide: 

6P,H4    =    P^H,    -}-     6PH, 
Liquid.  Solid.  Qsmoiu. 


Reactions  of  the  Alkaline  Earth-metaU  in  solution. — Barium,  strontium,  and 
calcium  are  thus  distinguished  from  all  other  substances,  and  from  each 
other. 

Caustic  potash,  when  free  from  carbonate,  and  caustic  €unmonia,  occasion 
no  precipitates  in  dilute  solutions  of  the  alkaline  earths,  especially  of  the 
first  two,  the  hydrates  being  soluble  in  water. 

Alkaline  carbonates,  and  carbonate  of  ammonia,  give  white  precipitates,  in- 
soluble in  excess  of  the  precipitant,  with  all  three. 

Sulphuric  acid,  or  a  sulphate,  added  to  very  dilute  solutions  of  the  salts 
of  these  metals,  gives  an  immediate  white  precipitate  with  barium  salts; 
a  similar  precipitate  after  a  short  interval  with  strontium  salts;  and  occa- 
sions no  change  with  calcium  salts.  The  precipitates  with  barium  and 
strontium  salts  are  insoluble  in  nitric  acid. 

Solution  of  calcium  sulphate  gives  an  instantaneous  cloud  with  barium 
salts,  and  one  with  strontium  salts  after  a  little  time.  Strontium  sulphate  is 
itself  sufficiently  soluble  to  occasion  turbidity  when  mixed  with  barium 
chloride. 

Lastly,  the  soluble  oxalates  give  a  white  precipitate  in  the  most  dilute 
solutions  of  calcium  salts,  which  is  not  dissolved  by  a  drop  or  two  of  hv- 
drochloric,  or  by  an  excess  of  acetic  acid.  This  is  an  exceedingly  charac- 
teristic test. 

The  chlorides  of  strontium  and  calcium  dissolved  in  alcohol  color  the  flame 
of  the  latter  red  or  purple:  barium  salts  communicate  to  the  flame  a  pale 
green  tint. 

Silicoftuoric  acid  gives  a  white  precipitate  with  barium  salts,  none  with 
salts  of  strontium  or  calcium. 


GROUP  II.  — METALS  OF  THE  EARTHS. 

The  dyad  earth-metals  are  beryllium,  thorinum,  yttrium,  erbium,  lan- 
thanum, and  didymium.  With  these  it  will  be  convenient  to  describe  the 
tetradic  metals,  aluminium,  zirconum,  and  cerium ;  the  first  two  because 
their  oxides  are  of  decidedly  earthy  character :  in  fact,  alumina  may  be 
looked  upon  as  the  type  of  an  earthy  oxide;  and  the  third  on  account  of 
its  constant  association  with  lanthanum  and  didymium. 


ALUMINIUM.  333 


ALUMiHiUM. 

Atomic  weight,  27*4.     Symbol,  AL 

This  metal  occurs  very  abundantly  in  nature  in  the  state  of  silicate,  as 
in  felspar  and  its  associated  minerals ;  also  in  the  yarious  modifications  of 
clay  thence  deriyed  It  was  first  isolated  by  Wohler,  who  obtained  it  as  a 
gray  powder  by  decomposing  aluminium  chloride  with  potassium;  and  H. 
Sainte-Claire  Deville,  by  an  improved  process  founded  on  the  same  prin- 
ciple, hns  succeeded  in  obtaining  it  in  the  compact  form  and  on  the  manu- 
facturing scale.  The  process  consists  in  decomposing  the  double  chloride 
of  aluminium  and  sodium,  Al^Cl^.  2NaCl,  by  heating  it  with  metallic  sodium, 
fluor-spar  or  cryolite  being  added  as  a  flux.  The  reduction  is  efifected 
in  crucibles,  or  on  the  large  scales  on  the  hearth  of  a  reverberatory  furnace. 
Sodium  is  used  as  the  reducing  agent  in  preference  to  potassium :  first, 
because  it  is  more  easily  prepared ;  and,  secondly,  because  it  has  a  lower 
atomic  weight,  and,  conseqaently,  a  smaller  quantity  of  it  suffices  to  do  the 
same  amount  of  chemical  work. 

Aluminium  is  also  prepared  directly  from  cryolite  by  reduction  with 
M>dittm,  but  the  metal  thus  obtained  is  said  to  be  more  contaminated  with 
iron  and  silicium  than  that  prepared  by  Deyillc's  process. 

Aluminium  is  remarkable  for  its  low  specific  gravity,  which  is  2*6 :  it  is 
nearly  as  white  as  silver,  and  is  capable  of  a.esuming  a  high  polish.  It  is 
employed  in  the  manufacture  of  delicate  apparatus  and  ornamental  articles. 
Some  of  the  alloys  of  aluminium  promise  to  become  more  generally  appli- 
cable, more  especially  the  alloy  with  copper,  which  is  remarkable  for  being 
similar  in  appearance  to  gold :  this  alloy  is  found  already  in  commerce 
under  the  name  of  aluminium  bronze. 

Aluminium  forms  only  one  class  of  compounds,  in  all  of  which  it  appears 
to  be  trivalent,  one  atom  of  the  metal  being  equivalent  to  three  adorns  of 
aydrogen ;  thus  the  chloride  is  Al'^'^Clj.  the  oxide  Al^'-'j^,,  &c.  Each  of 
1. 1 ?<e  compounds,  however,  contains  two  atoms  of  aluminium,  and  it  may 
therefore  be  supposed  that  tho  aluminium  is  really  tetradic,  one  unit  of 
oquivalency  in  ench  atom  being  neutralized  by  one  unit  in  the  other ;  thus, 

AlCl, 
the  chloride  is    |        .     That  such  is  the  case  is  inferred  from  the  rcscm- 

AICI3 
blance  of  the  aluminium  compounds  to  the  ferric  and  chromic  compounds 
(p.  272). 

ALf?xiiriTTM  Chlostde,  AljClj.  — This  compound  is  obtained  in  solution  by 
dissolving  alumina  or  aluminium  hydrate  in  hydrochloric  acid  ;  but  the  so- 
lution, when  evaporated,  gives  off  hydrochloric  acid  and  leaves  alumina. 
The  anhydrous  chloride  may  be  prepared  by  heating  a  mixture  of  alumina 
and  finely  divided  carbon  in  chlorine  gas. 

Pure  precipitated  alumina  is*  dried  and  mixed  with  oil  and  lampblack,  and 
the  mixture,  after  being  strongly  calcined  in  a  covered  crucible,  is  intro- 
doced  into  a  porcelain  tube  or  tubulated  earthen  retort  placed  in  a  furnace, 
and  connected  at  one  end  with  an  apparatus  for  evolving  chlorine,  and  nt 
the  other  with  a  dry  receiver.  On  raising  the  heat  to  bright  redness,  and 
passing  chlorine  through  the  apparatus,  aluminium  chloride  distils  over, 
together  with  carbon  monoxide,  and  condenses  as  a  solid  ma»s  in  tho  re- 
ceiver. 

A1,0,     +     Cs    4-    CI,    =    Allele    -f     3C0. 

AUifflininm  chloride  is  a  transparent  waxy  substance,  having  a  crystal- 
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line  structure,  colorless  when  pure,  but  generally  exhibiUng  a  yellow  color, 
due  perhaps  to  the  presence  of  iron.  It  boils  at  about  180°,  fumea  in  the 
air,  and  smells  of  hydrochloric  acid.  It  is  very  deliquestcent,  and  dissolres 
readily  in  water ;  the  solution  when  left  to  evaporate  yields  the  lijdrated 
chloride,  AIj|Clf.l20H^  in  six-sided  prisms,  which  when  heated  are  resolved 
into  alumina  and  hydrochloric  acid. 

Aluminium  and  Sodium  Chloride^  Al,Clf  2NaCl,  is  obtained  by  naeltiiig  to- 
gether the  component  chlorides  in  proper  proportions,  or  by  adding  the 
requisite  quantity  of  sodium  chloride  to  the  mixture  of  alumina  and  char- 
coal used  for  the  preparation  of  aluminium  chloride,  igniting  the  maas  in 
chlorine  or  hydrochloric  acid,  and  condensing  the  vapor  in  a  reeeiTer,  It 
is  a  crystalline  mass,  less  deliquescent  than  aluminium  chloride,  and,  there- 
fore, more  convenient  for  the  preparation  of  aluminium. 

Aluminium  Fluoride,  AljF^ .  is  produced  by  the  action  of  gaseous  silicium 
fluoride  on  aluminium,  and  forms  cubic  crystals,  volatilizing  at  a  red  heat, 
insoluble  in  water,  and  resisting  the  action  of  all  acids. 

Aluminium  and  Sodium  Fluoride,  AljFg.GNaF,  occurs  abundantly,  as  cryolite, 
at  Evigtok  in  Greenland,  and  is  prepared  artificially  by  pouring  hydro- 
fluoric acid  in  excess  on  a  mixture  of  calcined  alumina  and  sodium  car- 
bonate. Cryolite  forms  quadratic  crystals,  colorless,  transparent,  softer 
than  felspar,  and  of  specific  gravity  2-96.  It  is  used,  as  already  mentioned, 
for  the  preparation  of  aluminium,  and  in  Germany  for  the  manufacture  of 
soda  for  the  use  of  soap-boilers. 

Aluminium  Oxide.  Alumina,  Al,0,. — This  substance  is  inferred  to  be 
a  sesquioxide  from  its  isomorphism  with  ferric  oxide.  It  is  prepared  bv 
mixing  a  solution  of  alum  with  excess  of  ammonia,  by  which  an  extremely 
bulky,  white,  gelatinous  precipitate  of  aluminium  hydrate  is  thrown  do irii. 
This  is  washed,  dried,  and  ignited  to  whiteness.  Thus  obtained,  alumina 
constitutes  a  white,  tasteless,  coherent  mass,  very  little  acted  upon  by  acids. 
It  is  fusible  before  the  oxy-hydrogen  blowpipe.  The  mineral  called  conin-' 
dum,  of  which  the  ruby  and  sapphire  are  transparent  varieties,  consists  of 
nearly  pure  alumina  in  a  crystallized  state,  with  a  little  coloring  oxide: 
emery,  used  for  polishing  glass  and  metals,  is  a  coarse  variety  of  corundum. 
Alumina  is  a  very  feeble  base,  and  its  salts  have  often  an  acid  reaction. 

Aluminium  Htdrates. — Aluminium  forms  three  hydrates;  namely; 

Monohydrate    .         .     AlHO,      orAl,0,.OH. 
Dihydrate      .         .         Al^H^Oj  orAl,0,.20H, 
Trihidrate         .         .     AljH,0,  or  A1,0,.  30H,. 

The  monohydrate  is  found  native,  as  diaspore,  in  translucent  masses  which 
crumble  to  powder  when  heated,  and  give  off  the  whole  of  their  water  «t 
860O. 

The  trihydraU  is  the  ordinary  gelatinous  precipitate  obtained  by  treating 
solutions  of  aluminium-salts — alum,  for  exnmple  —  with  ammonia  or  al- 
kaline carbonates.  When  dried  at  a  moderate  heat,  it  forms  a  soft  friable 
mass,  which  adheres  to  the  tongue  and  forms  a  stiff  paste  with  water,  but 
does  not  dissolve  in  that  liquid.  At  a  strong  red  heat,  it  parts  vnth  \is 
water,  and  undergoes  a  very  great  contraction  of  volume.  It  dissolyes 
with  great  facility  in  acids,  and  in  the  fixed  caustic  alkalies.  When  a  sola- 
tion  of  alumina  in  caustic  potash  is  exposed  to  the  air,  the  potash  absorbs 
carbonic  acid,  and  the  aluminium  trihydrate  is  then  deposited  in  white 
crystals,  which  are  but  sparingly  soluble  in  acids. 

Aluminium  trihydrate  has  a  very  powerful  attraction  for  organic  matter, 
and  when  digested  in  solutions  of  vegetable  coloring-matter,  combines  with 


ALUMINIUM.  835 

• 

ftnd  carries  down  the  coloring  matter,  which  is  thus  remoTed  entirely  from 
th«  liquid  if  the  alumina  is  in  sufficient  quantity.  The  pigments  cullod 
hka  hre  compounds  of  this  nature  The  fibre  of  cotton  iinpregunted  with 
alamina  acquire  the  same  power  of  retaining  coloring  matters:  hence  the 
great  use  of  aluminous  salts  as  mordants  to  produce  ttist  colors. 

Aluminium  trihydrate  occurs  native  as  GibbaUe,  a  stalactitic,  translucent, 
fibrous  mineral,  easily  dissolved  by  acids. 

Dikydrate.  —  When  a  dilute  solution  of  aluminium  diacetate  is  exposed 
for  several  days  to  a  temperature  of  100^  in  a  close  vessel,  the  acetic  acid 
appears  to  be  set  free,  although  no  precipitation  of  alumina  takes  place. 
The  liquid  acquires  the  taste  of  acetic  acid,  and  if  afterwards  boiled  in  an 
open  vessel,  gives  off  nearly  the  whole  of  its  acetic  acid,  the  alumina  never- 
theless remaining  in  solution.  This  solution  is  coagulated  by  mineral  acids 
and  by  most  Tegetable  acids,  by  alkalies,  and  by  decoctions  of  dye-woods. 
The  alumina  contained  in  it  is,  however,  no  longer  capable  of  acting  as  a 
mordant.  Its  coagulum  with  dye-woods  has  the  color  of  the  infusion,  but 
is  translucent  and  totally  different  from  the  dense  opaque  lakes  which 
ordinary  alamina  forms  with  the  same  coloring  matters.  On  evaporating 
the  solution  to  dryness  at  100^,  the  alumina  remains  in  the  form  of  dihy- 
drate,  retaining  only  a  trace  of  acetic  acid.  In  this  state  it  is  insoluble  in 
the  stronger  acids,  but  soluble  in  acetic  acid,  provided  it  hns  not  been  pre- 
Tioasly  coagulated  in  the  manner  just  mentioned.  Boiling  potash  converts 
it  into  the  trihydrate.* 

Alummatet.  — The  hydrogen  in  aluminium  trihydrate  may  be  replaced  by 
an  equivalent  quantity  of  various  metals;  such  compounds  are  called 
alummateM,  According  to  Fr^my,  a  solution  of  alumina  in  potash  slowly 
evaporated,  out  of  contact  with  the  air,  deposits  granular  crystals  of  po- 
tassium  aluminate,  AVKO^  or  Al^Og-OK^  Similar  compounds  occur  na- 
tive ;  thus  Spinell  is  an  aluminate  of  magnesium,  Al^^^,Mg^^04 ;  Gahnittf  an 
aluminate  of  xino,  Al^'^jZn'^O^. 

.\LrMXirii7M  SuLPHiDB,  A1,S,.  —  When  the  vapor  of  carbon  bisulphide  is 
passed  over  alumina,  at  a  bright  red-heat,  a  glassy  melted  mass  remains, 
which  is  instantly  decomposed  by  water,  with  evolution  of  sulphuretted 
hjdrogen. 

ALuxiinuM  S17LPHATK,  (SOJ,AK^^, .  180H,,  or  A1,0,.  3SO,.180H,.— 
Prepared  by  saturating  dilute  sulphuric  acid  with  aluminium  hydrate,  and 
evaporating ;  or,  on  the  large  scale,  by  heating  clay  with  sulphuric  aoid. 
It  crystallizes  in  thin  pearly  plates,  soluble  in  2  parts  of  water;  it  has  a 
Bweet  and  astringent  taste,  and  an  acid  reaction.  Heated  to  redness,  it  is 
decomposed,  leaving  pure  alumina.  Two  other  aluminium  sulphates,  with 
excess  of  base,  are  also  described,  one  of  which  is  insoluble  in  water. 

Aluminium  sulphate  combines  with  the  sulphates  of  potassium,  sodium, 
and  ammonium,  and  the  other  alkali-metals,  forming  double  salts  of  great 
ioterest,  the  alumt.  Common  alum,  the  source  of  all  the  preparations  of 
alumina,  contains  (S04),AK^^K.120H^  It  is  manufactured  on  a  very  large 
scale  from  a  kind  of  slaty  clay,  loaded  with  iron  bisulphide,  which  abounds 
in  certain  localities.  This  is  gently  roasted,  and  then  exposed  to  the  air  in 
«  moistened  state ;  oxygen  is  absorbed ;  the  sulphur  becomes  acidified ;  fer- 
rous sulphate  and  aluminium  sulphate  are  produced,  and  afterwards  sepa- 
rated by  lixiviation  with  water.  The  solution  is  next  concentrated,  and 
mixed  with  a  quantity  of  potassium  chloride,  which  decomposes  the  iron- 
^It,  forming  ferrous  chloride  and  potassium  sulphate:  the  latter  combines 
with  the  aluminium  sulphate  to  form  alum.     By  crystallization  the  alum  is 

*  Walter  Oram,  Ghem.  Soc  Jonrn.  vi.  226. 
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separated  from  the  highly  soluble  iron  chloride,  and  afterwards  easily  pa> 
Viticd  by  a  repetition  of  Ihe    process.     UtUer   methods  of  alum-muklE.;: 
exist,  and  are  sometimes  employed.    Potassium-alum  crystallizes  in  colorit^s 
transparent  octohedrons  which  often  exhibit  the  faces  of  the  cube.      It  lut? 
a  sweetish  and  astringent  taste,  reddens  litmus^paper,  and  dissoWes  in  lb 
parts  of  water  at  15  5°,  and  in  its  own  weight  of  boiling  water.     Expose  J 
to  heat,  it  is  easily  rendered  anhydrous,  and  by  a  very  high  temperature  ic 
is  decomposed.     The  crystals  have  little  tendency  to  change  in  the  air 
Alum  is  largely  used  in  the  arts,  in  preparing  skins,  dyeing,  &c. :  ii  is  oc- 
casionally contaminated  with  iron  oxide,  which  interferes  with  some  of  li^ 
applications.     The  celebrated  Roman  alum,  made  from  aium-^fune^  a   fel- 
spathick  rock  altered  by  sulphurous  vapors,  was  once  much  prized  on  ac- 
count of  its  freedom  from  this  impurity.     A  mixture  of  dried  alum  nud 
sugar,  carbonized  in  an  open  pan,  and  then  heated  to  redness  in  a  gia^.** 
flask,  contact  with  air  being  avoided,  furnishes  the  pyrophorwi  of  HowJ^rrij, 
which  ignites  spontaneously  on  exposure  to  the  atmosphere.     The  essential 
ingredient  is,  in  all  probability,  finely  divided  potassium  sulphide. 

Sodium-alum,  in  which  sulphate  of  sodium  replaces  sulphate  of  potassinm, 
has  a  form  and  constitution  similar  to  that  of  the  salt  described:  it  i& 
however,  much  more  soluble,  and  difficult  to  crystallize. 

Ammonium-alum,  containing  NH^  instead  of  K,  very  closely  resembles 
common  potassium-alum,  having  the  same  figure,  appearance,  and  consti- 
tution, and  nearly  the  same  degree  of  solubility  as  that  substance.  It  is 
manufactured  for  commercial  use.  As  the  value  of  potassium  salts  is  cos- 
tinually  incrensing,  ammonium-alum,  which  may  be  used  in  dyeing  with 
the  same  advantage  as  the  corresponding  potassium  salt,  has  almost  en- 
tirely replaced  the  potassium-alum.  When  heated  to  redness,  ammoaium- 
alum  yields  pure  alumina. 

Cauiumalum,  (S04)2AK'''C8.120H,,  and  Rubidium-alum,  {80^)^\V^''KK 
I2OH2,  resemble  potassium  alum.  A  nlver  alum,  (S04)2Al^^^Ag  12011^  is 
formed  by  he>iting  equivalent  quantities  of  argentic  and  aluminium  sul- 
phates till  the  former  is  dissolved.  It  crystallizes  in  regular  octohedrons. 
and  is  resolved  by  water  into  its  component  salts.  There  is  also  a  ihaUium 
alum,  (80^)^kV^^l\.\20ll^  which  crystallizes  in  regular  octohedrons. 

Lastly,  there  are  alums  isomorphous  with  those  just  described,  in  which 
the  trivalent  aluminium  is  replaced  by  trivalent  iron,  chromium,  and  man- 
ganese: for  example,  potassio-ferric  sulphate  or  potassium  iron  alum,  (SO^), 
h\fffK.\20\l,^\  ammonio-chromie  sulphate,  (S04),Cr^^^NH4.120H^  These 
will  be  described  further  on. 

Few  other  aluminium  salts  present  especial  interest,  except  the  silicates; 
but  these  latter  are  of  great  importance.  Silicates  of  aluminium  enter 
into  the  composition  of  a  number  of  crystallized  minerals,  among  which 
felspar,  by  reason  of  its  abundant  occurrence,  occupies  a  prominent  place. 
Granite,  porphyry,  trachyte,  and  other  ancient  unstratified  rocks,  consist 
in  great  part  of  this  mineral,  which,  under  peculiar  circumf  tances  by  do 
means  well  understood,  and  particularly  by  the  action  of  the  carbonic  acid 
of  the  air,  suffer  complete  decomposition,  becoming  converted  into  a  soft, 
friable  mass  of  earthy  matter.  This  is  the  origin  of  clay;  the  change  it- 
self is  seen  in  great  perfection  in  certain  districts  in  Devonshire  and  Corn- 
wall, the  felspar  of  the  fine  white  granite  of  those  localities  being  often 
disintegrated  to  an  extraordinary  depth,  and  the  rock  altered  to  a  substance 
resembling  soft  mortar.  By  washing,  this  finely  divided  matter  is  sepa- 
rated from  the  quartz  and  mica;  and  the  milk-like  liquid,  being  collected 
in  tanks  and  suffered  to  stand,  deposits  the  suspended  clay,  which  is  after- 
wards dried,  first  in  the  air,  and  afterwards  in  a  stove,  and  employed  in 
the  manufacture  of  porcelain.  The  composition  Assigned  to  unaltered  fel- 
spar is  SisOfAlK,  or  SiO^AlK.  28102,  or  eSiO^  Al,Os.K,0.     The  exact  nature 
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of  the  eluuEige  by  which  felspar  passes  into  porcelain  clay  is  unknown,  al- 
though it  evidently  consists  in  the  abstraction  of  silica  and  alkali. 

When  the  decomposing  rock  contains  iron  oxide,  the  clay  produced  is 
colored.  The  different  varieties  of  shale  and  slate  result  from  the  altera- 
tion of  ancient  clay-beds,  apparently  in  many  instances  by  the  infiltration 
of  water  holding  silica  in  solution :  the  dark  appearance  of  some  of  these 
deposits  is  due  to  bituminous  matter. 

It  is  a  common  mistake  to  confound  clay  with  alumina :  all  clays  are 
essentially  silicates  of  that  base ;  they  often  vary  a  good  deal  in  composi- 
tion. IHlnte  acids  exert  little  action  on  these  compounds ;  but  by  boiling 
with  oil  of  vitriol,  alumina  is  dissolved  out,  and  finely  divided  silica  left 
behind.  Clays  containing  an  admixture  of  calcium  carbonate  are  termed 
»irU,  and  are  recognized  by  effervescing  with  acids. 

A  basic  aluminium  silicate,  Al,0,.SiOy  is  found  crystallized,  constituting 
the  beautiful  mineral  called  cyarUtt,  The  compounds  formed  by  the  union 
of  the  aluminium  silicates  with  other  silicates  are  almost  innumerable.  A 
sodium  felspar,  aibitet  containing  that  metal  in  place  of  potassium,  is  known, 
aod  there  are  two  somewhat  similar  lithium-compounds,  tpodumene  and  pe- 
taliie.  The  zeolite*  belong  to  this  class ;  analcime,  nepheline,  meeotype,  &o., 
are  double  silicates  of  sodium  and  aluminium,  with  water  of  crystallization. 
Mhiu,  hetdandile,  laumontite,  prehniU^  &c.,  consist  of  calcium  silicate  com- 
bioed  with  silicate  of  aluminium.  The  gamete^  axiniie,  mica,  &c.,  have  a 
nmilar  composition,  but  are  anhydrous.  Iron  sesquiozide  is  very  often 
Babatituted  for  alumina  in  these  minerals. 


Sdts  of  alnmininm,  when  moistened  with  cobalt  nitrate  and  heated  before 
the  blowpipe,  assume  a  characteristic  blue  color. 

Alomina,  when  in  solution,  is  distinguished  without  difficulty.  Caustic 
fdt'uk  and  toda  occasion  white  gelatinous  precipitates  of  aluminium  hy- 
dnte,  freely  soluble  in  excess  of  the  alkali.  Ammonia  produces  a  similar 
precipitate,  insoluble  in  excess  of  the  reagent.  The  alkaline  earbonatee  and 
tarhonate  of  ammonia  precipitate  the  hydrate,  with  escape  of  carbonic  acid. 
The  precipitates  are  insoluble  in  excess. 

Ammonium  tulpfdde  also  produces  a  white  precipitate  of  aluminium 
hydrate. 


BERYLLITTM,  or  OL0CIHTTK. 

Atomic  weight,  9-4.     Symbol,  Be. 

This  somewhat  rare  metal  occurs  as  a  silicate,  either  alone,  as  in  phcna- 
cite,  or  associated  with  other  silicates,  as  beryl,  euclase,  leucophane,  hel- 
Tite,  and  several  varieties  of  gadolinite ;  also  as  an  aluminate  in  chrysoberyl 
or  cymophane. 

Metallic  beryllium  is  obtained  by  passing  the  vapor  of  the  chloride  over 
melted  sodium.  It  is  a  white  metal  of  specific  gravity  2*1;  it  may  be 
forged  and  rolled  into  sheets  like  gold:  its  melting  point  is  below  that  of 
silver.  It  does  not  decompose  water  at  the  boiling  heat.  Sulphuric  and 
hydrochloric  acids  dissolve  it,  with  evolution  of  hydrogen. 

Beryllium  forms  but  one  class  of  compounds,  and  there  is  considerable 
doubt  as  to  its  atomic  weight  and  equivalent  value.  On  the  one  hand  it  is 
Jfgirded  as  a  dyad,  like  calcium  and  mnfrneHium,  with  the  atomic  weigrht 
Hits  chloride  being  BeCl,,  its  oxide  BeO;  on  the  other  hand,  as  a  tetrad, 
{•w  alnmininm,  with  apparent  tri-equivalent  vnlue,  on  which  supposition 
*'« chloride  would  be  Be-CU.  its  oxide  Be„0-»  and  its  atomic  weight  14;  but 
29 
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the  former  Tiew  appears,  on  the  whole,  to  be  most  in  accordance  with  ob- 
senred  facts. 

Beryllium  Cbloridk,  BeCl^  is  formed  by  heating  the  metal  in  chlorine 
or  hydrochloric  acid  gas,  or  by  the  action  of  aqueous  hydrocbloric  acid  on 
the  metal  or  its  oxide. 

The  anhydrous  chloride  is  prepared  by  passing  chlorine  over  an  ignited 
mixture  of  beryllia  and  charcoal.  It  is  less  volatile  than  alnmimam  chlo- 
ride, Tery  deliquescent,  and  easily  soluble  in  water. 

Bkbtllivh  Oxidk.  Bebtllia,  BeO.  — This  earth  may  be  prepared  frmn 
beryl,  or  either  of  the  other  beryllium  silicates,  by  fusing  the  finely  poanded 
mineral  with  potassium  carbonate  or  quicklime;  treating  the  fused  majs 
with  hydrochloric  acid ;  evaporating  to  dryness;  then  moistening  the  resi- 
due with  hydrochloric  acid,  and  treating  it  with  water,  whereby  eveiy- 
thing  is  dissolved  except  the  silica.  The  filtered  liquid  is  then  mixed  with 
excess  of  ammonia  solution,  which  throws  down  a  bulky  precipitate  con- 
taining both  alumina  and  beryllia ;  this  precipitate  is  well  washed,  and  the 
beryllia  is  dissolved  out  from  the  alumina  by  digestion  in  a  cold  strong  so- 
lution of  ammonium  carbonate.  The  liquid  is  again  filtered,  and  on  boiling 
it,  beryllium  carbonate  is  deposited  as  a  white  powder,  which,  when  ignited, 
leaves  pure  beryllia. 

Beryllia  is  very  much  like  alumina  in  physical  characters,  and  further 
resembles  that  substance  in  being  readily  dissolved  by  caustic  potash  or 
soda;  but  it  is  distinguished  from  alumina  by  its  solubility,  when  recently 
precipitated,  in  a  cold  solution  of  ammonium  carbonate. 

Beryllium  salts  have  a  sweet  taste,  whence  the  former  name  of  the  metal 
glueinum  (from  yXvcdc).  They  are  colorless,  and  are  distinguished  from  thoee 
of  aluminium  by  not  yielding  an  alum  with  potassium  sulphate,  nor  a  blue 
color  when  heated  before  the  blowpipe  with  cobalt  nitrate;  also  by  their 
reaction  with  ammonium  carbonate. 


zntcoNiux. 

Atomic  weight,  89'6.     Symbol,  Zr. 

This  is  a  tetrad  metal,  intermediate  in  many  of  its  properties  between 
aluminium  and  silicium.  Its  oxide,  zirconia,  was  first  obtained  by  Klap- 
roth,  in  1789,  from  zircon,  which  is  n  silicate  of  zirconium.  It  has  since 
been  found  in  fergusonite,  eudialyte,  and  two  or  three  other  rare  minerals. 

Zirconium,  like  silicium,  is  capable  of  existing  in  three  different  states, 
amorphous,  crystalline,  and  graphitoidal.  The  amorphous  and  crystalline 
varieties  are  obtained  by  processes  similar  to  those  described  for  preparing 
the  corresponding  modifications  of  silicium ;  graphitofdal  zirconium  was 
obtained,  by  Troost,  in  attempting  to  decompose  sodium  zirconate  with 
iron,  in  light  scales  of  a  steel-gray  color.  Amorphous  zirconium  when 
heated  in  the  air  takes  fire  at  a  heat  somewhat  below  redness,  and  bums 
with  a  bright  light,  forming  zirconia.  Crystalline  zirconium  forms  very 
hard  brittle  scales  resembling  antimony  in  color  and  lustre ;  it  bums  in  the 
air  only  at  the  heat  of  the  oxy-hydrogen  blowpipe,  bat  takes  fire  at  a  red 
heat  in  chlorine  gas.  Zirconium  is  but  little  attacked  by  the  ordinary 
acids;  but  hydrofluoric  acid  dissolves  it  readily,  with  evolution  of  hydrogen. 

ZiBcoNiiTM  Oxide,  or  Ztbconia,  ZrO,,  is  prepared  by  strongly  igniting 
zircon  (zirconium  silicate)  with  four  times  its  weight  of  dry  sodium  carbon- 
ate and  a  small  quantity  of  sodium  hydrate.     The  silica  is  separated  tmm 
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the  fused  mass  by  hydrochloric  acid,  as  described  in  the  case  of  beryllia ; 
the  resulting  solution  is  treated  with  ammonia,  which  throws  down  xirconia 
fenerally  mixed  with  ferric  oxide ;  the  precipitate  is  redissoWed  in  hydro- 
chloric acid ;  and  the  solution  is  boiled  with  excess  of  sodium  hyposulphite 
as  long  a3  sulphurous  acid  continues  to  escape,  whereby  pure  xirconia  is 
precipitated,  the  whole  of  the  iron  remaining  in  the  solution.  Zirconia 
thus  obtained  forms  a  white  powder  or  hard  lumps  of  specific  graTity  4-85 
to  4'9.  By  fusing  it  with  borax  in  a  pottery  furnace  and  dissolving  out 
the  soluble  salts  with  hydrochloric  acid,  xirconia  is  obt4atined  in  small  quad- 
ratic prisms,  isomorphous  with  the  native  oxides  of  tin  and  titanium. 

Zirconium  hydrates  are  obtained  by  precipitating  the  solution  of  a  xir- 
coaium  salt  with  ammonia;  the  precipitate  contains  ZrHjOg  =  ZrO,.OH«, 
or  ZrH^O^  =  Zr02.20H,,  according  to  the  temperature  at  which  it  is  dried. 

Zirconia  acts  both  as  a  base  and  as  an  acid.  After  ignition  it  is  insoluble 
m  all  acids  except  hydrofluoric  and  very  strong  sulphuric  acid ;  but  the 
hydrate  dissolves  easily  in  acids,  forming  the  xirconium  salta ;  the  normal 
salphate  has  the  composition  (S04),Zr*',  or  SOs.ZrO,. 

Compounds  of  xirconia  with  the  stronger  bases,  called  tireonatet,  are  ob- 
tained by  precipitating  a  xirconium  salt  with  potash  or  soda,  or  by  igniting 
zirconia  with  an  alkaline  hydrate.  Poiastium  zkconaU  dissolves  completely 
in  water.  Three  sodium  zireonates  have  been  formed,  containing  ZrO^Na,  = 
ZrOy-ONa,;  ZrO^Na^  =  ZrO,.20Na,;  and  ZrgO^Na,  =  8ZrO,  ONa,. 

ZiEcoHiiTM  Fluobtdk,  ZrF4. — This  compound  is  obtained  by  dissolving 
tirconia,  or  the  hydrate,  in  hydrofluoric  acid ;  or  in  the  anhydrous  state, 
bj  igniting  xirconia  with  ammonium  and  hydrogen  fluoride  (p.  276)  till  all 
the  ammonium  fluoride  is  driven  off.  It  unites  with  other  metallic  fluorides, 
forming  double  salts,  called  zircofluorides  or  Jtuozirconafes,  which  are  isomor- 
phoas  with  the  corresponding  silioofluorides,  stannofluorides,  and  titano- 
flaorides,  and  are  mostly  represented  by  the  formulas 

4MF.ZrF4;     SMF.ZrF^;     2MF.ZrF4;     MF.ZrF^, 

in  which  M  denotes  a  monad  metal.  The  sodium  salt,  however,  has  the 
composition  5NaF.3ZrF4. 


THOBDnrx,  or  THORIUIL 
Atomic  weight,  115-75.    Symbol,  Th. 

This  very  rare  metal  was  discovered  in  1828  by  Berxelius,  in  thorite,  a 
mineral  from  the  Norwegian  island  Lovon,  in  which  it  exists  as  a  silicate. 
It  has  since  been  found  in  euxenite,  pyrochlore,  and  a  few  other  minerals, 
sU  very  scarce. 

Metallic  thorinum  is  obtained  by  reducing  the  chloride  with  potassium 
or  sodium,  as  a  gray  powder,  which  acquires  metallic  lustre  by  pressure, 
and  has  a  density  of  7*66  to  7*9.  It  is  not  oxidixed  by  water,  dissolves  easily 
in  nitric,  slowly  in  hydrochloric  acid,  and  is  not  attacked  by  caustic  alkalies. 

Thorinum  forms  but  one  class  of  compounds,  in  all  of  which  it  is  bivalent. 

Thorinum  Oxidk,  or  Thorina,  ThO,  is  prepared  by  decomposing  thorite 
with  hydrochloric  acid,  separatinfr  the  silica  in  the  usual  way,  treating  the 
filtered  solution  with  hydrogen  sulphide  to  sepaf-ate  lead  and  tin,  and  pre- 
cipitating the  thorina  by  ammonia,  together  with  small  quantities  of  the 
oxides  of  iron,  manganese,  and  uranium.  To  get  rid  of  these,  the  precipi- 
tate is  redissolved  in  hydrochloric  acid,  and  the  hot  saturated  solution  is 
boiled  with  a  solution  of  neutral  potassium  sulphate.     The  thorinum  is 
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thereby  precipitated  as  thorinum  and  potassium  sulphate ;  and  from  tJie 
solution  of  this  salt  in  hot  water,  the  thorinum  is  precipitated  as  a  hydrmte, 
which,  on  ignition,  yields  pure  thorina. 

Thorina  is  white,  and  very  heavy,  its  specific  gravity  being  9.402.  After 
ignition  it  is  insoluble  in  nitric  and  hydrochloric  acids,  and  dissolves  ia 
strong  sulphuric  acid  only  after  prolonged  heating.  The  hydrate  precipi- 
tated from  thorinum  salts  by  alkalies  dissolves  easily  in  acids. 

Thorinum  Chloridb,  ThCI,.  prepared  by  igniting  an  intimate  mixtore  of 
thorina  and  charcoal  in  chlorine  gas,  sublimes  in  white  shining  crjstala. 
It  forms  double  salts  with  the  fhlorides  of  the  alkali-metals. 

Thobinuh  Sulphate,  SO^Th^^,  crystallizes  with  various  quantities  of 
water,  according  to  the  temperature  at  which  its  solution  is  evaporated. 
Thorinum  and  potassium  tulphaU,  ^S04),Th^^K, .  OH,  separates  as  a  crystalline 
powder  when  a  crust  of  potassium  sulphate  is  suspended  in  a  solution  of 
thorinum  sulphate.  It  is  easily  soluble  in  water,  but  insoluble  in  alcohol 
and  in  solution  of  potassium  sulphate. 


CEBirm.  —  LAHTHAVUIC. — DIBTMIVM. 
Ce  as  92.— La  s  92-8.  — Di  =s  96. 

These  three  metals  occur  together  as  silicates  in  the  Swedish  mineral 
cerite,  also  in  allanite,  orthite,  and  a  few  others ;  and  as  phosphates  in 
monazite,  edwardsite,  and  cryptolite,  a  mineral  occurring  disseminated 
through  apatite  and  through  certain  cobalt  ores. 

Cerium  was  discovered  in  1803  by  Klaproth,  and  by  Hisinger  and  Ber- 
zelius,  who  obtained  it  in  the  form  of  oxide  from  cerite.  This  mineral  is 
completely  decomposed  by  boiling  with  strong  hydrochloric  acid,  silica 
being  separated,  and  the  cerium,  together  with  iron  and  other  metals,  dis- 
solving as  chloride.  On  treating  the  acid  solution  thus  obtained  with  oxalic 
acid,  cerium  oxalate  is  precipitated  as  a  white  crystalline  powder,  which, 
when  ignited,  leaves  a  brown  oxide.  The  product  thus  obtained  was  for 
some  time  regarded  as  the  oxide  of  a  single  metal,  cerium ;  but  in  1889  and 
1841,  Mosander*  showed  that  it  contained  the  oxides  of  two  other  metals, 
which  he  designated  as  lanthanum^  and  didymium.X 

Cerium  oxide  may  be  separated  from  the  oxides  of  lanthanum  and  didy- 
mium  by  treating  the  crude  brown  oxide  above  mentioned,  first  with  dilute 
and  then  with  strong  nitric  acid,  which  gradually  removes  the  whole  of  the 
lanthanum  and  didy  mium  oxides. 

The  separation  of  these  two  oxides  one  from  tite  other  is  much  more  diffi- 
cult, and  can  be  effected  only  by  successive  crystallization  of  their  sul- 
phates. If  the  lanthanum  salt  is  in  excess,  in  which  case  the  solution  of 
the  mixed  sulphates  has  only  a  faint  amethyst  tinge,  the  liquid  is  evaporated 
to  dryness,  and  the  residue  heated  to  a  temperature  just  below  redness,  to 
render  the  sulphates  anhydrous.  The  residue  thus  obtained  is  then  to  be 
added  by  small  portions  to  ice-cold  water,  in  which  it  dissolves  easily,  and 
the  resulting  solution  heated  in  a  water-bath  to  about  40^.  Lanthanum  sul- 
phate then  crystallizes  out,  containing  only  a  small  quantity  of  didymium, 
and  may  be  further  purified  by  repeating  the  whole  process.  If,  on  the 
other  hand,  the  didymium  salt  is  in  excess,  in  which  case  the  liquid  has  s 

*  PoggendorflTs  Annalon,  xlvl.  648;  xlvii.  207;  Ivi.  504.  %  'rom  ^'^o^m,  twioi. 

f  From  XavBAt^Wt  to  lie  bid. 
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decided  roM  oolor,  sepftraUon  may  be  effected  by  leaving  the  acid  solution 
in  a  warm  plaee  for  a  day  or  two.  Bidymium  sulphate  then  separates  in 
Urge  rhombohedral  crystals. 

Metallic  cerium,  lanthanum,  and  didymium  are  obtained  by  reducing 
the  chlorides  with  sodium,  in  the  form  of  gray  powders,  which  decompose 
water  at  ordinary  temperatures,  and  dissoWe  rapidly  in  dilute  acids  with 
eTolutaon  of  hydrogen. 

Cerhtm  forms  three  series  of  compounds :  the  eenmt  eompoutuU,  in  which  it 
ia  biTalent,  e.  y.,  CeCI^  CeO,  CeS04;  the  eerie  compoundtj  in  which  it  is  ap- 
parently iriTatent,  but  really  quadrivalent,  like  the  ferric  salt,  e.  g,^  cerio 

CeF, 
fluoride,  Ce^Fg  ss    |        ;  and  the  ceroto-cerk  eampoundt,  of  intermediate 

CeF, 
composition,  and,  perhaps,  consisting  of  compounds  of  the  other  two,  e,  y., 
ceroso-ceric  oxide,  Ce^O^  =  CeO.Ce,03. 

CerouM  ozide^  CeO,  is  obtained  by  igniting  the  carbonate  or  oxalate  in  a 
carrent  of  hydrogen,  as  a  grayish-blue  powder,  quickly  couYerted  into 
ceroeo-certo  oxide  on  exposure  to  the  air.  Its  salts  are  colorless.  The 
vd^kate,  804Ce,  crystallizes  with  various  quantities  of  water,  according  to 
the  temperature  at  which  it  is  deposited.  Cerium  and  potastium  itUpkaie, 
{SO^)fieKy  separates  as  a  white  powder  on  immersing  solid  potassium  sul- 
phate in  a  solution  of  a  cerous  salt.  It  is  slightly  soluble  in  pure  water, 
but  insoluble  in  a  saturated  solution  of  potassium  sulphate.  The  forma- 
tion of  this  salt  affords  the  means  of  separating  cerium  from  most  other 
metals. 

The  only  eerie  compounds  actually  known  are  the  fiuoride,  Ce,Fg,  already 
mentioned,  which  may  be  obtained  as  a  yellow  precipitate,  and  likewise 
occurs  native  as  fiuoeeriu,  and  an  oxyfluoride,  Ce^FgOg,  occurring  as  fiuo- 
cerine  at  Finnbo,  in  Sweden. 

0  =  Ce 

Ceroto^eerie  ozidey*  Ce^  O.,  or         Ce       ,   aaalogous  in  composition   to 

J  >^ 
OsCe 

ferrosoferric  or  magnetic  iron  oxide,  is  produced  when  cerous  hydrate, 

carbonate,  or  nitrate  is  ignited  in  an  open  vessel.     It  is  yellowish- white, 

acquires  a  deep  orange-red  color  when  heated,  but  recovers  its  original 

tint  on  cooling.     It  is  not  converted  into  a  higher  order  by  ignition  in 

hydrogen.     Ceroto-eeric  hydrate,  Cefi^ .  30 H,.  obtained  by  passing  chlorine 

into  aqueous  potash  in  which  cerous  hydrate  is  suspended,  is  a  bright- 

jellow  precipitate,  which  dissolves  readily  in  sulphuric  and  nitric  acids, 

forming  yellow  solutions  of  oeroso-ceric  salts ;  and  in  hydrochloric  acid, 

with  evolution  of  chlorine,  forming  colorless  cerous  chloride. 

The  solution  of  the  sulphate  yields  by  spontaneous  evaporation,  first, 
brown-red  crystals  of  the  salt,  (SO^)eCej.  18  aq.,  or  8S04Cc>'''.  (804)500^''^ 
IB  aq.,  and  afterwards  a  yellow  indistinctly  crystalline  salt,  containing 
SO.CV.  (S04),Ce^'^, .  18  aq.f 

All  ceroso-ceric  compounds,  when  heated  with  hydrochloric  acid,  give 
off  chlorine,  and  are  reduced  to  the  corresponding  cerous  compounds;  thus: 

Ce,04       -f       8Ha       =       aCcCl,       +       40H,    +    CI,. 

Geroio-ceiic  oxide.  Cerous  chloride. 

*  A  Betqnioxlde,  CejO*.  ^^  commonly  Raid  to  exist,  and  Is  defrffpoated  as  eerie  oxide,  but  there 
■  no  proof  of  its  eztotence;  neither  are  any  salts  of  analogous  composition  known  with  cer- 

Uinty. 

t  The  symbol  tui.  (abbreviation  of  aqua)  is  often  used  to  denote  water  of  crystallisation. 
29» 
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Lanthanum  is  biyalent,  forming  onljr  one  set  of  compounds.  Tix.  IaCI, 
LaO,  LaSOf.  There  is,  however,  a  higher  oxide,  the  composition  of  which 
is  not  exactly  known.  Lanthanum  salts  are  colorless ;  their  solailons  yield, 
with  alkalies,  a  precipitate  of  lanthanum  hydrate^  LaH^O,,  or  LaO.OH^ 
which,  when  ignited,  leaves  the  white  anhydrous  monoxide.  B0U&  the  by* 
drate  and  the  anhydrous  oxide  dissolve  easily  in  acids.  Lanthanum  tuiphale 
forms  small  prismatic  crystals,  containing  SOfLa .  80 H^  LmUhanmm  and 
potaMtum  sulphate,  (S04)2LaK,,  is  formed,  on  mixing  the  eolation  of  a  lan- 
thanum salt  with  potassium  sulphate,  as  a  white  crystalline  procipitate, 
resembling  the  corresponding  cerium  salt. 

Didymium  is  also  bivalent ;  its  salts  are  rose-colored,  and  their  aolatioBS 
give,  with  alkalies,  a  pale  rose-colored  precipitate  of  the  hydrate^  DiH^O, 
which,  when  ignited  in  a  covered  crucible,  leaves  the  anhydrous  monoxide, 
DiO,  in  white,  hard  lumps.  When,  however,  the  hydrate,  nitrate,  carbon- 
ate, or  oxalate  of  didymium  is  heated  in  contact  with  the  air,  and  not 
very  strongly,  a  dark-brown  peroxide  is  left,  containing  from  0-8  to  0-9  per 
cent,  oxygen  more  than  the  monoxide.  This,  when  treated  with  acids, 
dissolves  readily,  giving  off  oxygen   and  yielding  a  salt  of  the  monoxide. 

Didymium  sulphate  separates  from  an  acid  solution,  by  spontaneous 
evaporation,  in  well-defined  rhombohedral  crystals,  exhibiting  numerous 
secondary  faces,  and  containing  8S04Di .  8  aq. :  they  are  isomorphoiis  with 
the  similarly  constituted  sulphates  of  yttrium,  erbium,  and  cadmium.  The 
sulphate  is  more  soluble  in  cold  than  in  hot  water,  and  a  solution  saturated 
in  the  cold  deposits,  when  heated  to  the  boiling-point,  a  crystalline  powder 
containing  SO^Dl  •  2  aq. 

Didymium  and  potassium  sutphale,  (SOJ^DiE^  resembles  the  lanihanam 
salt. 

Solutions  of  didymium  salts  exhibit  a  well-marked  absorption  speotmm,* 
containing  two  black  lines  inclosing  a  very  bright  space.  One  of  these 
black  lines  is  in  the  yellow,  immediately  following  Fraunhofer's  line  D; 
the  other  is  situated  between  E  and  b.  These  characters  can  be  diatinctly 
recognized  in  a  solution  half  an  inch  deep,  containing  only  0*01  per  cent 
of  didymium  salt.  Lanthanum  salts  do  not  exhibit  an  absorption  spectrum 
(Gladstone). 


yriKiUM  AKD  ERBIim. 
Y  =  61-7.     Eb  =  112-6. 


These  metals  exist  as  silicates  in  the  gadolinite  or  ytterbite  of  Ytterby  in 
Sweden,  and  in  a  few  other  rare  minerals.  A  third  metal,  called  terbium, 
has  also  been  supposed  to  be  associated  with  them ;  but  recent  experiments, 
especially  those  of  Bahr  and  Bunsen^f  have  thrown  very  great  doubt  upon 
its  existence. 

To  obtain  the  earths,  yttria  and  erbia,  in  the  separate  state,  gadolinite 
is  digested  with  hydrochloric  acid,  and  the  solution  separated  from  the 
silica  is  treated  with  oxalic  acid,  which  throws  down  the  oxalates  of  erbium 
and  yttrium,  together  with  those  of  calcium,  cerium,  lanthanum,  and  didy- 
mium. These  oxalates  are  converted  into  nitrates;  the  solution  is  treated 
with  excess  of  solid  potassium  sulphate,  to  separate  the  cerium  metals; 
the  erbium  and  yttrium,  which  still  remain  in  solution,  are  again  precipi- 
tated by  oxalic  acid ;  and  the  same  treatment  is  repeated,  till  the  solution 
of  tJie  mixed  earths,  when  examined  by  the  spectral  apparatus,  no  longer 
exhibits  the  absorption  bands  characteristic  of  didymium.     To  separate 

•  See  UoHT,  p.  90.  f  Ann.  Oh.  Pharm.  cxxxvli.  L 
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the  erbia  and  yttria,  thejr  are  Again  precipitated  bj  oxalic  acid.  The  oxa- 
lates are  conrerted  into  nitrates,  and  the  nitrates  of  erbium  and  yttrium 
are  separated  by  a  series  of  fractional  crystallizations,  the  erbium  salt 
being  the  less  soluble  of  the  two,  and  crystalliiing  out  first;  but  the  pro- 
cess requires  attention  to  a  number  of  details,  which  cannot  be  here  de- 
scribed.* 

Metallic  erbium  has  not  been  isolated.  Yttrium  (containing  erbium) 
wa«  obtained  by  Berzelius,  as  a  blackish-gray  powder,  by  igniting  yttrium 
chloride  with  potassium. 

Erbia,  Eb^^O,  obtained  by  ignition  of  erbium  nitrate  or  oxalate,  has  a 
fsint  rose  color.  It  does  not  melt  at  the  strongest  white  heat,  but  aggre- 
gates to  a  spongy  mass,  glowing  with  an  intense  ffreen  light,  which,  when 
examined  by  the  spectroscope,  exhibits  a  eontinuout  spectrum  intersected 
by  a  number  of  bright  bands.  Solutions  of  erbium-salts,  on  the  other 
hand,  gire  an  absorption-spectrum  exhibiting  dark  bands,  and  the  points 
of  maximum  hUentUy  of  the  light  bands  in  the  emittion'speetrum  of  glowing  erbia 
coiadde  ezttetlg  in  position  with  the  points  of  greatest  darkness  in  the  absorption" 
ipeeirum.  The  position  of  these  bands  is  totally  different  from  those  in  the 
emiaslon  and  absorption-spectra  of  didymium.f 

Erbium  salts  have  a  rose  red  color,  deeper  in  the  hydrated  than  in  the 
anhydrous  state;  they  have  an  acid  reaction  and  sweet  astringent  taste. 
The  sulphate,  SSO^EV^ .  8aq.,  forms  light  rose-colored  crystals,  isomorphous 
with  the  sulphates  of  yttrium  and  didymium. 

Vttria,  Y'^0,  is  a  soft,  nearly  white  powder,  which  when  ignited  glows 
with  a  pure  white  light,  and  yields  a  spectrum  not  containing  any  bright 
bands,  like  that  of  erbia.  It  does  not  unite  directly  with  water,  but  is 
precipitated  as  a  hydrate  by  alkalies,  from  solutions  of  yttrium-salts  It 
dissoWes  slowly  but  completely  in  hydrochloric,  nitric,  and  sulphuric  acids, 
forming  colorless  solutions,  which  do  not  exhibit  an  absorption-spectrum. 

Yttrium  sulphate,  SSO^T^^.  8aq.,  forms  small  colorless  crystals. 


Reactions  of  the  Earth-Metals, 

1.  All  these  metals  are  precipitated  from  their  solutions* by  ammonium 
sulphide,  as  hydrates,  not  as  sulphides.  They  are  not  precipitated  by 
hydrogen  sulphide. 

2.  The  hydrates  of  aluminium  and  beryllium  are  soluble  in  caustic  pot- 
Q»k;  those  of  the  other  earth-metals  are  insoluble. 

3.  Beryllium  hydrate  dissolves  in  a  cold  saturated  solution  of  ammonium 
carbonate^  and  is  precipitated,  as  carbonate,  on  boiling.  Aluminium  hydrate 
is  insoluble  in  ammonium  carbonate  (bee  further,  p.  337). 

4.  Of  the  earth-metals  whose  hydrates  are  insoluble  in  potash, — namely, 
zirconium,  thorinum,  cerium,  lanthanum,  didymium,  erbium,  and  yttrium, 
—  lirconium  and  thorinum  may  be  precipitated  as  hyposulphites  by  boiling 
the  solution  with  sodium  hyposulphite,  the  other  metals  remaining  in  solution. 
The  precipitate  when  ignited  leaves  pure  airconia  or  thorina,  or  a  mixture 
of  the  two. 

5.  Zirconium  and  thorinmn  may  be  separated  one  from  the  other  by 
means  of  ammonium  oxalate,  which,  when  added  in  excess,  precipitates  the 
thorinum  as  oxalate,  and  leaves  the  zirconium  in  solution. 

6.  Cerium,  lanthanum,  and  didymium  are  separated  from  yttrium  and 
erbium  by  adding  an  excess  of  potassium  sulphate,  which  throws  down  the 

•  8«  Watts'M  DlctionAry  of  ChnmlstiT.  vol  ▼•  p.  721. 

t  The  paper  bj  Bahr  and  Bnnson,  oboTo  rererrod  to,  is  accompaniod  by  exact  diagranw  of  the 
'rtviaa  and  didyntfnni  npectra. 
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cerium  metals,  leaving  Tttrium  and  erbium  in  eolution ;  to  insure  complete 
precipitation,  the  soluiion  must  be  left  in  contact  for  some  time  with  a 
piece  of  solid  potassium  sulphate 

Cerium  may  be  separated  from  lanthanum  and  didymium,  as  already 
observed,  by  treating  the  mixed  oxides  several  times  with  nitric  add  (p. 
840).  Another  method  is  to  boil  the  mixed  oxides  (the  cerium  beinf^  in 
the  state  of  ceroso-ceric  oxide)  with  solution  of  tal-ammomae.  The  lantfaa- 
nnm  and  didymium  then  gradually  dissolve,  as  chlorides,  while  the  cerium 
remains  as  eeroso-ceric  o^ide.  A  third  method  is  to  precipitate  the  solu- 
tion of  the  three  metals  with  excess  of  potash,  and  pass  chlorine  in  excess 
through  the  solution  and  precipitate;  the  cerium  is  then  separated  as 
bright-yellow  ceroso-ceric  hydrate,  while  the  lanthanum  and  didymium 
redissolve  as  chlorides.  This  reaction  serves  to  detect  very  small  quanti- 
ties of  cerium  mixed  with  the  other  two  metals.  Cerium  is  further  distin- 
guished by  the  light-yellow  color  of  anhydrous  ceroso-ceric  oxide,  and  by 
the  reaction  of  its  compounds  when  fused  before  the  blow-pipe  with  borax 
or  phosphorus  salt,  the  glass  thus  formed  being  deep-red  while  hot,  and 
becoming  colorless  on  cooling.  Didymium  is  distinguished  by  the  dark- 
brown  color  of  its  higher  oxide;  by  the  pale  rose-color  which  its  salts 
impart  to  a  bead  of  bonix  or  phosphorus  salt ;  and  by  the  peculiar  character 
of  its  absorption  spectrum  (p.  342). 

The  methods  of  separating  lanthanum  from  didymium,  and  yttrium  from 
erbium — imperfect  at  the  best — have  been  already  noticed. 

MANUFACTURE  OF  QLASS,  PORCELAIN,  AND  EARTIIENWA&B. 

Glass,  —  Glass  is  a  mixture  of  various  insoluble  silicates  with  excess  of 
silica,  altogether  destitute  of  crystalline  structure;  the  simple  silicates, 
formed  by  fusing  the  bases  with  silicic  acid  in  equivalent  proportions,  very 
often  crystallize,  which  happens  also  with  the  greater  number  of  the  natural 
silicates  included  among  the  earthy  minerals.  Compounds  identical  with 
some  of  these  are  also  occasionally  formed  in  artificial  processes,  where 
large  masses  of  melted  glassy  matter  are  suffered  to  cool  slowly.  The 
alkaline  silicates,  when  in  a  state  of  fusion,  have  the  power  of  dissolving 
a  large  quantity  of  silica. 

Two  principal  varieties  of  glass  are  met  with  in  commerce — namely, 
glass  composed  of  silica,  alkali,  and  lime,  and  glass  containing  a  large 
proportion  of  lead  silicate ;  crown  and  plate  glass  belong  to  the  former  di- 
vision ;  flint  fflasSf  and  the  material  of  artificial  gems,  to  the  latter.  The 
lead  promotes  fusibility,  and  confers  also  density  and  lustre.  Common 
green  bottle-glass  contains  no  lead,  but  much  silicate  of  iron,  derived  from 
the  impure  materials.  The  principle  of  the  glass  manufacture  is  very  sim- 
ple. Silica,  in  the  shape  of  sand,  is' heated  with  potassium  or  sodium  car- 
bonate, and  slaked  lime  or  lead  oxide ;  at  a  high  temperature,  fusion  and 
combination  occur,  and  the  carbonic  acid  is  expelled.  Glauber's  salt  mixed 
with  charcoal  is  sometimes  substituted  for  soda.  When  the  melted  mass 
has  become  perfectly  clear  and  free  from  air-bubbles,  it  is  left  to  cool  until 
it  assumes  the  peculiar  tenacious  condition  proper  for  working. 

The  operation  of  fusion  is  conducted  in  large  crucibles  of  refractory 
fire-clay,  which  in  the  case  of  lead-glass  are  covered  by  a  dome  at  the  top, 
and  have  an  opening  at  the  side,  by  which  the  materials  are  introduced, 
and  the  melted  glass  withdrawn.  Great  care  is  exercised  in  the  choice  of 
the  sand,  which  must  be  quite  white  and  free  from  iron  oxide.  Red  lead, 
one  of  the  higher  oxides,  is  preferred  to  litharge,  although  immediately 
reduced  to  monoxide  by  the  heat,  the  liberated  oxygen  serving  to  destroy 
any  combustible  matter  that  might  accidentally  find  its  way  into  the  crucible, 
and  stain  the  glass  by  reducing  a  portion  of  the  lead.    Potash  gives  a  better 
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glass  than  soda,  although  the  latter  is  very  generally  employed,  from  its 
lower  price.  A  cert-ain  proportion  of  broken  and  waste  glass  of  the  same 
kind  is  always  added  to  the  other  materials. 

Articles  of  blown  glass  are  thus  made :  The  workman  begins  by  collecting 
a  proper  quantity  of  soft  pasty  glass  at  the  end  of  his  blowpipe^  an  iron 
tube  five  or  six  feet  in  length,  terminated  by  a  mouthpiece  of  wood ;  he 
then  begins  blowing,  by  which  the  lump  is  expanded  into  a  kind  of  flask, 
susceptible  of  having  its  form  modified  by  the  position  in  which  it  is  held, 
and  the  Telocity  of  rotation  continually  given  to  the  iron  tube.  If  an  open- 
mouthed  vessel  is  to  be  made,  an  iron  rod,  called  a  pontil  or  puntil,  is  dipped 
into  the  glass  pot  and  applied  to  the  bottom  of  the  flask,  to  which  it  thus 
fierves  as  a  handle,  the  blowpipe  bein^  removed  by  the  application  of  a 
cold  iron  to  the  fleck.  The  vessel  is  then  re-heated  at  a  hole  left  for  the 
purpose  in  the  wall  of  the  furnace,  and  the  aperture  enlarged,  and  the 
vessel  otherwise  altered  in  figure  by  the  aid  of  a  few  simple  tools,  until 
completed.  It  is  then  detached,  and  carried  to  the  annealing  oven,  where 
it  undergoes  slow  and  gradual  cooling  during  many  hours,  the  object  of 
which  is  to  obviate  the  excessive  brittleness  always  exhibited  by  glass  which 
has  been  quickly  cooled.  The  large  circular  tables  of  crown  glass  are  made  by 
a  very  curious  process  of  this  kind :  the  globular  flask  at  first  produced, 
transferred  from  the  blowpipe  to  the  pontil,  is  suddenly  made  to  assume 
the  form  of  a  flat  disc  by  the  centrifugal  force  of  the  rapid  rotatory  move- 
ment given  to  the  rod.  Plate  glass  is  cast  upon  a  flat  metal  table,  and,  after 
very  careful  annealing,  ground  true  and  polished  by  suitable  machinery. 
Tubes  are  made  by  rapidly  drawing  out  a  hollow  cylinder ;  and  from  these 
a  great  variety  of  useful  small  apparatus  may  be  constructed  with  the  help 
of  a  lamp  and  blowpipe,  or,  still  better,  the  bellows-table  of  the  barometer- 
maker.  Small  tubes  may  be  bent  in  the  flame  of  a  spirit-lamp  or  gas  jet, 
and  cut  with  great  ease  by  a  file,  a  scratch  being  made,  and  the  two  por- 
tions pulled  or  broken  asunder  in  a  way  easily  learned  by  a  few  trials. 

Specimens  of  the  two  chief  varieties  of  glass  gave  the  following  results 
on  analysis : 


BohMnlMB  pUte  glam  (excellent).* 

SUica  .         .         .     60*0 

Potassium  oxide     .         25*0 
Lime  .        .        .     12*6 


97-6 


English  flint  glaaB.t 
Silica        .        .        .     5193 
Potassium  oxide   .  Vd'17 

Lead  oxide        .         .     83-28 


98-98 


The  difficultly  fusible  white  Bohemian  tube,  so  valuable  in  organic  analysis^ 
has  been  found  to  contain,  in  100  parts : 

Silica 72-80 

Lime,  with  trace  of  alumina        .  9-C8 

Magnesia -40 

Potassium  oxide 16-80 

Traces  of  manganese,  &c.,  and  loss        .        .  -32 

Different  colors  are  often  communicated  to  glass  by  metallic  oxides. 
Thus,  oxide  of  cobalt  gives  deep  blue ;  oxide  of  manganese,  amethyst ; 
cuprous  oxide,  ruby-red ;  cupric  oxide,  green ;  the  oxides  of  iron,  dull  green 
or  brown,  &c.  These  are  either  added  to  the  melted  contents  of  the  glnss- 
pot,  in  which  they  dissolve,  or  applied  in  a  particular  manner  to  the  surface 
of  the  plate  or  other  object,  which  is  then  reheated,  until  fusion  of  the 
coloring  matter  occurs :  such  is  the  practice  of  enamelling  and  glass-paint- 


•  Mltscherllch,  Lehrbach,  li.  187. 
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ing.     An  opaque  white  appearance  is  given  by  oxide  of  tin;  the  enanel 
of  watch-faces  is  thus  prepared. 

When  silica  is  melted  with  twice  its  weight  of  potassium  or  sodium  ear- 
boiiate,  and  the  product  treated  with  water,  the  greater  part  diasolvea,  yield- 
ing a  solution  from  which  acids  precipitate  gelatinous  silica.  This  ia  4he 
soluble  glast  of  Professor  Fuofas:  its  solution  has  been  used  for  rendering 
muslin  and  other  fabrics  of  cotton  or  linen  less  combustible,  for  making 
artificial  stone,  and  preserving  natural  stone  from  decay,  and  for  a  peculiar 
style  of  mural  painting  called  stereoehromjif.* 

Porcelain  and  Earthenware,  —  The  plasticity  of  natural  clays,  and  their 
hardening  when  exposed  to  heat,  are  properties  which  suggested  in  very 
early  times  their  application  to  the  making  of  vessels  for  the  various  pur- 
poses of  daily  life :  there  are  few  branches  of  industry  of  higher  antiquity 
than  that  exercised  by  the  potter. 

True  porcelain  is  distinguished  from  earthenware  by  very  obvious  char- 
acters. In  porcelain  the  body  of  the  ware  is  very  compact  and  translucent, 
and  breaks  with  a  conchoidnl  fracture,  symptomatic  of  a  commeDcement  of 
fusion.  The  glaze,  too,  applied  for  giving  a  perfectly  smooth  surface,  is 
closely  adherent,  and,  in  fact,  graduates  by  insensible  degrees  into  the  sub- 
stance of  the  body.  In  earthenware,  on  the  contrary,  the  fracture  is  open 
and  earthy,  and  the  glaxe  detachable  with  greater  or  less  fkciliiy.  The 
compact  and  partly  glassy  character  of  porcelain  is  the  result  of  the  admix- 
ture with  the  clay  of  a  small  portion  of  some  substance  which  is  fusible  at 
the  temperature  to  which  the  ware  is  exposed  when  baked  or  fired,  and 
being  absorbed  by  the  more  infusible  portion,  binds  the  whole  into  a  solid 
mass  on  cooling:  such  substances  are  found  in  felspar,  and  in  a  small 
admixture  of  calcic  or  alkaline  silicate.  The  clay  employed  in  porcelain- 
making  is  always  directly  derived  from  decomposed  felspar,  none  of  the 
clays  of  the  secondary  strata  being  pure  enough  for  the  purpose:  it  must 
be  white,  and  free  from  iron  oxide.  To  diminish  the  contraction  which  this 
substance  undergoes  in  the  fire,  a  quantity  of  finely  divided  silica,  carefiilly 
prepared  by  crushing  and  grinding  calcined  flints  or  chert,  is  added, 
together  with  a  proper  proportion  of  felspar  or  other  fusible  material,  abo 
reduced  to  impalpable  powder.  The  utmost  pains  are  taken  to  effect  per- 
fect uniformity  of  mixture,  and  to  avoid  the  introduction  of  particles  of 
grit,  or  other  foreign  bodies.  The  ware  itself  is  fashioned  either  on  the 
potter's  wheel — a  kind  of  vertical  lathe — or  in  moulds  of  plaster  of  Paris, 
and  dried  first  in  the  air,  afterwards  by  artificial  heat,  and  at  length  com- 
pletely hardened  by  exposure  to  the  temperature  of  ignition.  The  porous 
biscuit  is  now  fit  to  receive  its  glaze,  which  may  be  either  ground  felspar,  or 
a  mixture  of  gypsum,  silica,  and  a  little  porcelain  clay,  diffused  through 
water.  The  piece  is  dipped  for  a  moment  into  this  mixture,  and  withdrawn : 
the  water  sinks  into  its  substance,  and  the  powder  remains  evenly  spread 
upon  its  surface ;  it  is  once  more  dried,  and,  lastly,  fired  at  an  exceedingly 
high  temperature. 

The  porcelain -furnace  is  a  circular  structure  of  masonry,  having  several 
fireplaces,  and  surmounted  by  a  lofty  dome.  Dry  wood  or  coal  is  con- 
sumed as  fuel,  and  its  flame  directed  into  the  interior,  and  made  to  circu- 
late around  and  among  the  earthen  cases,  or  segifars^  in  which  the  articles 
to  be  fired  are  packed.  Many  hours  are  required  for  this  operation,  which 
must  be  very  carefully  managed.  After  the  lapse  of  several  days,  when 
the  furnace  has  completely  cooled,  the  contents  are  removed  in  a  finished 
state,  so  far  as  regards  the  ware. 

The  ornamental  part,  consisting  of  gilding  and  painting  in  enamel,  has 
yet  to  bo  executed ;  after  which  the  pieces  are  again  heated,  in  order  to  flux 
tho  colors.     The  operation  has  sometimes  to  be  repeated  more  than  once. 

*  Bee  RIchardaon  and  W»tta>  Ohemlcal  Technology,  rol.  i.  p«rt  It.  pp.  eO-10&. 
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The  manufacture  of  porcelain  in  Europe  is  of  modern  origin :  the  Chi- 
nese haye  poaseased  the  art  from  the  commencement  of  the  seventh  century, 
and  their  ware  is,  in  some  rei^pects,  altogether  unequalled.  The  materials 
employed  by  them  are  known  to  be  kaolin,  or  decomposed  felspar;  petuntze, 
or  quartz  reduoed  to  fine  powder ;  and  the  ashes  of  fern,  which  contain 
potassium  carbonate. 

Stoneware.  —  This  is  a  coarse  kind  of  porcelain,  made  from  clay  contain- 
ing oxide  of  iron  and  a  little  lime,  to  which  it  owes  its  partial  fusibility. 
The  glazing  is  performed  by  throwing  common  salt  into  the  heated  furnace: 
this  ifl  Tolatilised,  and  decomposed  by  the  joint  agency  of  the  silica  of  the 
ware  and  of  the  Tapor  of  water  always  present ;  hydrochloric  acid  and  soda 
are  produced,  the  latter  forming  a  silicate,  which  fuses  over  the  surface  of 
the  ware,  and  gives  a  thin,  but  excellent  glaze. 

Earthenvare.  —  The  finest  kind  of  earthenware  is  made  from  a  white  sec- 
ondary clay,  mixed  with  a  considerable  quantity  of  silica.  The  articles  are 
thoroughly  dried  and  fired;  after  which  they  are  dipped  into  a  readily 
fusible  glaze  mixture,  of  which'  lead  oxide  is  usually  an  important  ingpre- 
dient,  and,  when  dry,  re-beated  to  the  point  of  fusion  of  the  latter.  The 
whole  process  is  much  easier  of  execution  than  the  making  of  porcelain, 
snd  demands  less  care.  The  ornamental  designs  in  blue  and  other  colors, 
80  common  upon  plates  and  household  articles,  are  printed  upon  paper  in 
enamel  pigment  mixed  with  oil,  and  transferred,  while  still  wet,  to  the 
onglazed  ware.  'When  the  ink  becomes  dry,  the  paper  is  washed  off,  and 
the  glazing  completed. 

The  coarser  kinds  of  earthenware  are  sometimes  covered  with  a  whitish 
opaque  glaze,  which  contains  the  oxides  of  lead  and  tin ;  such  glaze  is  very 
liable  to  be  attacked  by  acids,  and  is  dangerous  for  culinary  vessels. 

Crucibles,  when  of  good  quality,  are  very  valuable  to  the  practical 
chemist.  They  are  made  of  clay  free  from  lime,  mixed  with  sand  or 
ground  ware  of  the  same  description.  The  Hessian  and  Cornish  crucibles 
are  among  the  best.  Sometimes  a  mixture  of  plumbago  and  clay  is  em- 
ployed for  the  same  purpose ;  and  powdered  coke  has  been  also  used  with 
the  earth :  such  crucibles  bear  rapid  changes  of  temperature  with  impunity. 


GROUP  III. 

XAGirSSITm. 
Atomic  weight,  24.     Symbol,  Mg. 

This  metal  was  formerly  classed  with  the  metals  of  the  alkaline  earths, 
but  it  is  much  more  nearly  related  to  zinc  by  its  properties  in  the  free 
state,  as  well  as  by  the  volatility  of  its  chloride,  the  solubility  of  its  sul- 
phate, and  the  isomorphism  of  several  of  its  compounds  with  the  analo- 
gously constitnted  compounds  of  zinc. 

Magnesium  occurs  in  the  mineral  kingdom  as  hydrate,  carbonate,  borate, 
phosphate,  sulphate,  and  nitrate,  sometimes  in  the  solid  state,  sometimes 
dissolved  in  mineral  waters :  magnesian  limestone,  or  dolomite,  which  forms 
entire  mountain  masses,  is  a  carbonate  of  magnesium  and  calcium.  Magne- 
Bium  also  occurs  as  silicate,  combined  with  other  silicates,  in  a  variety  of 
i&inerals,  as  steatite,  hornblende,  augite,  talc,  &c. ;  also  as  aluminate  in 
spinelle  and  seilanite.  It  likewise  occurs  in  the  bodies  of  plants  and  ani- 
mals, chiefly  as  carbonate  and  phosphate,  and  in  combination  with  organic 
acids. 

Metallic  magnesium  is  prepared : 

1.  By  the  electrolysis  of  fused  magnesium  chloride,  or,  better,  of  a  mix- 
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ture  of  4  molecules  of  magnesium  chloride  and  8  molecules  of  poimsatam 
chloride  with  a  small  quantity  of  sal-ammoniac .  A  convenient  way  of 
effecting  the  reduction  is  to  fuse  the  mixture  in  a  common  clay  tobacco-pipe 
over  an  Argand  spirit-lamp  or  gas-burner,  the  negative  pole  being  an  iron 
wire  passed  up  the  pipe-stem,  and  the  positive  pole  a  piece  of  gas-coke, 
just  touching  the  surface  of  the  fused  chlorides.  On  passing  the  current 
of  a  battery  of  ten  Buusen's  cells  through  the  arrangement,  the  magnesium 
collects  round  the  extremity  of  the  iron  wire  (Matthiessen). 

2.  Magnesium  may  be  prepared  in  much  larger  quantity  by  reducing 
magnesium  chloride,  or  the  double  chloride  of  magnesium  and  sodium  or 
potassium,  with  metallic  sodium.  The  double  chloride  is  prepared  by  dis- 
solving magnesium  carbonate  in  hydrochloric  acid,  adding  an  equivalent 
quantity  of  sodium  or  potassium  chloride,  evaporating  to  dryness,  and 
fusing  the  residue.  This  product,  heated  with  sodium  in  a  wrought-iron 
crucibl6,  yields  metallic  magnesium,  containing  certain  impurities,  from 
which  it  may  be  freed  by  distillation.  This  process  is  now  carried  out  on 
the  manufacturing  scale,  and  the  magnesium  is  drawn  out  into  wire  or 
formed  into  riband  for  burning.* 

Magnesium  is  a  brilliant  metal,  almost  as  white  as  silver,  somewhat  more 
brittle  at  common  temperatures,  but  malleable  at  a  heat  a  little  below  red- 
ness. Its  specific  gravity  is  1-74.  It  melts  at  a  red  heat,  and  volatiliies  at 
nearly  the  same  temperature  as  zinc.  It  retains  its  lustre  in  dry  air,  but  in 
moist  air  it  becomes  covered  with  a  crust  of  magnesia. 

Magnesium  in  the  form  of  wire  or  riband  takes  fire  at  a  red  heat,  burning 
with  a  daxzling  bluish-white  light.  The  flame  of  a  candle  or  spirit-lamp 
is  suflicient  to  inflame  it,  but  to  insure  continuous  combustion  the  metal 
must  be  kept  in  contact  with  the  flame.  For  this  purpose  lamps  are  con- 
structed, provided  with  a  mechanism  which  continually  pushes  three  or 
more  magnesium  wires  into  a  small  spirit-flame. 

The  magnesium  flame  produces  a  continuous  spectrum,  containing  a  very 
large  proportion  of  the  more  refrangible  rays:  hence  it  is  well  adapted  for 
photography,  and  has,  indeed,  been  used  for  taking  photographs,  in  the 
absence  of  the  sun,  or  in  places  where  sunlight  cannot  penetrate,  as  in 
caves  or  subterranean  apartments. 

Maqnesivm  Chlobidk,  MgCl,.  —  When  magnesia,  or  its  carbonate,  is 
dissolved  in  hydrochloric  acid,  magnesium  chloride  and  water  are  produced; 
but  when  this  solution  is  evaporated  to  dryness,  the  last  portions  of  water 
are  retained  with  such  obstinacy,  that  decomposition  of  the  water  is  brought 
about  by  the  concurring  attractions  of  magnesium  for  oxygen,  and  of  chlor- 
ine for  hydrogen;  hydrochloric  acid  is  expelled,  and  magnesia  remains. 
If,  however,  sal-ammoniac,  potassium  chloride,  or  sodium  chloride  is  present, 
a  double  salt  is  produced,  which  is  easily  rendered  anhydrous.  The  best 
mode  of  preparing  the  chloride  is  to  divide  a  quantity  of  hydrochloric  acid 
into  two  equal  portions,  to  neutralize  one  with  magnesia,  and  the  other 
with  ammonia,  or  carbonate  of  amm'onia:  to  mix  these  solutions,  evaporate 
them  to  dryness,  and  then  expose  the  salt  to  a  red  heat  in  a  loosely  covered 
porcelain  crucible.  Sal-ammoniac  sublimes,  and  magnesium  chloride  in  a 
fused  state  remains;  the  latter  is  poured  out  upon  a  clean  stone,  and  when 
cold  transferred  to  a  well  stopped  bottle. 

The  chloride  so  obtained  is  white  and  crystalline.  It  is  very  deliquescent 
and  highly  soluble  in  water,  from  which  it  cannot  again  be  recovered  by 
evaporation,  for  the  rea.«ons  just  mentioned.  When  long  exposed  to  the 
air  in  a  melted  state,  it  is  converted  into  magnesia.  It  is  soluble  in 
alcohol. 

*  For  detail!  of  the  manufiictiarlngprocen,  tee  Richardson  aad  Watts't  Caienaieal  Technology, 
vol.  i.  pt.  T.  pp.  836-39V. 
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MAoirsaiirM  Oxidb,  or  Magnesia,  MgO.  —  This  oxide  is  easily  prepared 
by  exposing  the  magnesia  alba  of  pharmacy^  which  is  a  hydro-carbonate,  to 
A  fall  red  heat  in  an  earthen  or  platinum  crucible.  It  forms  a  soft,  white 
powder,  which  slowly  attracts  moisture  and  carbonic  acid  from  the  air,  and 
unites  quietly  with  water  to  a  hydrate  which  possesses  a  feeble  degree  of 
solubility,  requiring  about  5000  parts  of  water  at  15.6°  and  86,000  parts  at 
100°.  The  alkalinity  of  magnesia  can  only  be  observed  by  placing  a  small 
portion  in  a  moistened  state  upon  test-paper ;  it  neutraliies  acids,  however, 
in  the  most  complete  manner.     It  is  infusible. 

Magnesium  sulphide  is  formed  by  passing  vapor  of  carbon  sulphide  over 
magnesia,  in  capsules  of  coke,  at  a  strong  red  heat. 

Maokeriuii  Svlphats;  E^som  Salt;  SO^Mg.TOH,.  —  This  salt  occurs 
in  sea-water,  and  in  that  of  many  mineral  springs,  and  is  now  manufac- 
tured in  large  quantities  by  acting  on  magnestan  limestone  with  dilute  sul- 
phuric acid,  and  separating  the  magnesium  sulphate  from  the  greater  part 
of  the  slightly  soluble  calcium  sulphate  by  filtration.  The  crystals  are  do- 
med from  a  right  rhombic  prism ;  they  are  soluble  in  an  equal  weight  of 
water  at  15*5^,  and  in  a  still  smaller  quantity  at  100**.  The  salt  has  a 
nauseous  bitter  taste,  and,  like  many  other  neutral  salts,  possesses  pur- 
gative properties.  When  it  is  exposed  to  heat,  6  molecules  of  water 
readily  pass  off,  the  seventh  being  energetically  retained.  Magnesium  sul- 
phate forms  beautiful  double  salts  with  the  sulphates  of  potassium  and 
ammonium,  which  contain  6  molecules  of  crystallization-water,  their  for- 
mulas being  (SOJ,Mg'''Ka.  60H,.  and  (S04)3Mg^''(NH4),.  ttOH,.  These  salts 
are  isomorphous,  and  form  monoclinio  crystals. 

Magsbbium  Cabbonatb.  —  The  neutral  earbonale,  CO^Mg  or  CO^-MgO,  oc- 
cure  native  in  rhombohedral  crystals,  resembling  those  of  calc-spar,  im- 
bedded in  talc  slate :  a  soft  earthy  variety  is  sometimes  met  with. 

When  magnesia  alba  is  dissolved  in  aqueous  carbonic  acid,  and  the  solu- 
tion left  to  evaporate  spontaneously,  small  prismatic  crystals  are  deposited, 
consisting  of  trihydrated  magnesium  carbonate,  CO^Mg.  80  H,. 

The  magnesia  alba  itself,  although  often  called  carbonate  of  magnesium, 
is  not  so  iu  reality ;  it  is  a  compound  of  carbonate  with  hydrate.  It  is 
prepared  by  mixing  hot  solutions  of  potassium  or  sodium  carbonate  and 
magnesium  sulphate,  the  latter  being  kept  in  slight  excess,  boiling  the 
whole  a  few  minutes,  during  which  time  much  carbonic  acid  is  disengaged, 
and  well  washing  the  precipitate  so  produced.  If  the  solution  b'e  very 
dilute,  the  magnesia  alba  is  exceedingly  light  and  bulky ;  if  otherwise,  it  is 
denser.  The  composition  of  this  precipitate  is  not  perfectly  constant.  In 
most  cases  it  contains  4G0,Mg.MgH,0,.  60H,. 

Magnesia  alba  is  slightly  soluble  in  water,  especially  when  cold. 

M.voNKSiuH  Phosphate,  PO^Mg^^H .  TOH^  — This  salt  separates  in  small 
colorless  prismatic  crystals  when  solutions  of  sodium  phosphate  and  mag- 
nesium sulphate  are  mixed  and  suffered  to  stand  for  some  time.  According 
to  Graham,  it  is  soluble  in  about  1000  parts  of  cold  water.  Magnesium 
phosphate  exists  in  the  grain  of  the  cereals,  and  can  be  detected  in  con- 
siderable quantity  in  beer. 

Maokbsixjm  and  Ammonium  Phosphatb,  P04Mg'^(NH4) .  60H,. — When 
ammonia  or  its  carbonate  is  mixed  with  a  magnesium  salt,  and  a  soluble 
phosphate  is  added,  a  crystalline  precipitate  having  the  above  composition, 
subsides,  immediately  if  the  solutions  are  concentrated,  and  after  some 
Ume  if  very  dilute :  in  the  latter  case,  the  precipitation  is  promoted  by 
Atirring.     This  salt  is  slightly  soluble  in  pure  water,  but  nearly  insoluble 
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in  saline  and  ammoniaoal  liquids.  When  heated,  it  gives  off  water  and 
ammonia,  and  is  converted  into  magneMium  pyropho^kate^  P^O^Mg,: 

2P04Mg(NHJ  =  P,0,Mg,  -f  OH,    -f     2NH,. 

At  a  8trong*red-heat  it  fuses  to  a  white  enamel-like  mass.  Magnesium  and 
ammonium  phosphate  sometimes  form  a  urinary  calculus,  and  oeeor  also 
in  guano. 

In  practical  analysis,  magnesium  is  often  separated  from  solutions  bj 
bringing  it  into  this  state.  The  liquid,  free  from  alumina,  lime,  hc„  is 
mixed  with  sodium  phosphate  and  excess  of  ammonia,  and  gently  heated 
for  a  short  time.  The  precipitate  is  collected  upon  a  filter  and  thoroughly 
washed  with  water  containing  a  little  ammonia,  after  which  it  is  dried,  ig- 
nited to  redness,  and  weighed.  The  proportfon  of  magnesia  is  then  easiljr 
calculated. 

Maonbsium  Silicates.  —  The  following  natural  compounds  belong  to  this 
class :  Chrysolite,  8i04Mg,  =  SiO,.2MgO,  a  crystalliied  mineitd,  sometimes 
employed  lor  ornamental  purposes:  a  portion  of  the  magneliia  is  commonly 
replaced  by  ferrous  oxide,  which  communicates  a  green  color.  MetrMckamK. 
2Si03Mg.Si02  =  8Si02.2MgO,  a  soft,  sectile  mineral,  from  which  pipe-bowii 
are  made.  J'alCf  4SiO,Mg.8i(),.  |  aq.  (called  MteaiiU  when  massiTe),  is  a  ^oft, 
white  sectile,  transparent  or  translucent  mineral,  used  as  fire-stones  for 
furnaces  and  stoves,  and  in  thin  plates  for  glazing  lanterns,  &c. ;  also  in 
the  state  of  powder  for  diminishing  friction.  Soapstone,  also  called  steatite, 
is  a  silicate  of  magnesium  and  aluminium  of  somewhat  variable  composition. 
Serpentine  is  a  combination  of  silicate  and  hydrate  of  magnesium.  J^atky  an 
exceedingly  hard  stone,  brought  from  New  Zealand,  is  a  silicate  of  magne 
slum  and  aluminium:  its  green  color  is  due  to  chromium.  AuffOe  and  Aom- 
blende  are  essentially  double  salts  of  silicic  acid,  magnesia,  and  lime,  in 
which  the  magnesia  is  more  or  less  replaced  by  its  isomorphous  substitute, 
ferrous  oxide. 


Magnesium  salts  are  isomorphous  with  sine  salts,  ferrous  salts,  cupric 
salts,  cobalt  salts,  and  nickel  salts,  &c. ;  they  are  usually  colorless,  and  are 
easily  recognized  by  the  following  characters:  — A  gelatinous  white  preci- 
pitate with  caustic  alkalies,  including  ammonia,  insoluble  in  excess,  but 
soluble  in  solution  of  sal-ammoniac.  A  white  precipitate  with  potatsum 
and  sodium  carbonates,  but  none  with  ammonium  carbonate  in  the  cold.  A 
white  crystalline  precipitate  with  soluble  phosphates,  on  the  addition  of  a 
little  ammonia. 


znrc. 

Atomic  weight,  C5.     Symbol,  Zn. 

Zinc  is  a  somewhat  abundant  metal :  it  is  found  in  the  state  of  carbonate, 
silicate,  and  sulphide,  associated  with  lead  ores  in  many  districts,  both  io 
Britain  and  on  the  Continent ;  large  supplies  are  obtained  from  Silesia,  and 
from  the  neighborhood  of  Aachen.  The  native  carbonate,  or  calamine^  is 
the  most  valuable  of  the  sine  ores,  and  is  preferred  for  the  extraction  of 
the  metal:  it  is  first  roasted  to  expel  water  and  carbonic  acid,  then  mixed 
with  fragments  of  coke  or  charcoal,  and  distilled  at  a  full  red  heat  in  ». 
large  earthen  retort;  carbon  monoxide  escapes,  while  the  reduced  meU\ 
volatilizes  and  is  condensed  by  suitable  means,  generally  with  minute  quan- 
tities of  arsenic. 
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Zinc  18  a  blnish -white  meUl,  which  slowly  tarDishes  in  the  air;  it  has  a 
lamellar*  crystalline  structure,  a  density  varying  from  6-8  to  7*2,  and  is, 
under  ordinary  oircumstances,  brittle.  Between  120°  and  150°  C.  (248° — 
300°  F. )  it  is,  on  the  contrary,  malleable,  and  may  be  rolled  or  hammered 
without  danger  of  fracture;  and,  what  is  very  remarkable,  after  such 
treatment,  it  retains  its  malleability  when  cold ;  the  sheet-iinc  of  commerce 
is  thus  made.  At  210°  C.  (410°  F.)  it  is  so  brittle  that  it  may  be  reduced 
to  powder  At  412°  C.  (7i3°  F.)  it  melts:  at  a  bright  red  heat  it  boils 
and  Tolatilisea,  and,  if  air  be  admitted,  burns  with  a  splendid  greenish 
light,  generating  the  oxide.  Dilute  acids  dissoWe  line  very  readily :  it  is 
constantly  employed  in  this  manner  for  preparing  hydrogen  gas. 

Zinc  is  a  dyad  metal,  forming  only  one  class  of  compounds. 

ZiKc  Chlobidb,  ZnCly  may  be  prepared  by  heating  metallic  sine  in 
chlorine:  by  distilling  a  mixture  of  zinc  filings  and  corrosive  sublimate; 
or,  more  easily,  by  dissolving  zinc  in  hydrochloric  acid.  It  is  a  nearly 
white,  trans] Qcent,  fusible  substance,  very  soluble  in  water  and  alcohol, 
and  very  deliquescent  A  strong  solution  of  line  chloride  is  sometimes 
Qsed  as  a  bath  for  obtaining  a  graduated  heat  above  100°.  Zinc  chloride 
unites  with  sal-ammoniac  and  potassium  chloride  to  double  salts:  the 
former  of  these,  made  by  dissolving  zinc  in  hydrochloric  acid,  and  then 
adding  an  equivalent  quantity  of  sal-ammoniac,  is  very  useful  in  tinning 
and  soft-soldering  copper  and  iron. 

Zixc  OxiDK,  ZnO,  is  a  strong  base,  forming  salts  isomorphous  with  the 
magnesium  salts.  It  is  prepared  either  by  burning  zinc  in  atmospheric 
air,  or  by  heating  the  carbonate  to  redness.  Zinc  oxide  is  a  white,  taste- 
less powder,  insoluble  in  water,  but  freely  dissolved  by  acids.  When  heated 
it  is  yellow,  but  turns  white  again  on  cooling.  It  is  getting  into  use  as  a 
substitute  for  white  lead.  To  prepare  zinc-white  on  a  large  scale,  metallic 
line  is  volatilized  in  large  earthen  mu£Bes,  whence  the  zinc  vapor  passes 
into  a  small  receiver  (guiriie)^  where  it  comes  in  contact  with  a  current  of 
air  and  is  oxidized.  The  zinc  oxide  thus  formed  passes  immediately  into 
a  condensing  chamber  divided  into  several  compartments  by  cloths  sus- 
pended within  it. 

Zufc  SuLPHATB,  SOfZn.TOH,,  commonly  called  white  vitriol, — This  salt 
is  hardly  to  be  distinguished  by  the  eye  from  magnesium  sulphate :  it  is 
prepared  either  by  dissolving  the  metal  in  dilute  sulphuric  acid,  or,  more 
economically,  by  roasting  the.  native  sulphide,  or  blende^  which,  by  absorp- 
tion of  oxygen,  becomes  in  great  part  converted  into  sulphate.  The  altered 
mineral  is  thrown  hot  into  water,  and  the  salt  obtained  by  evaporating  the 
clear  solution.  Zinc  sulphate  has  an  astringent  metallic  taste,  and  is  us^d 
in  medicine  as  an  emetic.  The  crystals  dissolve  in  2^  parts  of  cold,  and  in 
z  much  smaller  quantity  of  hot  water.  Crystals  containing  6  molecules  of 
water  have  been  observed.  Zinc  sulphate  forms  double  salts  with  the  sul- 
phates of  potassium  and  ammonium,  namely,  (S0.)^nK2.  60H^  and  (SO^), 
Zn(XH4)2.60Hy  isomorphous  with  the  corresponding  magnesium  salts. 

Zi!ic  Carbonate,  CO,Zn,  is  found  native ;  the  white  precipitate  obtained 
by  mixing  solutions  of  zinc  and  of  alkaline  carbonates,  is  a  combination  of 
carbonate  and  hydrate.     When  heated  to  redness,  it  yields  pure  zinc  oxide. 

Zixc  Sulphide,  ZnS,  occurs  native  as  blende,  in  regular  tetrahedrons, 
dodecahedrons,  and  other  monometric  forms,  and  of  various  colors,  from 
^hite  or  yellow  to  brown  or  black,  according  to  its  degree  of  purity :  it  is 
a  Ttloable  ore  of  zinc.  A  variety  called  bUick  jack  occurs  somewhat  abun- 
dantly in  Derbyshire,  Cumberland,  and  Cornwall.    A  hydraUd  ndphide,  ZnS. 
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OH,,  is  obtained  as  a  white  preeipit4atte  on  adding  an  alkaline  sulphide  to 
the  solution  of  a  zino  salt. 


Zinc  salts  ^re  distinguished  by  the  following  characters :  —  Caustic  potash 
and  noda  give  a  white  precipitate  of  hydrate,  freely  soluble  in  excess  of 
alkali.  Ammonia  behayes  in  the  same  manner;  an  excess  redissolTcs  the 
precipitate  instantly.  FotoMsium  and  sodium  carbonates  give  white  precipi- 
tates, insoluble  in  excess.  Ammonium  carbonate  gives  also  a  white  precipi- 
tate, which  is  redissolved  by  an  excess.  Potassium  ferroeyanide  gives  a  white 
precipitate.  Hydrogen  sulphide  causes  no  change  in  zinc  solutions  containing 
free  mineral  acids:  but  in  neutral  solutions,  or  with  zinc  salts  of  organic 
acids,  such  as  the  acetate,  a  white  precipitate  is  formed.  Anunonium  sul- 
phide throws  down  white  sulphide  of  zinc,  insoluble  in  caustic  alkalies. 
The  formation  of  this  precipitate  in  a  solution  containing  excess  of  caustic 
alkali,  serves  to  distinguish  zinc  from  all  other  metals. 

All  zinc  compounds,  heated  on  charcoal  with  sodium  carbonate  in  the 
inner  blowpipe  flame,  give  an  incrustation  of  zinc  oxide,  which  is  yellow 
while  hot,  but  becomes  white  in  cooling.  If  this  incrustation  be  moistened 
with  a  dilute  solution  of  cobalt  nitrate,  and  strongly  heated  in  the  outer 
flame,  a  fine  green  color  is  produced. 


The  applications  of  metallic  zinc  to  the  purposes  of  roofing,  the  con- 
struction of  water-channels,  &c.,  are  well  known ;  it  is  sufficiently  durable-, 
but  inferior  in  this  respect  to  copper.  It  is  much  used  also  for  protecting 
iron  and  copper  from  oxidation  when  immersed  in  saline  solutions,  such  as 
sea-water,  or  exposed  to  damp  air.  This  it  does  by  forming  an  electric 
circuit,  in  which  it  acts  as  the  positive  or  more  oxidable  metal  (p.  241^). 
Galvanized  iron  consists  of  iron  having  its  surface  coated  with  zinc. 


CADMIUM. 
Atomic  weight,  112.     Symbol,  Cd. 

This  metal  was  discovered  in  1817  by  Stromeyer,  and  by  Hermann:  it 
accompanies  the  ores  of  zinc,  especially  those  occurring  in  Silesia,  and, 
being  more  volatile  than  that  substance,  rises  first  in  vapor  when  the  cala- 
mine is  subjected  to  distillation  with  charcoal.  Cadmium  resembles  tin  in 
color,  but  is  somewhat  harder :  it  is  very  malleable,  has  a  density  of  8*7, 
melts  below  260°  C.  (500°  F.),  and  is  nearly  as  volatile  as  mercury.  It 
tarnishes  but  little  in  the  air,  but,  when  strongly  heated,  burns.  Dilute 
sulphuric  and  hydrochloric  acids  act  but  little  on  this  metal  in  the  cold ; 
nitric  acid  is  its  best  solvent. 

The  observed  vapor-density  of  cadmium  is  8*94  compared  with  air  as 
unity,  or  56-3  compared  with  hydrogen,  which  latter  number  does  not  differ 
greatly  from  the  half  of  112.  the  atomic  weight  of  the  metal:  hence  it  ap- 
pears that  the  alom  of  cadmium  in  the  state  of  vapor  occupies  twice  the 
space  of  an  atom  of  hydrogen  (see  p.  229). 

Cadmium,  like  zinc,  is  dyadic,  and  forms  but  one  series  of  compounds. 

Cadmium  Oxidk,  CdO. — This  oxide  may  be  prepared  by  igniting  either 
the  carbonate  or  the  nitrate:  in  the  former  case  it  has  a  pale-brown  color, 
and  in  the  latter  a  much  darker  tint,  and  forms  octohedral  microscopic 
crystals.    Cadmium  oxide  is  infiisible :  it  dissolves  in  acids,  producing  a 
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series  of  colorless  salts:  it  sttraots  carbonio  acid  from  the  air,  and  turns 
white. 

CADMnm  SviiPHATK,  SO^Cd .  40H,,  is  easily  obtained  by  dissoWing  the 
oxide  or  carbonate  in  dilute  sulphuric  acid :  it  is  very  soluble  in  water,  and 
forms  double  salts  with  the  sulphates  of  potassium  and  ammonium,  which 
contain  respeetively  (S04),CdK,.  60H,  and  (S04),Cd(NH4) .  60H,. 

Cadxittm  Chloridk,  CdCly  is  a  Tory  soluble  salt,  crystallizing  in  small 
four-sided  prisms. 

Cadmium  Sulphide  is  a  yery  characteristic  compound,  of  a  bright^yellow 
color,  forming  microscopic  crystals,  fusible  at  a  high  temperature.  It  is 
obtained  by  passing  sulphuretted  hydrogen  gas  through  a  solution  of  the 
sulphate,  nitrate,  or  chloride.  This  compound  is  used  as  a  yellow  coloring 
matter,  of  great  beauty  and  permanence.     It  occurs  natiye  as  greenoekite. 


The  salts  of  cadmium  are  thus  distinguished:  —  Fixed  caustic  alkeUiet 
give  a  white  precipitate  of  hydrated  oxide,  insoluble  in  excess.  Am- 
matUa  gives  a  similar  white  precipitate,  readily  soluble  in  excess.  The 
^xed  alkaline  earbonate»j  and  ammonia  carbonate,  throw  down  white  cadmium 
carbonate,  insoluble  in  excess  of  either  precipitant.  Hydrogen  tulphide  and 
ammomym  Mulphide  precipitate  the  yellow  sulphide  of  cadmium. 


GROUP  IV. 

COPPER. 

Atomic  weight,  6d'6.    Symbol,  Cn  (Capram). 

Copper  is  a  metal  of  great  value  in  the  arts ;  it  sometimes  occurs  in  the 
metallic  state,  crystallixed  in  octohedrons,  or  more  frequently  in  dodeca- 
hedrons, but  is  more  abundant  in  the  form  of  red  oxide,  and  in  that  of 
sulphide  combined  with  aulphide  of  iron,  as  yellow  copper  ore^  or  copper 
pyritea.  Large  quantities  of  the  latter  substance  are  annually  obtained 
from  the  Cornish  mines,  and  taken  to  South  Wales  for  reduction,  which  is 
elfected  by  a  somewhat  complex  process.  The  principle  of  this  may,  how- 
eTer,  be  easily  made  intelligible.  The  ore  is  roasted  in  a  rcTerberatory 
furnace,  by  which  much  of  the  iron  sulphide  is  converted  into  oxide,  while 
the  copper  sulphide  remains  unaltered.  The  product  of  this  operation  is 
then  strongly  heated  with  siliceous  sand ;  the  latter  combines  with  the  iron 
oxide  to  a  fusible  slag,  and  separates  from  the  heavier  copper-compound. 
When  the  iron  has,  by  a  repetition  of  these  processes,  been  got  rid  of, 
the  copper  sulphide  begins  to  decompose  in  the  flame-furnace,  losing  its 
sulphur  and  absorbing  oxygen ;  the  temperature  is  then  raised  sufficiently 
to  reduce  the  oxide  thus  produced,  by  the  aid  of  carbonaceous  matter. 
The  last  part  of  the  operation  consists  in  thrusting  into  the  melted  metal 
a  pole  of  birch-wood,  the  object  of  which  is  probably  to  reduce  a  little  re- 
maining oxide  by  the  combustible  gases  thus  generated.  Large  quantities 
of  extremely  valuable  ore,  chiefly  carbonate  and  red  oxide,  have  lately  been 
obtained- from  South  Australia  and  Chile. 

Copper  has  a  well-known  yellowish-red  color,  a  specific  gravity  of  8-96, 
and  is  very  malleable  and  ductile :  it  is  an  excellent  conductor  of  heat  and 
electricity ;  it  melts  at  a  bright  red  heat,  and  seems  to  be  slightly  volatile 
at  a  very  high  temperature.  Copper  undergoes  no  change  in  dry  air ;  ex- 
posed to  a  moist  atmosphere,  it  becomes  covered  with  a  strongly  adherent 

80* 


852  DYAD   MBTALS. 

OH,,  is  obtained  as  a  white  precipitate  on  adding  an  alkaline  sulpliide  to 
the  solution  of  a  sine  salt. 


Zinc  salts %re  distinguished  by  the  following  characters:  —  Cauttk poicsk 
and  soda  give  a  white  precipitate  of  hydrate,  freely  soluble  in  excess  of 
alkali.  Ammonia  behaves  in  the  same  manner;  an  excess  redissolves  the 
precipitate  instantly.  Fotattium  and  sodium  earbonaUs  give  white  precipi- 
tates, insoluble  in  excess.  Ammonium  carbonate  gives  also  a  white  precipi- 
tate, which  is  redissolved  by  an  excess.  Potassium  ferrocyanidegiyes  a  ^hitt 
precipitate,  llydrogen  sulphide  causes  no  change  in  zinc  solutions  containing 
free  mineral  acids:  but  in  neutral  solutions,  or  with  zinc  salts  of  organic 
acids,  such  as  the  acetate,  a  white  precipitate  is  formed.  Anwionium  sul- 
phide throws  down  white  sulphide  of  zinc,  insoluble  in  caustic  alkalies. 
The  formation  of  this  precipitate  in  a  solution  containing  excess  of  caustic 
alkali,  serves  to  distinguish  zinc  from  all  other  metals. 

All  zinc  compounds,  heated  on  charcoal  with  sodium  carbonate  in  the 
inner  blowpipe  flame,  give  an  incrustation  of  zinc  oxide,  which  is  yellow 
while  hot,  but  becomes  white  in  cooling.  If  this  incrustation  be  moistened 
with  a  dilute  solution  of  cobalt  nitrate,  and  strongly  heated  in  the  outer 
flame,  a  fine  green  color  is  produced. 


The  applications  of  metallic  zinc  to  the  purposes  of  roofing,  the  con- 
struction of  water-channels,  &c.,  are  well  known ;  it  is  sufficiently  durable, 
but  inferior  in  this  respect  to  copper.  It  is  much  used  also  for  protecting 
iron  and  copper  from  oxidation  when  immersed  in  saline  solutions,  such  as 
sea-water,  or  exposed  to  damp  air.  This  it  does  by  forming  an  electric 
circuit,  in  which  it  acts  as  the  positive  or  more  oxidable  metal  (p.  249). 
Galvanized  iron  consists  of  iron  having  its  surface  coated  with  unc. 


CADKITJX. 

Atomic  weight,  112.     Symbol,  Gd. 

This  metal  was  discovered  in  1817  by  Stromeyer,  and  by  Hermann:  it 
accompanies  the  ores  of  zinc,  especially  those  occurring  in  Silesia,  and, 
being  more  volatile  than  that  substance,  rises  first  in  vapor  when  the  cala- 
mine is  subjected  to  distillation  with  charcoal.  Cadmium  resembles  tin  in 
color,  but  is  somewhat  harder :  it  is  very  malleable,  has  a  density  of  8*7, 
melts  below  260°  C.  (600°  F.),  and  is  nearly  as  volatile  as  mercury.  It 
tarnishes  but  little  in  the  air,  but,  when  strongly  heated,  burns.  Dilute 
sulphuric  and  hydrochloric  acids  act  but  little  on  this  metal  in  the  cold ; 
nitric  acid  is  its  best  solvent. 

The  observed  vapor-density  of  cadmium  is  8*94  compared  with  air  as 
unity,  or  66-3  compared  with  hydrogen,  which  latter  number  does  not  differ 
greatly  from  the  half  of  112,  the  atomic  weight  of  the  metal:  hence  it  ap- 
pears that  the  atom  of  cadmium  in  the  state  of  vapor  occupies  twice  the 
space  of  an  atom  of  hydrogen  (see  p.  229). 

Cadmium,  like  zinc,  is  dyadic,  and  forms  but  one  series  of  compounds. 

Cadmium  Oxide,  CdO. — This  oxide  may  be  prepared  by  igniting  either 
the  carbonate  or  the  nitrate:  in  the  former  case  it  has  a  pale-brown  color, 
and  in  the  latter  a  much  darker  tint,  and  forms  octohedral  microscopic 
crystals.     Cadmium  oxide  is  infusible:  it  dissolves  in  acids,  producing  a 
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series  of  colorleas  salts :  it  attracts  oarbonio  acid  from  the  air,  and  turns 
white. 

Cadmium  Sulphatk,  S04Cd .  40H,,  is  easily  obtained  by  dissoWing  the 
oxide  or  carbonate  in  dilute  sulphuric  acid :  it  is  very  soluble  |n  water,  and 
forms  double  salu  with  the  sulphates  of  potassium  and  ammonium,  which 
contain  respectively  (SOJ,CdK,.  60H,  and  (S04),Cd(NHJ  .  QOU^ 

Cadmiitm  Chloride,  CdCl,  is  a  very  soluble  salt,  orystallixing  in  small 
four-sided  prisms. 

Cadmium  Sulphide  is  a  very  characteristic  compound,  of  a  bright-yellow 
color,  forming  microscopic  crystals,  fusible  at  a  high  temperature.  It  is 
obtained  by  passing  sulphuretted  hydrogen  gas  through  a  solution  of  the 
sulphate,  nitrate,  or  chloride.  This  compound  is  used  as  a  yellow  coloring 
matter,  of  great  beauty  and  permanence.     It  occurs  native  as  greenoekite. 


The  salts  of  cadmium  are  thus  distinguished:  —  Fixed  caustic  alkalies 
gire  a  white  precipitate  of  hydrated  oxide,  insoluble  in  excess.  Am- 
mofiia  gives  a  similar  white  precipitate,  readily  soluble  in  excess.  The 
^ed  alkaline  earbonatMy  and  ammonia  carbonate,  throw  down  white  cadmium 
carbonate,  insoluble  in  excess  of  either  precipitant.  Hydrogen  tulphide  and 
ammcnium  nUphide  precipitate  the  yellow  sulphide  of  cadmium. 


GROUP  IV. 

COPPSH. 

Atomic  weight,  68 '6.     Symbol,  Cu  (Capram). 

Copper  is  a  metal  of  great  value  in  the  arts ;  it  sometimes  occurs  in  the 
metallic  state,  crystallised  in  octohedrons,  or  more  frequently  in  dodeca- 
hedrons, but  is  more  abundant  in  the  form  of  red  oxide,  and  in  that  of 
sulphide  combined  with  sulphide  of  iron,  as  yellow  copper  ore^  or  copper 
pyrites.  Large  quantities  of  the  latter  substance  are  annually  obtained 
from  the  Cornish  mines,  and  taken  to  South  Wales  for  reduction,  which  is 
effected  by  a  somewhat  complex  process.  The  principle  of  this  may,  how- 
ever, be  easily  made  intelligible.  The  ore  is  roasted  in  a  reverberatory 
furnace,  by  which  much  of  the  iron  sulphide  is  converted  into  oxide,  while 
the  copper  sulphide  remains  unaltered.  The  product  of  this  operation  is 
then  strongly  heated  with  siliceous  sand ;  the  latter  combines  with  the  iron 
oxide  to  a  fusible  Woj^,  and  separates  from  the  heavier  copper-compound. 
When  the  iron  has,  by  a  repetition  of  these  processes,  been  got  rid  of, 
the  copper  sulphide  begins  to  decompose  in  the  flame-furnace,  losing  its 
sulphur  and  absorbing  oxygen ;  the  temperature  is  then  raised  sufficiently 
to  reduce  the  oxide  thus  produced,  by  the  aid  of  carbonaceous  matter. 
The  last  part  of  the  operation  consists  in  thrusting  into  the  melted  metal 
a  pole  of  birch-wood,  the  object  of  which  is  probably  to  reduce  a  little  re- 
maining oxide  by  the  combustible  gases  thus  generated.  Large  quantities 
of  extremely  valuable  ore,  chiefly  carbonate  and  red  oxide,  have  lately  been 
obtained-  from  South  Australia  and  Chile. 

Copper  has  a  well-known  yellowish-red  color,  a  specific  gravity  of  8*96, 
and  is  very  malleable  and  ductile :  it  is  an  excellent  conductor  of  heat  and 
electricity ;  it  melts  at  a  bright  red  heat,  and  seems  to  be  slightly  volatile 
at  a  very  high  temperature.  Copper  undergoes  no  change  in  dry  air;  ex- 
posed to  a  moist  atmosphere,  it  becomes  covered  with  a  strongly  adherent 
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green  crust,  consisting  in  a  great  measure  of  carbonate.  Heated  to  rednen 
in  the  air,  it  is  quickly  oxidized,  becoming  coTcred  with  a  black  scale 
Dilute  sulphuric  and  hydrochloric  acids  scarcely  act  upon  copper;  boiliLg 
oil  of  Titriol  attacks  it,  with  eyolution  of  sulphurous  oxide ;  nitric  acid, 
even  dilute,  dtssoWes  it  readily,  with  cTolution  of  nitrogen  dioxide. 

Copper  is  a  dyad  metal,  its  most  stable  compounds,  the  cuprie  eompounda. 
containing  I  atom  of  the  metal  combined  with  2  atoms  of  a  uniTalent, 
or  1  atom  of  a  biyalent  negatiye  radical,  «.^.,  Cu^^Cl^'Cu^^O,  Cu^^(N03J2. 
Cu^^SO^,  &.C.  Some  of  these,  howerer,  are  capable  of  taking  up  another 
atom  of  copper,  and  forming  compounds,  called  cvprout  compounds,  in  whieb 

CuGl 
the  copper  is  apparently  univalent ;  thus  cuprous  chloride,  Cu^Clg  =  |      ; 

Cu^,^^  CuCl 

cuprous  oxide,  Cu,0  =1  2^^*  ^^^^®  compounds  are  very  unstable,  be- 
ing easily  converted  into  cuprie  compounds  by  the  action  of  oxidising  agents. 

CopPEB  Chlortdis.  —  Cuprie  chloride,  CuOl,,  is  most  easily  prepared  by 
dissolving  cuprie  oxide  in  hydrochloric  acid,  and  concentrating  the  green 
solution  thence  resulting.  It  forms  green  crystals,  CnCl, .  20Hy  very 
soluble  in  water  and  in  alcohol:  it  colors  the  flame  of  the  latter  green. 
When  gently  heated,  it  parts  with  its  water  of  crystallisation  and  b<NM>mefl 
yellowish-brown ;  at  a  high  temperature  it  loses  half  its  chlorine  and  be- 
comes converted  into  euprout  efUoritU.  The  latter  is  a  white  fusible  sub- 
stance, but  little  soluble  in  water,  and  prone  to  oxidation :  it  is  formed 
when  copper-filings  or  copper-leaf  are  put  into  chlqr i^io  g&s ;  ftl«>  by  pre- 
cipitating a  solution  of  cuprie  chloride  or  other  cup*ic  salt  with  stannous 
chloride : 

2CuCl,        +        SnCl,        =        CUjCl,        +        SnO^ 
Cuprie  BUt.nons  Ooproiu  StiuiBic 

chloride.  chloride.  chloride.  chloride. 

A  plate  of  copper  immersed  in  hydrochloric  acid  in  a  vessel  containing  air, 
becomes  covered  with  white  tetrahedrons  of  cuprous  chloride.  This  com- 
pound dissolves  in  hydrochloric  acid,  forming  a  colorless  solution,  which 
gradually  turns  blue  on  exposure  to  the  air. 

A  kydraled  eupric  oxyehloride,  CuCI, .  8CuH,0y  occurs  native  as  atacamite. 

Both  the  chlorides  of  copper  form  double  salts  with  the  chlorides  of  the 
alkali-metals. 

Cuprous  Htdridi,  Cu,Rg.  — ^When  a  solution  of  cuprie  sulphate  is  heated 
to  about  70*^,  with  hypophosphorous  acid,  this  compound  is  deposited  as  s 
yellow  precipitate  which  soon  turns  red-brown.  It  gives  off  hydrogen  wLt  o 
healed,  takes  fire  in  chlorine  gas,  and  is  converted  by  hydrochloric  acid  into 
cuprous  chloride,  with  evolution  of  a  double  quantity  of  hydrogen,  the  acid 
giving  up  its  hydrogen  as  well  as  the  copper  hydride : 

Cu^,    -f     2HCI    =    CujCl,    -f-     2Hy 

This  reaction  affords  a  remarkable  instance  of  the  union  of  two  atoms  of 
the  same  element  to  form  a  molecule  (see  page  232). 

CoppKR  OxiDBS.  — Two  oxides  of  copper  are  known,  corresponding  to  the 
chlorides ;  and  a  very  unstable  dioxide  or  peroxide,  CuO^  is  said  to  be 
formed,  as  a  yellowish-brown  powder,  by  the  action  of  hydrogen  dioxide 
on  cuprie  hydrate. 

Copper  Monoxide^  Cuprie  oxide,  or  Black  oxide  of  copper,  CuO,  is  prepared 
by  calcining  metallic  copper  at  a  red- heat,  with  full  exposure  to  air,  or 
more  conveniently,  by  heating  the  nitrate  to  redness,  which  suffers  com- 
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pleto  deeomposition.  Cuprio  aalts  mixed  with  caustic  alkali  in  excess,  yield 
a  bulky  pale-blue  precipitate  of  hydrated  cupric  oxide,  or  cupric  hydrate, 
CuHjO,  or  CaO.OU^  which,  when  the  whole  is  raised  to  the  boiling-point, 
becomes  conTerted  into  a  heavy  dark-brown  powder :  this  also  is  anhydrous 
oxide  of  copper,  the  hydrate  suffering  decomposition,  even  in  contact  with 
water.  The  oxide  prepared  at  a  high  temperature  is  perfectly  black  and 
Tery  dense.  Cupric  oxide  is  soluble  in  acids,  and  forms  a  series  of  yery 
important  salts,  isdmorphous  with  magnesium  salts. 

CvfTtmM  oxiie^  Cu,0,  also  called  Red  oxide  and  Suboxide  of  copper,  — *  This 
oxide  may  be  obtained  by  heating  in  a  coTered  crucible  a  mixture  of  5  parts 
of  black  oxide  and  4  parts  of  fine  copper-filings;  or  by  adding  grape-sugar 
to  a  solution  of  cupric  sulphate,  and  then  putting  in  an  excess  of  caustic 
potash;  the  blue  solution, heated  to  ebullition,  is  reduced  by  the  sugar, and 
deposits  ouprous  oxide.  This  oxide  often  occurs  in  beautiful  transparent 
ruby -red  crystals,  associated  with  other  ores  of  copper,  and  can  be  obtained 
in  the  same  state  by  artificial  means.  It  communicates  to  glass  a  magnifi- 
cent red  tint,  while  that  given  by  the  cupric  oxide  is  green. 

Cuprous  oxide  dissolTcs  in  excess  of  hydrochloric  acid,  forming  a  solu- 
tion of  onprous  chloride,  from  which  that  compound  is  precipitated  on  dilu- 
tion with  water.  Most  oxygen-acids,  namely,  sulphuric,  phosphoric,  acetic, 
oxalic,  tartaric,  and  citric  acids,  decompose  cuprous  oxide,  forming  cuprio 
salts,  and  separating  metallic  copper;  nitric  acid  oonyerts  it  into  cupric 
nitrate.  Hence  there  are  but  few  cuprous  oxygen-salts,  none  indeed  except- 
ing the  sulphites  and  certain  double  sulphites  formed  by  mixing  a  cupric 
Miution  with  the  sulphite  of  an  alkali-metal,  e.g.^  ammonio-cuprous  sul- 
phite, SO,Cu'(NHJ. 

CuPBic  ScLPHATBy  SO4CU .  50H,.  —  This  beautiful  salt,  commonly  called 
hlwt  vitriol,  is  prepared  by  dissoWing  cupric  oxide  in  sulphuric  acid,  or, 
at  less  expense,  by  oxidizing  the  sulphide.  It  forms  large  blue  crystals, 
solable  in  four  parts  of  cold  and  two  parts  of  boiling  water ;  when  heated 
to  \{XP  C.  (212**  F.)  it  readily  loses  four  molecules  of  crystallization-water; 
but  the  fifth  is  retained  with  great  pertinacity,  and  is  expelled  only  at  a  low 
red  heat.  At  a  very  high  temperature,  cupric  sulphate  is  entirely  conyerted 
imo  cupric  oxide,  with  eyolution  of  sulphuroua  oxide  and  oxygen.  Cupric 
sulphate  combines  with  the  sulphates  of  potassium  and  of  ammonium,  form- 
ing pale-blue  salts,  (SO^j^CuKg.GOH,  and  (S04),Cu(NHJ,.  60Hy  isomor- 
phous  with  the  oorresponaing  magnesium  salts. 

Cupric  Nitrate,  (N0,)2Cu  .  30 H,,  is  easily  made  by  dissolying  the  metal 
in  nitric  acid ;  it  forms  deep-blue  crystals,  very  soluble  and  deliquescent. 
It  is  highly  oorrosive.     An  insoluble  basic  nitrate  is  known ;  it  is  green. 

Cupric  Carbonates.  —  When  sodium  carbonate  is  added  in  excess  to  a 
solution  of  cupric  sulphate,  the  precipitate  is  at  first  pale-blue  and  floo- 
culent,  but  by  warming  it  beco9ies  sandy,  and  assumes  a  green  tint;  in 
this  state  it  contains  COgCu.CuHgOj-f-aq.  This  substance  is  prepared  as  a 
pigment.  The  beautiful  mineral  malachite  has  a  similar  composition,  but 
contains  no  water  of  crystallization,  its  composition  being  COgCu.CuH^O.. 
Another  natural  compound,  called  azurite^  not  yet  artificially  imitated, 
occurs  in  large  transparent  crystals  of  the  most  intense  blue :  it  contains 
2C0|Ca  CuH,0,.  Verditer,  made  by  decomposing  cupric  nitrate  with  chalk, 
is  said,  however,  to  have  a  somewhat  similar  composition. 

CupEio  Arsenite  is  a  bright-green  insoluble  powder,  prepared  by  mix- 
ing the  solutions  of  a  cupric  salt  with  an  alkaline  arsenite. 

OoppEA  Sulphides. — There  are  two  well-defined  copper  sulphides,  anaU 
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ogous  in  oomposttion  to  the  oxides,  uid  four  others,  oontaining  larger 
proportions  of  sulphur,  but  of  less  defined  constitution ;  these  latter  are 
precipitated  from  solutions  of  cupric  sails  by  potassium  pentasulpbide. 

Cupric  Sulphide^  CuS,  occurs  native  as  indiffo  capper  or  c(weUm,  in  soft 
bluish-black  hezagoual  plates  and  spheroidal  masses,  and  is  produced  arti- 
fioially  by  precipitating  cupric  salts  with  hydrogen  sulphide. 

Cuprous  Sulp/ude,  Gi^S,  occurs  native  as  eopper-fflance  or  reebrutkite,  in 
lead -gray  hexagonal  prisms,  belonging  to  the  rhombic  system;  it  is  pn>- 
duced  artificially  by  the  combustion  of  copper-foil  in  sulphur  vapor,  by 
igniting  cupric  oxide  with  sulphur,  and  by  other  methods.  It  is  a  power- 
ful sulphur-base,  uniting  with  the  sulphides  of  antimony,  arsenic,  and  bi&> 
muth,  to  form  several  natural  minerals.  The  several  varieties  of  iahl-ere, 
or  tetrahedrite,  consist  of  cuprous  sulphantimonite  or  sulpharsenite^  in 
which  the  copper  is  more  or  less  replaced  by  equivalent  quantities  of  iron, 
sine,  silver,  and  mercury.  The  important  ore,  called  eopper-pyritet,  is  a 
ouproso-ferric  sulphide,  Cu^Fe^^^S,  or  Cu^.Fe^,  occurring  in  tetrahedral 
crystals  of  the  quadratic  system,  or  in  irregular  masses.  Another  speciea 
of  copper  and  iron  sulphide,  containing  various  proportions  of  the  two 
metals,  occurs  native,  as  purpU  copper  or  erubeadU,  in  cubes,  octohedrons, 
and  other  monometric  forms. 

Ammoniacal  Copper  Compounds. — The  chlorides,  sulphate,  nitrate,  and 
other  salts  of  copper,  unite  with  one  or  more  molecules  of  ammonia,  form- 
ing, for  the  most  part,  crystalline  compounds  of  blue  or  green  color,  some 
of  which  may  be  regarded  as  salts  of  metallammoniums  (p.  315).  Thus, 
cupric  chloride  forms  with  ammonia,  the  compounds,  2NHg.CuCiy  4XH2. 
CuCly  and  6NH,.CuCL,  the  first  of  which  may  be  formulated  as  cuprfr- 
diammonium  eMoride^  (N,HQCu^^)Cly  Cupric  sulphate  forms,  in  like  manner, 
eupro-diammomum  sulphate,  (N,H^Cu^^)S04,  which  is  a  deep-blue  crystalline 
salt.    Cuprous  iodide  forms  with  ammonia  the  compound,  4NH9 .  Cu^ 


The  characters  of  the  cupric  salts  are  well  marked. 

Caustic  potaeh  gives  a  pale-blue  precipitate  of  cupric  hydrate,  becoming 
blackish-brown  anhydrous  oxide  on  boiling. — Ammonia  also  throws  down 
the  hydrate;  but,  when  in  excess,  redissolves  it,  yielding  an  intense  pur- 
plish-blue solution.  —  Potassium  and  sodium  carbonates  give  pale-blue  preci* 
pitates  of  cupric  carbonate,  insoluble  in  excess. — Ammonium  earbonaU,  the 
same,  but  soluble  with  deep-blue  color.  —  Potassium  ferrocyatfide  gives  a  fine 
red-brown  precipitate  of  cupric  ferrocyanide  — Hydrogen  sulphide  and 
ammonium  sulphide  afford  black  cupric  sulphide,  insoluble  in  ammonium 
sulphide. 


The  alloys  of  copper  are  of  great  iitf|>ortance.  Brass  consists  of  copper 
alloyed  with  from  28  to  '84  per  cent,  of  zinc ;  the  latter  may  be  added 
directly  to  the  melted  copper,  or  granulated  copper  may  be  heated  with 
calamine  and  charcoal-powder,  as  in  the  old  process.  Oun-metal^  a  most 
valuable  alloy,  consists  of  90  parts  copper  an>l  10  tin.  Bell  and  speculum 
metal  contain  a  still  larger  proportion  of  tin ;  these  are  brittle,  especially 
the  last  named.  A  good  bronze  for  statues  is  made  of  91  parts  copper,  2 
parts  tin,  6  parts  zinc,  and  1  part  lead.  The  brass  or  bronze  of  the  ancients 
is  an  alloy  of  copper  with  tin,  often  also  containing  lead,  and  sometimes 
zinc. 
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Atomic  weight,  200.     Symbol,  Hg.  (Hydrargyrum). 

This  Tery  remarkable  metal,  sometimcR  called  guickaUver,  has  been  known 
from  early  times,  and  perhaps  more  than  all  others  has  excited  the  atten- 
tion and  curiosity  of  experimenters,  by  reason  of  its  peculiar  physical 
properties.  Mercury  is  of  great  importance  in  several  of  the  arts,  and 
enters  into  the  composition  of  many  yaluable  medicaments. 

Metallic  mercury  is   occasionally  met   with   in  globules   disseminated 
through  the  native  sulphide,  which  is  the  ordinary  ore.   This  latter  substance, 
sometimes  called  cvmabar,  is  found  in  considerable  quantity  in  several 
loealities,  of  which  the  most  celebrated  are  Almaden  in  Spain,  and  Idria 
in  Austria.     Only  recently  it  has  been  discovered  in  great  abundance,  and 
of  remarkable  purity,  in  California  and  Australia.     The  metal  is  obtained 
by  heating  the  sulphide  in  an  iron  retort  with  lime  or  scraps  of  iron,  or  by 
roasting  it  in  a  furnace,  and  conducting  the  vapors  into  a  large  chamber, 
where  the  mercury  is  condensed,  while  the  sulphurous  acid  is  allowed  to 
escape.    Mercury  is  imported  into  this  country  in  bottles  of  hammered 
iron,  containing  seventy-five  pounds  each,  and  in  a  state  of  considerable 
purity.     When    purchased  in   smaller   quantities,   it  is  sometimes   found 
adulterated  with  tin  and  lead,  ^hich  metals  it  dissolves  to  some  extent 
vithoat  much  loss  of  fluidity.     Such  admixture  may  be  known  by  the  fbul 
surface  the  mercury  exhibits  when  shaken  in  a  bottle  containing  air,  and 
by  the  globules,  when  made  to  roll  upon  the  table,  leaving  a  train  or  tail. 
Mercury  has  a  nearly  silver-white  color,  and  a  very  high  degree  of 
lustre:  it  is  liquid  at  all  ordinary  temperatures,  and  solidifies  only  when 
cooled  to — Uy^.     In  this  state  it  is  soft  nnd  malleable.    At  850°  C.  (662°  F.) 
it  boils,  and  yields  a  transparent,  colorless  vapor,  of  great  density.     The 
metal  volatilizes,  however,  to  a  sensible  extent  at  all  temperatures  above 
\^  or  21°  C.  (66°  or  68°  F.) ;  below  this  point  its  volatility  is  imperceptible. 
The  volatility  of  mercury  at  the  boiling  heat  is  singularly  retarded  by  the 
presence  of  minute  quantities  of  lead  or  zinc.     The  specific  gravity  of 
mercury  at  15-5°  is  13*50;  that  of  frozen  mercury  about  14,  great  contrac- 
tion taking  place  in  the  act  of  solidification. 

Pure  mercury  is  quite  unalterable  in  the  air  at  common  temperatures, 
bat  when  heated  to  near  its  boiling-point,  it  slowly  absorbs  oxygen,  and 
becomes  converted  into  a  crystalline  dark-red  powder,  which  is  the  highest 
oxide.  At  a  dull  red  heat  this  oxide  is  again  decomposed  into  its  constit- 
uents. Hydrochloric  acid  has  little  or  no  action  on  mercury,  and  the  same 
may  be  said  of  sulphuric  acid  in  a  diluted  state :  when  the  latter  is  con- 
centrated and  boiling-hot,  it  oxidizes  the  metal,  converting  it  into  mercuric 
sulphate,  with  evolution  of  sulphurous  oxide.  Nitric  acid,  even  dilute  and 
in  the  cold,  dissolves  mercury  freely,  with  evolution  of  nitrogen  dioxide. 

The  observed  vapor-density  of  mercury  referred  to  air  as  unity  is  6-7;* 
^V»8  referred  to  hydrogen  is  nearly  100 ;+  that  is  to  say,  half  the  atomic 
weight  of  the  metal :  consequently  the  atom  of  mercury,  like  that  of  cad- 
mium, occupies  in  the  gaseous  state  twice  the  volume  of  an  atom  of  hydro- 
gen (see  page  229). 

Mercury  forms  two  series  of  compounds ;  namely,  the  mercuric  compound$, 
in  which  it  is  bivalent,  as  Hg^'Clj,  Hg^^O,  Hg'''S04,  &c.,  and  the  mercurout 

S*7 
*  Blneau,  Compt«0  Rendiu,  zlix.  799.  f  '  o-«mb      ~    ^^''^' 
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compounds^  in  which  it  is  apparently  uniyalent,  as  Hg,Cly  ^Ss^,  &e.  TbeM 
compounds  are  analogous  in  constitution  to  the  cupric  and  cuproofi  com- 
pounds ;  and  the  mercurous  compounds,  like  the  latter,  are  easily  conrerted 
into  mercuric  compounds  by  the  action  of  oxidizing  agents,  which  remove 
one  atom  of  mercury ;  but  they  are,  on  the  whole,  much  more  stable  than 
the  cuprous  compounds. 

Mkscvbt  Chlosidbs.  —  Mercuric  Chloride^  Hg'^Cl,,  commonly  called  cor^ 
rotive  mblimate.  —  This  compound  may  be  obtained  by  seTeral  different  pro- 
cesses: (1)  When  metallic  mercury  is  heated  in  chlorine  gas,  it  takes  fire 
and  burns,  producing  this  substance.  (2)  It  may  be  made  by  dissolTing 
mercuric  oxide  in  hot  hydrochloric  acid,  crystals  of  corrosiTe  sublimate 
then  separating  on  cooling.  (8)  Or,  more  economically,  by  subliming  a 
mixture  of  equal  parts  of  mercuric  sulphate  and  dry  common  salt;  and 
this  is  the  plan  generally  followed.  The  decomposition  is  represented  by 
the  equation : 


SO.Hg 

+     2NaCl 

=    HgCl, 

+  so^^^r 

Mercmlc 

Sodium 

Mercuric 

Sodinm 

•ulphato. 

chloride. 

cUoride. 

■ulphate. 

Sublimed  mercuric  chloride  forms  a  white  transparent  crystalline  mass 
of  specific  gravity  5  43;  it  melts  at  265<>  C.  (509<»  F.);  boils  at  295"*  C. 
(563^  F.),  and  volatilizes  somewhat  more  easily  than  calomel,  even  at 
ordinary  temperatures.  Its  observed  vapor-density,  referred  to  hydrogen 
as  unity,  is  140 :  and  the  density  calculated  from  the  formula  HgCl,  sap- 
posing  that  the  molecule  occupies  the  Rame  space  as  a  molecule  or  two  atoms 

200  -f  2  X  36-6 
of  hydrogen  (p.  229)  is ^ =  135-6 ;  the  near  agreement  of  this 

nuipber  with  the  observed  result  shows  that  the  vapor  is  in  the  normal  state 
of  condensation. 

Mercuric  chloride  dissolves  in  16  parts  of  cold  and  8  parts  of  boiling 
water,  and  crystallizes  from  a  hot  solution  in  long  white  prisma  Alcohol 
and  ether  also  dissolve  it  with  facility ;  the  latter  even  withdraws  it  from 
a  watery  solution. 

Mercuric  chloride  combines  with  a  great  number  of  other  metallic  chlor- 
ides,  forming  a  series  of  beautiful  double  salts,  of  which  the  ancient  mI 
alembrotk  may  be  taken  as  a  good  example :  it  contains  HgCL .  2NH4CI .  OH^ 
Corrosive  sublimate  absorbs  ammoniacal  gas  with  great  avidity,  generating 
the  compound  HgCl, .  NH3. 

Mercuric  chloride  forms  several  compounds  with  mercuric  oxide.  These 
are  produced  by  several  processes,  as  when  an  alkaline  carbonate  is  added 
in  varying  proportions  to  a  solution  of  mercuric  chloride.  They  differ 
greatly  in  color  and  physical  character,  and  are  mostly  deoomposed  by 
water. 

Mercuric  chloride  forms  insoluble  compounds  with  many  of  the  azoUzed 
organic  principles,  as  albumin,  &o.  It  is  perhaps  to  this  property  that  its 
strong  antiseptic  properties  are  due.  Animal  and  vegetable  substances  are 
preserved  by  it  from  decay,  as  in  Kyan*s  method  of  preserving  timber  and 
cordage.  Albumin  is  on  this  account  an  excellent  antidote  to  corrosive  subli- 
mate in  cases  of  poisoning. 

Mercurous  Chloride^  Hg^Cl,,  commonly  called  CalomeU  —  This  Tery  im- 
portant substance  may  be  easily  and  well  prepared  by  pouring  a  solution 
of  mercurous  nitrate  into  a  large  excess  of  dilute  solution  of  common  lalt. 
It  falls  as  a  dense  white  precipitate,  quite  insoluble  in  water;  it  must  be 
thoroughly  washed  with  boiling  distilled  water,  and  dried.  Calomel  is, 
however,  generally  procured  by  another  and  more  complex  process.    Dry 
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mercarie  sulphaie  is  nibbed  in  a  mortar  witb  as  much  metallic  mercury  as 
it  already  contains,  and  a  quantity  of  common  salt,  until  the  globules  dis- 
appear, and  a  uniform  mixture  has  been  produced.  This  is  subjected  to 
Fublimstion,  the  Tapor  of  the  calomel  being  earried  into  an  atmosphere  of 
steam,  or  into  a  chamber  containing  air ;  it  is  thus  condensed  into  a  mi- 
nutely diTided  state,  and  the  laborious  process  of  puWerixation  of  the  sub- 
limed mass  ia  avoided.     The  reaction  is  thus  explained : 

804Hg     4-    Hg    +    2NaCl     =     Hg,Cl,     +    S04Na, 

Mercarie  Sodlom  Mercuroni  Sodium 

tolpliatei.  chloride.  chloride.  lulphate. 

Pore  calomel  is  a  heary,.  white,  insoluble,  tasteless  powder :  it  rises  in 
Tspor  at  a  temperature  below  redness,  and  is  obtained  by  ordinary  sub- 
limation as  a  yellowish-white  crystalline  mass.  It  is  ss  insoluble  in  cold 
diluted  nitric  acid  as  siWer  chloride ;  boiling-hot  strong  nitric  acid  oxidizes 
and  dissoWes  it.  Calomel  is  instantly  decomposed  by  an  alkali,  or  by  lime- 
water,  with  production  of  mercurous  oxide.  It  is  sometimes  apt  to  con- 
uin  a  little  mercuric  chloride,  which  would  be  a  yery  dangerous  contami- 
nation in  calomel  employed  for  medical  purposes.  This  is  easily  discoyered 
by  boiling  with  water,  filtering  the  liquid,  and  adding  caustic  potash.  Any 
corrosiye  sublimate  is  indicated  by  a  yellow  precipitate. 

The  obseryed  yapor-density  of  calomel,  referred  to  hydrogen  as  unity, 
is  119-2.  Now  the  formula  Hg|Cl,,  if  it  represents  a  molecule  occupy- 
ing in  the  gaseous  state  two  yolumes  (i.  e.,  twice  the  yolume  of  an  atom 
of  hydrogen,  p.  229),  would  giye  a  density  nearly  double  of  this :    for 

400  +  2  X  35*6 

^  235-5.    Hence  it  might  be  inferred  that  the  composition 

of  ealomel  should  rather  be  represented  by  the  simpler  formula  HgOl,  which 
would  giye  for  the  yapor-density  the  number  117*75.  But  this  formula 
(the  adoption  of  which  would,  of  course,  inyolye  that  of  similar  formulas 
for  the  other  mercurous  salts,  e,  g.,  NO,Hg  for  the  nitrate)  is  objectionable 
on  aeoount  of  its  inconsistency  with  the  law  of  eyen  numbers,  according  to 
which  a  dyad  element  like  mercury  can  neyer  unite  with  an  uneyen  num- 
ber of  monad  atoms  (p.  232).  Moreoyer,  the  frequent  decomposition  of 
mercurous  salts  into  mercuric  salts  and  free  mercury  is  in  fayor  of  the  sup- 
position that  their  molecules  contain  two  atoms  of  mercury ;  and  the  anom- 
aly in  the  yapor-yolume  of  calomel  may  be  explained  by  supposing  that 
the  yi^or  of  this  compound,  like  that  of  many  others,  undergoes  at  high 
temperatures  the  change  known  as  ditsoeiaiion  (p.  5^1),  the  two  yolumes  of 
mercurous  chloride,  Hg,Gl,  being  resoWed  into  two  yolumes  of  mercuric 
chloride, HgClj,  and  two  yolumes  of  mercury,  Hg.  This  supposition  is,  to 
some  extent,  warranted  by  the  obseryation  that  calomel  yapor  amalgamates 
gold-leaf,  and  that  corrosiye  sublimate  may  be  detected  in  resublimed  cal- 
omel 

lODiDBB.  —  Mercuric  Iodide,  Hg^^I^  is  formed,  when  solution  of  potassium 
iodide  is  mixed  with  mercuric  chloride,  as  a  precipitate  which  is  at  first 
yellow,  but  in  a  few  moments  changes  to  a  most  brilliant  scarlet,  this  color 
being  retained  on  drying.  This  is  the  neutral  iodide :  it  may  be  made, 
although  of  rather  duller  tint,  by  triturating  equiyalent  quantities  of  iodine 
and  mercury  with  a  little  alcohol.  In  preparing  it  by  precipitation,  it  is 
better  to  weigh  out  the  proper  proportions  of  the  two  salts,  as  the  iodide  is 
soluble  in  an  excess  of  either,  more  especially  in  excess  of  potassium  iodide. 
Mercarie  iodide  exhibits  a  very  remarkable  case  of  dimorphism,  attended 
with  difference  of  color,  which  is  red  or  yellow,  according  to  the  figure 
Msamed.  Thus,  when  the  iodide  is  suddenly  exposed  to  a  high  tempera- 
ture, it  becomes  bright-yellow  throughout,  and  yields  a  copious  sublimate 
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of  minute  but  brilliant  yellow  crystals.  If  in  this  state  it  be  toacbed  by  a 
hard  body,  it  instantly  becomes  red,  and  the  same  change  happens  spon- 
taneouitly  after  a  certain  lapse  of  time.  On  the  other  hand,  by  a  very  slov 
and  careful  heating,  a  sublimate  of  red  crystals,  having  a  totally  different 
form,  may  be  obtained,  which  are  permanent.  The  same  kind  of  change 
happens  with  the  freshly  precipitated  iodide,  as  Mr.  Warington  has  shown, 
the  yellow  crystals  first  formed  breaking  up  in  the  course  of  a  few  seconds 
from  the  passage  of  the  salt  to  the  red  modification.* 

Mercuric  iodide  forms  double  salts  with  the  more  basic  or  positive  me- 
tallic iodides,  as  those  of  the  alkali-metals  and  alkaline  earth-meiale ;  thus 
it  dissolves  in  aqueous  potassium  iodide,  and  the  hot  solution  deposits  on 
cooling,  crystals  of  potassio-mercuric  iodide,  2(KI.HgIg).30Hf 

Mereurou*  Iodide^  ^Ei^v  ^^  formed  when  a  solution  of  potassium  iodide  is 
added  to  mercurous  nitrate:  it  then  separates  as  a  dirty  yellow,  insoluble 
precipitate,  with  a  tinge  of  green.  It  may  also  be  prepared  by  robbing 
mercury  and  iodine  together  in  a  mortar  in  the  proportion  of  1  atom  of  the 
former  to  1  atom  of  the  latter,  the  mixture  being  moistened  from  lime  to 
time  with  a  little  alcohol. 

Oxides.  —  Monoxide,  or  Mercurous  Oxide,  HgO,  commonly  called  Red  Oxide 
of  Mercury,  or  Red  Precipitate. — There  are  numerous  methods  by  which  this 
compound  may  be  obtained.     The  following  may  be  cited  as  the  most  im* 
portant:  (1)  By  exposing  mercury  in  a  glass  flask  with  a  long  narrow  neck, 
for  several  weeks,  to  a  temperature  approaching  815°  C.  (599°  F.).     The 
product  has  a  dark  red  color,  and  is  highly  crystalline ;  it  is  the  rtdpredpi' 
tote  of  the  old  writers.     (2)  By  cautiously  heating  any  of  the  mercuric  or 
mercurous  nitrates  to  complete  decomposition,  whereby  the  acid  is  decom* 
posed  and  expelled,  oxidizing  the  metal  to  a  maximum,  if  it  happen  to  be 
in  the  state  of  mercurous  salt.     The  product  thus  obtained  is  also  crystal* 
line  and  very  dense,  but  has  a  much  paler  color  than  the  preceding ;  while 
hot,'  it  is  nearly  black.    It  is  by  this  method  that  the  oxide  is  generally  pre- 
pared :  it  is  apt  to  contain  undecomposed  nitrate,  which  may  be  discovered 
by  strongly  heating  a  portion  in  a  test-tube :  if  red  fumes  are  produced, 
or  the  odor  of  nitrous  acid  exhaled,  the  oxide  has  been  insufficiently  heated 
in  the  process  of  manufacture.     (3)  By  adding  caustic  potash  in  excess  to 
a  solution  of  corrosive  sublimate,  by  which  a  bright  yellow  precipitate  of 
mercuric  oxide  is  thrown  down,  which  differs  from  the  foregoing  prepara- 
tions mtrrely  in  being  destitute  of  crystalline  texture  and  much  more  mi- 
nutely  divided.     It  must  be  well  washed  and  dried. 

Mercuric  oxide  is  slightly  soluble  in  water,  communicating  to  the  latter 
an  alkaline  reaction  and  metallic  taste:  it  is  highly  poisonous.  When 
strongly  heated,  it  is  decomposed,  as  before  observed,  into  metallic  mercury 
and  oxygen  gas. 

Mercuroua  Oxide,  Hg^O ;  Suboxide,  or  Gray  Oxide  of  Mercury.  —  This  oxide  is 
easily  prepared  by  adding  caustic  potash  to  mercurous  nitrate,  or  by  di- 
gesting calomel  in  solution  of  caustic  alkali.  It  is  a  dark  gray,  nearly 
black,  heavy  powder,  insoluble  in  water,  slowly  decomposed  by  the  actiou 
of  light  into  metallic  mercury  and  red  oxide.  The  preparations  known  in 
pharmacy  by  the  names  blue  pill,  gray  ointmerU,  mercury  mlh  chalk,  &c.,  often 
supposed  to  owe  their  efficacy  to  this  substance,  merely  contain  the  finely 
divided  metal. 

Mkbcurt  Nitrates.  —  Nitric  acid  varies  in  its  action  upon  mercury, 
according  to  the  temperature.  When  cold  and  somewhat  diluted,  it  forms 
pnly  loercurous  salts,  and  these  are  neutral  or  basic  —  •'.  «.,  oxynitrates 

P  Memoirs  of  the  C))eip|cfd  goqlrt^  of  J/>r^^on,  i.  85. 
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(p.  283)  —  as  the  acid  or  the  metal  happens  to  be  in  excess.  When,  on  the 
eoQlrary,  the  nitric  acid  is  concentrated  and  hot,  the  mercury  is  raised  to 
irs  highest  state  of  oxidation,  and  a  mercuric  salt  is  produced.  Both  classes 
of  d»lt3  are  apt  to  be  decomposed  by  a  large  quantity  of  water,  giving  rise 
to  insoluble,  or  sparingly  soluble  basic  compounds. 

Mercuric  Nitrate*.  —  l^y  dissolving  mercuric  oxide  in  excess  of  nitric  acid, 
and  evaporating  gently,  a  syrupy  liquid  is  obtained,  which,  enclosed  in  a 
bell-jar  over  lime  or  sulphuric  acid,  deposits  bulky  crystals  and  crystalline 
crusts,  both  having  the  composition  2(NO,),Hg^^.OH2.  The  same  substance 
u  deposited  from  the  syrupy  liquid  as  a  crystalline  powder  by  dropping  it 
into  concentrated  nitric  acid.  The  syrupy  liquid  itself  appears  to  be  a  de- 
finite compound  containing  (^0^)^g^^.oh^  By  saturating  hot  dilute  nitric 
ftcid  with  mercuric  oxide,  a  salt  is  obtained  on  cooling,  which  crystallizes 
in  needlea,  permanent  in  the  air,  containing  (NO,),Hg'^  .  Hg^^O.OH,.  The 
preceding  crystallized  salts  are  decomposed  by  water,  with  production  of 
compounds  more  and  more  basic  as  the  washing  is  prolonged  or  the  tempe- 
rature of  the  water  raised. 

Mercuroiu  XitratBy  {^0^)figy*lOY{^  forms  large  colorless  crystals  soluble 
in  a  small  quantity  of  water  without  decomposition ;  it  is  made  by  dissolving 
mercury  in  an  excess  of  cold  dilute  nitric  acid. 

When  excess  of  mercury  has  been  employed,  a  finely  crystallized  basic 
fait  is  deposited  after  some  time,  containing  2(N03)2Hg,.Hg20.30Il2,  or 
2Nj0^3Hg,O.30H, ;  this  is  also  decomposed  by  water.  The  two  salts  aro 
easily  distinguished  when  rubbed  in  a  mortar  with  a  little  sodium  chloride ; 
the  neutral  compound  gives  sodium  nitrate  and  calomel;  the  basic  salt, 
a  Kiium  nitrate  and  a  black  compound  of  calomel  with  mercurous  oxide.  A 
black  substance,  called  Hahnemann  s  soluble  mereuryy  is  produced  when  am- 
monia in  small  quantity  is  dropped  into  a  solution  of  mercurous  nitrate : 
it  conUins  N,05.3Hg,0.2NH,,  or,  according  to  Kane,  N205.2Hgj,0.2NIl3; 
the  composition  of  this  preparation  evidently  varies  according  to  the  tem- 
perature and  the  concentration  of  the  solutions. 

Meecitbt  Sulphates.  —  Mercuric  Sulphate,  SO^Hg^^,  is  readily  prepared 
by  boiling  together  oil  of  vitriol  and  metallic  mercury  until  the  latter  is 
wholly  converted  into  a  heavy  white  crystalline  powder,  which  is  the  salt 
in  question;  the  excess  of  acid  is  then  removed  by  evaporation  carried  to 
perfect  dryness.  Equal  weights  of  acid  and  metal  may  be  conveniently  em- 
ployed. Wat«r  decomposes  the  sulphate,  dissolving  out  an  acid  salt,  and 
leaving  an  insoluble,  yellow,  basic  compound,  formerly  called  turpith  or  tur- 
hfth  mineral,  containing,  according  to  Kane's  analysis,  S04Hg''.2Hg'^0,  or 
S0,.3Hg''O.  Long-continued  washing  with  hot  water  entirely  removes  the 
remaining  acid,  and  leaves  pure  mercuric  oxide. 

Mercuroun  Sulphate,  ^Ofig^,  falls  as  a  white  crystalline  powder  when  sul- 
phuric acid  is  added  to  a  solution  of  mercurous  nitrate :  it  is  but  slightly 
soluble  in  water. 

Mekcurt  Sulphidks.  —  Mercuric  Sulphide,  HgS,  occurs  native  as  cinnabar, 
a  dull  red  mineral,  which  is  the  most  important  ore  of  mercery.  Hydrogen 
sulphide  passed  in  small  quantity  into  a  solution  of  mercuric  nitrate,  or 
chloride,  forms  a  white  precipitate,  which  is  a  compound  of  mercuric  sul- 
phide with  the  salt  itself.  An  excess  of  the  gas  converts  the  whole  into 
sulphide,  the  color. at  the  same  time  changing  to  black.  When  this  black 
sulphide  is  sublimed,  it  becomes  dark-red  and  crystalline,  but  undergoes 
no  change  of  composition :  it  is  then  cinnabar  or  vermilion.  Mercuric  sul- 
phide is  most  easily  prepared  by  subliming  an  intimate  mixture  of  6  parts 
of  mercury  and  1  part  of  sulphur,  and  reducing  the  resulting  cinnabar  to 
very  fine  powder,  the  beauty  of  the  tint  depending  much  upon  the  extent 
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to  which  diyision  is  carried  The  red  or  crystalline  sulphide  mftj  also  be 
formed  directly,  without  sublimation,  by  heating  the  black  precipitated 
substance  in  a  solution  of  potassium  pentasulphide ;  the  mercuric  sulphide 
is,  in  fact,  soluble,  to  a  certain  extent,  in  the  alkaline  sulphides,  and  form- 
with  them  crystallizable  compounds. 

When  yermilion  is  heated  in  the  air,  it  yields  metallic  mercury  and  sul- 
phurous oxide:  it  resists  the  action  both  of  caustic  alkali  in  solution,  ad<I 
of  strong  mineral  acids,  even  nitric,  and  is  attacked  only  by  nitromuriaiic 
acid. 

Mercurous  sulphidey  Hg^,  is  obtained  by  passing  hydrogen  sulphide  into 
a  solution  of  mercurous  nitrate,  as  a  black  precipitate,  which  is  resolred 
at  a  gentle  heat  into  mercuric  sulphide  and  metallic  mercury. 

Ammoniacal  Mebcubt  Compounds.  Mkrcubammonium  Salts.  —  By  the 
action  of  ammonia  and  its  salts  on  mercury  compounds,  a  yariety  of  sub- 
stances are  formed  which  may  be  regarded  as  salts  of  mercurammoniums 
—  that  is,  of  ammonium-molecules  in  which  the  hydrogen  is  more  or  les$ 
replaced  by  mercury,  in  the  proportion  of  100  or  200  parts  of  mercury  to 
1  part  of  hydrogen,  according  as  the  compound  is  formed  from  a  mercurous 
or  a  mercuric  salt.  The  following  are  the  most  importpint  of  these  com- 
pounds :  — 

Mercuric  Compoundt.  —  Mercuro-diammonium  chloride^  (N,IT^Hg'')Cly  known 
in  pharmacy  as  fusible  white  precipitate^  is  produced  by  adding  potash  to  a 
solution  of  ammonio-mercuric  chloride,  (2NH^Cl.HgCl2),  or  by  dropping  a 
solution  of  mercuric  chloride  into  a  boiling  solution  of  sal-ammoniac  con- 
taining free  ammonia,  as  long  as  the  resulting  precipitate  redissolves:  it 
then  separates  on  cooling  in  regular  dodecahedrons.  At  a  gentle  beat  ii 
giyes  off  ammonia,  leaying  a  chloride  of  dimercur-ammonium  and  hydrogen, 
(NH,Hg''^)Cl.HCl: 

N,HeHg^/Cl,    =    NHjHg^^Cl,    +    NH^ 

Mereurammonium  chloride,  (NHjHg'')Cl.  —  This  salt,  known  in  pharmacy 
as  infusible  white  prec^itate,  is  formed  by  adding  ammonia  to  a  solution  of 
mercuric  chloride.  When  first  produced,  it  is  bulky  and  white,  but  bj 
contact  with  hot  water,  or  by  much  washing  with  cold  water,  it  is  conyerted 
into  hydrated  dimercurammonium  chloride,  NHg^^^CLOH^ 

Trimercuro'diammonium  nitrate,  (NjHjHg''^,)(N03)^.  20H,,  is  formed  as  a 
white  precipitflkte,  on  mixing  a  dilute  and  yery  acid  solution  of  mercuric 
nitrate  with  yery  dilute  ammonia. 

TVimercuro-diamine^  NjHg'^j.  a  compound  deriyed  from  a  double  molecule 
of  ammonia,  N,H«,  by  substitution  of  8  atoms  of  biyalent  mercury  for  6 
atoms  of  hydrogen,  is  formed  by  passing  dry  ammonia  gas  oyer  dry  pre 
cipitated  mercuric  oxide: 

8Hg^'0     4-     2NH,    =     N,Hg^',    -f-     SOH^ 

The  excess  of  oxide  being  remoyed  by  nitric  acid,  the  trimercuro-diamine 
is  obtained  as  a  dark-brown  powder,  which  explodes  by  heat,  friction, 
percussion,  or  contact  with  oil  of  vitriol,  almost  as  violently  as  nitrogen 
chloride. 

Vimereurammonium  chloride,  NHg'^,Cl.OH,,  is  obtained,  as  .already  ob- 
seryed,  by  boiling  mercurodianimonium  chloride  (infusible  white  precipi- 
tate) with  water.  It  is  a  heavy,  granular,  yellow  powder,  which  turns 
white  again  when  treated  with  sal-ammoniac. 

Vimereurammonium  iodide,  NHg'^  .  OH^.  —  This  compound  may  be  formed 
by  digesting  the  corresponding  chloride  in  a  solution  of  potassium  iodide; 
or  by  heating  mercuric  iodide  ¥rith  excess  of  aqueous  ammonia: 
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2HgI,  -f  4NH,  +  OH,  =  NHg^'V.OH,  +  8NHJ;      . 

also  bj  pMsing  ammonia  gas  over  mercurio  oxjr-iodide : 

Hg'VA     +    2NH,    =    2(NHg^V.0H,)    +    OH,; 

ftnd,  lastly,  by  adding  ammonia  to  a  solution  of  potassio-merourio  iodide 
mixed  with  cauatio  potash: 

2(2KI.  Hgl,)  -I-  NH,  +  3KH0  =  NHg'^ .OH,  -f  7KI  -f  20H,. 

This  last  reaction  affords  an  extremely  delicate  test  for  ammonia.  A  solu- 
tion of  potassio-niercuric  iodide  is  prepared  by  adding  potassium  iodide  to 
4  solution  of  corrosiTe  sublimate,  till  a  portion  only  of  the  resulting  red 
precipitate  ia  redissolved,  then  filteringf  and  mixing  the  filtrate  with  caustic 
potash.  .  The  liquid  thus  obtained  forms,  with  a  very  small  quantity  of 
amsionia.  either  free  or  in  the  form  of  an  ammoniacal  salt,  a  brown  pre- 
cipitate soluble  in  excess  of  potassium  iodide.  This  is  called  Nessler's  test 
for  ammonia.* 

Dimercurammanium  hydrate^  NHg'^  ,H0.  —  This  compound  is  formed  by 
treating  precipitated  mercuric  oxide  with  aqueous  ammonia,  or  by  treating 
either  of  the  dimereuraromonium  salts  with  a  caustic  alkali.  It  is  a  brown 
powder,  #bich  dissoWes  in  acids,  yielding  salts  of  dimercurammonium. 

Dimercurammanium  iulphaie^  (NHg^^,),S04  .  201A^  formerly  called  ammoni- 
aeal  turpetkum^  is  prepared  by  dissolving  mercuric  sulphate  in  ammonia, 
and  precipitating  the  solution  with  water.  It  is  a  heavy  white  powder, 
yellowish  when  dry,  resoWed  by  heat  into  water,  nitrogen,  ammonia,  and 
mercurous  sulphate. 

Merawous  CompouruU.  —  ]lfercuro$ammonium  chloride^  NHgHg^Cl,  is  the 
black  precipitate  formed  when  dry  calomel  is  exposed  to  the  action  of  am- 
monia gas.  When  exposed  to  the  air,  it  gives  off  ammonia  and  leaves  white 
mercurous  chloride.  —  Dimereurotammonium  chloride^  NHjHg^s^l,  is  formed, 
together  with  sal-ammoniac,  by  digesting  calomel  in  aqueous  ammonia: 

HgaCl,    -I-    2NII3    =    NH,Hg,Cl     +     NH^Q. 

It  is  gray  when  dry,  and  is  not  altered  by  boiling  water.  —  Dimereurotam- 
itonium  nitrate,  2(NH,HgJN0,.0H,.  This,  according  to  Kane,  is  the  com- 
position of  the  velvet-black  precipitate  known  as  Hahnemann's  soluble 
mercury,  which  is  produced  on  adding  ammonia  to  a  solution  of  mercurous 
nitrate.  According  to  C  G.  Mitscherlich,  on  the  other  hand,  the  precipi- 
tate thns  formed  has  the  composition  2NH,.N20g.8Hg,0,  which  is  that  of 
ahydrated  trimercurotammomum  nitrate,  2(NHHg,)N03.20H,. 


Reactions  0/  Mercun/  Salta.  —  All  mercury  compounds  are  volatilized  or 
decomposed  by  a  temperature  of  ignition :  those  which  fail  to  yield  the 
metal  by  simple  heating  may  in  all  cases  be  made  to  do  so  by  heating  in  a 
test-tube  with  a  little  dry  sodium  carbonate.  The  metal  is  precipitated 
from  its  soluble  combinations  by  a  pjate  of  copper,  and  also  by  a  solution 
of  itanttotu  chloride  used  in  excess. 

Hydrogen  aulphide,  and  ammonium  mlphide^  produce  in  solutions,  both  of 
mercuric  and  of  mercurous  salts,  black  precipitates  insoluble  in  ammonium 
sulphide.  In  merc.uric  salts,  however,  if  the  quantity  of  the  reagent  added 
is  not  sufficient  for  complete  decomposition,  a  white  precipitate  is  formed, 
consisting  of  a  compound  of  mercuric  sulphide  with  the  original  salt,  and 
often  colored  yellow  or  brown  by  excess  of  mercuric  sulphide.     An  excess 

•  Chemical  Qaxette,  1856,  pp.  445,  463. 
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of  hydrogen  sulphide,  or  ammonium  sulphide,  instantly  turns  the  precipi- 
tate black.     This  reaction  is  quite  characteristic  of  mercuric  salts. 

Mercuric  $all3  are  further  distinguished  by  forming  a  yellow  precipitate 
with  caustic  pota$h  or  aocUi;  white  with  ammonia  or  ammonium  carbonate,  in- 
soluble in  excess:  red-brown  with  potassium  or  toakum  carbonate.  With 
potagnum  iodide  they  yield  a  bright  scarlet  precipitate,  soluble  in  excess, 
either  of  the  mercuric  salt  or  of  the  alkaline  iodide. 

Mereurous  salts  are  especially  characterized  by  forming  with  hydrochloric 
add  or  soluble  chlorides,  a  white  precipitate  which  is  turned  black  by  am- 
monia. They  also  yield  black  precipitates  with  caustic  alkalus,  white  with 
alkaline  carbonates,  soon  turning  black ;  greenish-yellow  with  potatnum  iodide. 


Alloys  of  mercury  with  other  metals  are  termed  amalgams:  mercury  dis- 
soWes  in  this  manner  many  of  the  metals,  as  gold,  silyer,  tin,  lead,  &c. 
These  combinations  sometimes  take  place  with  considerable  violence,  as  in 
the  case  of  potassium,  in  which  light  and  heat  are  produced ;  besides  this, 
many  of  the  amalgams  crystallize  after  a  while,  becoming  solid.  The 
amalgam  of  tin  used  in  silvering  looking-glasses,  and  that  of  silver  and  of 
copper,  sometimes  employed  for  stopping  hollow  teeth,  are  examples. 
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THAIXimL 
Atomic  weight,  204.    Symbol,  TL 

THIS  element  was  disooTered  by  CrookeB,  in  1861,  in  the  seleniferoua 
deposit  of  a  lead-chamber  of  a  sulphuric  acid  factory  in  the  Harts 
mountains,  where  iron  pyrites  is  used  for  the  manufacture  of  sulphuric 
acid.  The  name  is  derived  from  $akX^,  **  green,"  because  its  existence  was 
first  recognised  by  an  intense  green  line,  appearing  in  the  spectrum  of  a 
flame  in  which  thallium  is  Tolatilised.  It  was  at  first  suspected  to  be  a 
metalloid,  but  further  examination  proved  it  to  be  a  true  metal.  It  was 
first  obtained  in  a  distinct  metallic  form  by  Crookes  towards  the  end  of  the 
year  1861,  and  soon  afterwards  by  Lamy,  who  prepared  it  from  the  deposit 
in  the  lead-chamber  of  M.  Kuhlmann,  of  Lille,  where  Belgian  pyrites  is 
employed  for  the  manufacture  of  sulphuric  acid. 

Thallium  appears  to  be  very  widely  diffused  as  a  constituent  of  iron  and 
copper  pyrites,  though  it  neyer  constitutes  more  than  the  4000th  part  of 
the  bulk  of  the  ores.  It  has  also  been  found  in  lepidolite  from  Moravia, 
in  mica  from  Zinnwald  in.  Bohemia,  and  in  the  mother-liquors  of  the  salt 
works  at  Naoheim. 

Thallium  is  most  economically  prepared  from  the  flue- dust  of  pyrites 
bamers.  This  substance  is  stirred  up  in  wooden  tubs  with  boiling  water, 
and  the  clear  liquor  siphoned  off  from  the  deposit  is  mixed  with  excess  of 
strong  hydrochloric  acid,  which  precipitates  impure  thallium  monochloride. 
To  obtain  a  pure  salt,  this  crude  chloride  is  added  by  small  portions  at  a 
time  to  half  its  weight  of  hot  oil  of  vitriol  in  a  porcelain  or  platinum  dish, 
the  mixture  being  constantly  stirred,  and  the  heat  continued  till  the  whole 
of  the  hydrochloric  acid  and  the  greater  portion  of  the  excess  of  sulphuric 
acid  are  driven  off.  The  fused  acid  sulphate  is  now  to  be  dissolved  in  an 
excess  of  water,  and  an  abundant  stream  of  hydrogen  sulphide  passed 
through  the  solution.  The  precipitate,  which  may  contain  arsenic,  anti- 
mony, bismuth,  lead,  mercury,  and  silver,  is  separated  by  filtration,  and 
the  filtrate  is  boiled  till  all  free  hydrogen  sulphide  is  removed.  The  liquid 
is  now  to  be  rendered  alkaline  with  ammonia,  and  boiled ;  the  precipitate 
of  iron  oxide  and  alumina,  which  generally  appears  in  this  place,  is  filtered 
off;  and  the  clear  solution  evaporated  to  a  small  bulk.  Thallium  sulphate 
then  separates  on  cooling,  in  long,  clear  prismatic  crystals. 

Metallic  thallium  may  be  reduced  from  the  solution  of  the  sulphate,  either 
by  electrolysis,  or  by  the  action  of  zinc. 

Thallium  is  a  heavy  metal,  resembling  lead  in  its  physical  properties. 
When  freshly  cut,  it  exhibits  a  brilliant  metallic  lustre  and  grayish  color, 
8ome%vhat  between  those  of  silver  and  lead,  assuming  a  slight  yellowish 
tint  by  friction  with  harder  bodies.  It  is  very  soft,  being  readily  cut  with 
a  knife,  and  making  a  streak  on  paper  like  plumbago.  It  is  very  malleable, 
is  not  easily  drawn  into  wire,  but  may  b^i  readily  squeezed  into  that  form 
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by  the  process  technicall J  called  "squirting."  It  has  a  highly  erjstalliiie 
structure,  and  crackles  like  tin  when  bent.     It  melts  at  294^^. 

In  contact  with  the  air,  thallium  tarnishes  more  rapidly  than  lead, 
becoming  coated  with  a  thin  layer  of  oxide,  which  preserves  the  rest  of 
the  metal. 

The  most  characteristic  property  of  thallium  is  the  intense  green  color 
which  the  metal  or  any  of  its  compounds  impart  to  a  colorless  flame ;  and 
this  color,  when  viewed  by  the  spectroscope,  is  seen  to  be  absolutely  mono- 
chromatic, appearing  as  one  intensely  brilliant  and  sharp  green  line. 

Thallium  dissolves  in  hydrochloric,  sulphuric,  and  nitric  acids,  the  latter 
attacking  it  very  energetically,  with  copious  evolution  of  red  vapora. 

Thallium  forms  two  classes  of  compounds  —  namely,  the  thaliimu  com- 
poundSf  in  which  it  is  univalent ;  and  the  thalUc  compounds,  in  which  it  is 
trivalent.  Thus  it  forms  two  oxides,  Tl^O  and  Tl^O^  with  corresponding 
chlorides,  bromides,  iodides,  and  oxygen-salts.  In  some  of  its  chemical 
relations  it  resembles  the  alkali-metals,  forming  a  readily  soluble  and  highly 
alkaline  monoxide,  a  soluble  and  alkaline  carbonate,  an  insoluble  platino- 
chloriiJe,  a  thallio-aluminic  sulphate,  similar  in  form  and  composition  to 
common  potash-alum,  and  several  phosphates  exactly  analogous  in  compo- 
sition to  the  phosphates  of  sodium.  In  most  respects,  however,  it  is  more 
nearly  allied  to  the  heavy  metals,  especially  to  lead,  which  it  resembles 
closely  in  appearance,  density,  melting  point,  specific  heat,  and  electric 
conductivity. 

Thallium  Chlorides.  —  Thallium  forms  four  chlorides,  represented  by 
the  formulas  TlCl,  Tl^Clg,  Tl^Cl^,  and  TlCl,;  the  second  and  third  of  which 
may  be  regarded  as  compounds  of  the  monochloride  and  trichloride. 

The  monochloride  or  Thallious  chloride,,  TlCl,  is  formed  by  direct  combina- 
tion, the  metal  burning  when  heated  in  chlorine  gas ;  or  as  a  white  curdy 
precipitate,  resembling  silver  chloride,  by  treating  the  solution  of  any 
thallious  salt  with  a  soluble  chloride.  When  boiled  with  water  it  dissolves 
like  lead  chloride,  and  separates  in  white  crystals  on  cooling.  It  forms 
double  salts  with  trichloride  of  gold  and  tetrachloride  of  platinum.  The 
platinum-9(Ut,  2T1C1.  PtCl^.  separates  as  a  pale  yellow  very  slightly  soluble 
crystalline  powder,  on  adding  platinic  chloride  to  thallious  chloride. 

The  trichloride  or  Thallic  chloride,  TlCl^  is  obtained  by  dissolving  the  tri- 
oxide  in  hydrochloric  acid,  or  by  acting  upon  thallium,  or  one  of  the  lower 
chlorides,  with  a  large  excess  of  chlorine  at  a  gentle  heat.  It  is  soluble  in 
water,  and  separates  by  evaporation  in  a  vacuum  in  hydrated  crystals; 
melts  easily,  and  decomposes  at  a  high  temperature.  It  forms  crystalline 
double  salts  with  the  chlorides  of  the  alkali-metals. 

The  eesquichloride,  T\JC\^  =  TlClj.STlCl,  is  produced  by  dissolTing  thal- 
lium or  the  monochloride  in  nitromuriatic  acid,  and  separates  on  cooling 
in  yellow  crystalline  scales.  By  aqueous  ammonia,  potash,  or  even  by 
thallious  oxide,  it  is  instantly  decomposed  into  sesquioxide  and  mono- 
chloride, according  to  the  equation : 

2T1^CI,  -f  3KH0  =  Tl,Oj  -|-  6TIC1  -f  3KC1  -f  3HC1. 

The  diehloHde,  T\f;\  =  TlCl,.  TlCl,  is  formed  by  carefully  heating  thal- 
lium, or  the  monochloride,  in  a  slow  current  of  chlorine.  It  is  a  pide-yel- 
low  substance  reduced  to  sesquichloride  by  further  heating. 

The  Bromides  of  thallium  resemble  the  chlorides. 

Iodides.  —  Thallious  iodide.  Til,  is  formed  by  direct  combination  of  its 
elements,  or  by  double  decomposition.  It  forms  a  beautiful  yellow  powder, 
rather  darker  than  sulphur,  and  melting,  below  redness,  to  a  scarlet  liquid, 
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which,  as  the  mass  cools,  remains  scarlet  for  some  time  after  solidification, 
then  chADges  to  bright-yellow.  The  dried  precipitate,  when  spread  on 
piper  with  a  little  gum-water,  undergoes  a  similar  but  opposite  change  to 
that  experienced  by  mercuric  iodide  when  heated,  the  yellow  surface  when 
held  oyer  a  flame  suddenly  becoming  scarlet,  and  frequently  remaining  so 
after  cooling  for  sereral  days ;  hard  friction  with  a  glass  rod,  however, 
changes  the  scarlet  color  back  to  yellow.  It  is  Tery  slightly  soluble  in 
water,  requiring,  according  to  Crookes,  4458  parts  of  water  at  17*2°,  and 
s424  parts  at  100°,  to  dissolve  it 

Tkailie  iodide,  TICI^  is  formed  by  the  action  of  thallium  on  iodine  dis- 
<olTcd  in  ether,  as  a  brow^n  solution  which  gradually  deposits  rhombic 
prisms.  It  forms  crystalline  compounds  with  the  iodides  of  the  alkali- 
metals. 

Thallium  Oxidbb. — Thallium  forms  a  monoxide  and  a  trioxide. 

The  monoxide,  or  Thallious  oxide,  TLO,  constitutes  the  chief  part  of  the 
crust  which  forms  on  the  surface  of  the  metal  when  exposed  to  the  air.  It 
may  be  prepared  by  allowing  granulated  thallium  to  oxidize  in  warm  moist 
air,  and  then  boiling  with  water.  The  filtered  solution  first  deposits  white 
needles  of  thallium  carbonate,  and,  on  further  cooling,  yellow  needles  of 
the  hydrate,  TIUO  or  T1,0.  HjO,  which,  when  left  over  oil  of  vitriol  in  a 
Tftcuum,  yields  the  anhydrous  monoxide  as  a  reddish-black  mass  retaining 
the  shape  of  the  crystals.  It  is  partially  reduced  to  metal  by  hydrogen  at 
a  red  heat.  When  fused  with  sulphur  it  yields  thallious  sulphide.  It  dis- 
solves readily  in  water,  forming  a  colorless  strongly  alkaline  solution,  which 
re-acts  with  metallic  salts  very  much  like  caustic  potash.  This  solution 
treated  with  sine,  or  subjected  to  electrolysis,  yields  metallic  thallium. 

The  trioxide,  or  Thallic  oxide^  is  the  chief  product  obtained  by  burning 
thallium  in  oxygen  gas.  It  is  best  prepared  by  adding  potash  to  the  solu- 
tion of  a  thallic  salt,  and  drying  the  precipitate  at  260°  C  (500°  F.).  It 
ia  also  formed  by  electrolysis  of  thallious  sulphate.  It  is  a  dark-red  pow- 
der reduced  to  thallious  oxide  at  a  red  heat ;  neutral,  insoluble  in  water 
and  in  alkalies.  Thallic  hydrate,  TP^-'HOj,  is  obtained  by  drying  the 
above-mentioned  precipitate  at  100°. 

OxTGCN  Salts. — Both  the  oxides  of  thallium  dissolve  readily  in  acids, 
forming  crystalline  salts,  soluble  in  water;  there  are  also  a  few  insoluble 
thallium  salts  formed  by  double  decomposition. 

ThalUofu  Carbonate,  COjTl,,  is  deposited  in  crystals,  apparently  trimetric, 
when  a  solution  of  thallious  oxide  is  exposed  to  the  air.  It  is  soluble  in 
water,  and  the  solution  has  a  slightly  caustic  taste  and  alkaline  reaction. 

Suiphaies. — Thallious  sulphate,  SO^Tl^  obtained  by  evaporating  the 
cliloride  or  nitrate  with  sulphuric  acid,  or  by  heating  nietnllic  thallium 
^vith  that  acid,  crystallizes  in  anhydrous  rhombic  prisms,  isomorphous  with 
potassium  sulphate.  It  forms,  with  aluminium  sulphate,  the  salt  (SO^)^ 
\[///'fl  ]20H2,  isomorphous  with  common  alum;  and  with  the  sulphates 
of  magnesium,  nickel,  &c.,  double  salts  containing  6  molecules  of  water, 
and  isomorphous  with  magnesium  and  potassium  sulphate,  &c.  (p.  849). — < 
Thallic  jtulphafe,  (SO^^jTlj^^^.TOHj.  separates  by  evaporation  from  a  solution 
or  thallic  oxide  in  dilute  sulphuric  acid,  in  thui  colorless  laminte,  wliicii  uro 
decomposed  by  water,  even  in  the  cold,  with  separation  of  brown  thallic 
oxids. 

Phoephates.  — The  thallious  phosphates  form  a  series  nearly  as  complete 
&s  those  of  the  alkali-metals,  which  they  also  resemble  in  their  behavior 
when  heated.  There  are  three  orthopkosphalee  containing  respectively  PO. 
H,Tl,  PO^HTl,,  and  PO4TI5.  The  first  two  are  soluble  in  water;  the  second 
u  obtained  by  neutralising  dilute  phosphoric  acid  at  boiling  heat  with  thai- 
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lious  carbonate;  and  the  first  bj  mixing  the  dithallions  salt  with  excess  of 
phosphoric  acid.  The  trilheUiiotu  salt,  PO4TI,,  is  very  sparingly  soluble. 
And  is  formed  as  a  crystalline  precipitate  on  mixing  the  saturated  solutions 
of  ordinary  disodic  phosphate  and  thallious  sulphate ;  also,  together  with 
ammonio-thallious  phosphate,  by  treating  the  monothallious  or  dithallious 
salt  with  excess  of  ammonia.  There  are  two  thallious  j^frophospAates^  ^/-^t 
H^Tl,  and  P^O^Tl^,  both  very  soluble  in  water :  the  first  produced  by  care- 
fully heating  monothallious  orthophosphate,  the  second  by  strongly  heating 
dithallious  orthophosphate.  Of  thallious  metaphosphate,  FO3TI,  there  are 
two  modifications :  the  first  remaining  as  a  slightly  soluble  Titreous  ma^ 
when  monothallious  orthophosphate  is  strongly  ignited,  the  second  obtained 
as  an  easily  soluble  glass  by  igniting  ammonio-thallious  orthophosphate. 

Thallic  orthophosphate,  PO^TK^^.  2011,,  separates  as  an  insoluble  gelatinous 
precipitate  on  diluting  a  solution  of  thallic  nitrate  mixed  with  phosphoric 
acid. 

Thallium  Sulphide,  TI^S.  — This  compound  is  precipitated  from  all  thal- 
lious salts  by  ammonium  sulphide,  and  from  the  acetate,  carbonate,  or 
oxalate,  by  hydrogen  sulphide  (incompletely  also  from  the  nitrate,  sulphate 
or  chloride),  in  dense  flocks  of  a  grayish  or  brownish -black  color.  TLallie 
salts  appear  to  be  reduced  to  thallious  salts  by  boiling  with  ammonium 
sulphide.  Thallium  sulphate  projected  into  fused  potassium  cyanide  is  re- 
duced to  sulphide,  which  then  forms  a  brittle  metallic-looking  mass,  having 
the  lustre  of  plumbago,  and  fusing  more  readily  than  metallic  thallium. 


Reactions  of  Thallium  salts.  —  The  reactions  of  thallious  salts  with  hydrogen 
sulphide  and  ammonium  sulphide  have  just  been  mentioned.  From  their 
aqueous  solutions  thallium  is  rapidly  precipitated  in  metallic  crvstals  by 
zinc,  slowly  by  iron.  Soluble  chlorides  precipitate  difficultly  soluble  white 
thallious  chloride ;  soluble  bromides  throw  down  white,  nearly  insoluble 
bromide ;  soluble  iodides  precipitate  insoluble  yellow  thallious  iodide. 
Caustic  alkalies  and  alkaline  carbonates  form  no  precipitate;  sodium  pkos' 
phate  forms  a  white  precipitate,  insoluble  in  ammonia,  easily  soluble  in 
acids. 

l*otassium  chromate  gives  a  yellow  precipitate  of  thallious  chromate,  in- 
solublo  in  cold  nitric  or  sulphuric  acid,  but  turning  orange- red  on  boiling 
in  the  acid  solution. — PlaUnic  chloride  precipitates  a  very  pale-yellow  iu« 
soluble  double  salt. 

Thallic  salts  are  easily  distinguished  from  thallious  salts  by  their  be- 
haviour with  alkalies,  and  with  soluble  chlorides  or  bromides  Their  solu- 
tions give  with  ammonia,  and  with  Jized  alkalies  and  their  carbonates,  a  brown 
gelatinous  precipitate  of  thallic  oxide,  containing  the  whole  of  the  thalliuni. 
Soluble  chlorides  or  bromides  produce  no  precipitate  in  soluiions  of  pure 
thallic  salts ;  but  if  a  thallious  salt  is  likewise  present,  a  precipitate  of 
scsquichloride  or  sesquibromide  is  formed.  Oxalic  acid  forms  in  solutions 
of  thallic  salts  a  white  pulverulent  precipitate;  phosphoric  and  a  while 
gelatinous  precipitate;  and  arsenic  acid  a  yellow  gelatinous  precipitate. 
Thallic  nitrate  gives  with  potassium  ferrocyanide  a  green,  and  with  the  ferri- 
cyanide  a  yellow  precipitate. 

In  examining  a  mixed  metallic  solution,  thallium  will  be  found  in  the 
precipitate  thrown  down  by  ammonium  sulphide,  together  with  iron,  nickel, 
manganese,  &c.  From  these  metals  it  may  be  easily  separated  by  precipi- 
tation with  potassium  iodide  or  platinic  chloride,  or  by  reduction  to  the 
metallic  state  with  zinc. 

Thallium  salts  are  reduced  before  the  blowpipe  with  charcoal  and  sodium 
carbonate  or  potassium  cyanide.  The  green  color  imparted  to  flame  by 
thallium,  and  the  peculiar  character  of  its  spectrum,  have  already  been 
mentioned. 
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GOLD. 

Atomic  weight,  196*7.     Symbol,  Au  (Aurom). 

Gold,  in  small  quantities,  is  a  rerj  widely  diffused  metal ;  traces  of  it  are 
constantly  found  in  the  iron  pyrites  of  the  more  ancient  rocks.  It  is  always 
met  with  in  the  metallic  state,  sometimes  beautifully  crystalliied  in  the  cubic 
form,  aaaociated  with  quarti,  iron  oxide,  and  other  substances,  in  regular 
mineral  veinB.  The  sands  of  various  rivers  have  long  furnished  gold  derived 
from  this  source,  and  separable  by  a  simple  process  of  washing ;  such  is  the 
gold'duMi  of  commerce.  When  a  veinstone  is  wrought  for  gold,  it  is  stamped 
to  powder,  and  shaken  in  a  suitable  apparatus  with  water  and  mercury ;  an 
amalgam  is  thus  formed,  which  is  afterwards  separated  from  the  ;nixture 
and  decomposed  by  distillation.  Formerly,  the  chief  supply  of  gold  was 
obtained  from  the  mines  of  Braiil,  Hungary,  and  the  Ural  moimtains;  but 
California  and  Australia  now  yield  by  far  the  largest  quantity.  The  new 
goM-field  of  British  Columbia  is  also  very  productive. 

Native  gold  is  almost  always  alloyed  with  silver.  The  purest  specimens 
have  been  obtained  from  Schabrowski,  near  Katharinenburg,  in  the  Ural. 
A  specimen  annlyied  by  Gustav  Rose  was  found  to  contain  98-96  per  cent, 
of  gold.  The  Californian  gold  averages  from  87*5  to  88*6  per  cent.,  and 
the  Australian  from  96  to  96-6  per  cent.  In  some  specimens  of  native  gold,  as 
m  that  from  Linarowski,  in  the  Altai  mountains,  the  percentage  of  gold  is 
as  low  as  60  per  cent.,  the  remainder  being  silver.  There  is  also  an  auri- 
ferous silver  found  at  Konigsberg,  in  Hungary,  containing  28  per  cent,  of 
gold  and  72  of  silver. 

Pure  gold  is  obtained  from  its  alloys  by  solution  in  nitro-muriatic  acid 
and  precipitation  with  a  ferrous  salt,  which  reduces  the  gold,  and  is  itself 
converted  into  a  ferric  salt,  thus : 

esO^Fe  -f-  2AuCl,  =  2(S0J,Fe^>'>',  +  Ve''\C\  +  Au,. 

Ferrons  Anric  Ferric  Ferric  Gold, 

sulpluite.         chloride.  sulphate.  chloride. 

The  gold  falls  as  a  brown  powder  which  acquires  the  metallic  lustre  by 
friction. 

Gold  is  a  soft  metal,  having  a  beautiful  yellow  color.  It  8urpa.S!<es  all 
other  metals  in  malleability,  the  thinnest  gold  leaf  not  exceeding,  it  is  said. 
TVnlvTT  ^^  ^°  \nc)i  in  thickness,  while  the  gilding  on  the  silver  wire  usimI  in 
the  manufacture  ot  gold-lace  is  still  thinner.  It  may  also  be  drawn  into 
very  fine  wire.  Gold  has  a  density  of  19-5:  it  melts  at  a  temperature  a 
little  above  the  fusing  point  of  silver.  Neither  air  nor  wator  nffec'ts  it  in 
the  least  at  any  temperature;  the  ordinary  acids  fail  to  attack  it  singly.  A 
mixture  of  nitric  and  hydrochloric  acids  dissolves  gold,  however,  with  ea^^c, 
the  active  agent  being  the  liberated  chlorine. 

Gold  forms  two  series  of  compounds:  the  aurous  compounds^  in  which  it  is 
nniTalent,  as  AuCl,  Au,0,  &c.,  and  the  auric  compound^  in  which  it  is  triva- 
lent,  as  Au'^'Cl,.  Au^^^.O,,  &c. 

Cblo&ides.  —  The  monochloride  or  Aurotu  chloride,  AuCl,  is  produced  when 
the  trichloride  is  evaporated  to  dryness,  and  exposed  to  a  heat  of  227°  C. 
[WP  F.),  until  chlorine  ceases  to  bo  exhaled  It  forms  a  yellowish-white 
mass,  insoluble  in  water.  In  contact  with  that  liquid  it  is  decomposed 
slowly  in  the  cold,  and  rapidly  by  the  aid  of  heat,  into  metallic  gold  and 
trichloride. 

The  trichloride,  or  Auric  chloride,  AuClj.  is  the  mo.st  important  compound 
of  gold:  it  is  always  produced  when  gold  is  dissolved  in  uitro- muriatic  acid. 
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The  deep-yellow  solution  thus  obtained  yields,  by  eyaporation,  yellow  crys- 
tals of  the  double  chloride  of  gold  and  hydrogen :  when  this  is  caatioaslj 
heated,  hydrochloric  acid  is  expe^Ued,  and  the  residue,  on  cooling,  solidifies 
to  a  red  crystalline  mass  of  auric  chloride,  very  deliquescent,  and  soluble  in 
water,  alcohol,  and  ether.  Auric  chloride  combines  with  a  number  of  me- 
tallic chlorides,  forming  a  series  of  double  salts,  called  chloro-nuralet^  of 
which  the  general  formula  in  the  anhydrous  state  is  MCLAuCl^  M  repre- 
senting an  atom  of  a  monad  metal.  These  compounds  are  mostly  yellow 
when  in  crystals,  and  red  when  deprived  of  water.  The  trnvntonntm  salt, 
NH4Gl.AuCl3.OH,,  crystallizes  in  transparent  needles;  (he  sodium  salt, 
NaCi. AuClj .  'iOH,,  in  long  four-sided  prisms.  Auric  chloride  likewise  forms 
crystalline  double  salts  with  the  hydrochlorides  of  many  organic  baaes. 

A  mixture  of  auric  chloride  with  excess  of  acid  potassium  or  sodium  car- 
bonate is  used  for  gilding  small  ornamental  articles  of  copper:  these  are 
cleaned  by  dilute  nitric  acid,  and  then  boiled  in  the  mixture  for  some  time, 
by  which  means  they  acquire  a  thin  but  perfect  coating  of  reduced  gold. 

Oxides.  —  The  monoxide,  or  Auroiu  oxidey  is  produced  when  caustic  potash 
in  solution  is  poured  upon  the  monochloride.  It  is  a  green  powder,  partly 
soluble  in  the  alkaline  liquid ;  the  solution  rapidly  decomposes  into  meialUe 
gold,  which  subsides,  and  auric  oxide,  which  remains  dissolved. 

Triozide,  or  Auric  oxide,  AUO3.  —  When  magnesia  is  added  to  auric  chlor- 
ide, and  the  sparingly  soluble  aurate  of  magnesium  well  washed  and 
digested  with  nitric  acid,  auric  oxide  is  left  as  an  insoluble  reddish-yellow 
powder,  which  when  dry  becomes  chestnut-brown.  It  is  easily  reduced  by 
heat,  and  also  by  mere  exposure  to  light ;  it  is  insoluble  in  oxygen-acids, 
with  the  exception  of  strong  nitric  acid,  insoluble  in  hydrofluoric  acid, 
easily  dissolved  by  hydrochloric  and  hydrobromic  acids.  Alkalies  dissolve 
it  freely :  indeed,  the  acid  properties  of  this  substance  are  very  strongly 
marked;  it  partially  decomposes  a  solution  of  potassium  chloride  when 
boiled  with  that  liquid,  potassium  hydrate  being  produced.  When  digested 
with  ammonia,  it  yields  fulminating  gold  consisting,  according  to  Berzelins, 
of  Au,0,  4NHj  OH,. 

The  compounds  of  auric  oxide  with  alkalies  are  called  avrafes.  The 
potassium  salt,  Au-Og.OK, .  60H,,  or  AuO,K.80H,,  is  a  crystalline  salt,  the 
solution  of  which  is  sometimes  used  as  a  bath  for  electro-gilding.  A  com- 
pound of  aurate  and  acid  sulphite  of  potassium,  or  potassium  aurosulpkite, 
2(Au0j,K.4S08HK) .  OH,,  is  deposited  in  yellow  needles  when  potassium 
sulphite  is  added,  drop  by  drop,  to  an  alkaline  solution  of  potassium  aurate. 

Gold  shows  but  little  tendency  to  form  oxygen-salts.  Auric  oxide  dis- 
solves in  strong  nitric  acid,  but  the  solution  is  decomposed  by  evaporation 
or  dilution.  A  sodio-aurous  ht/posulphitey  rS,03)jAuNa3.20Hp  is  prepared  by 
mixing  the  concentrated  solutions  of  auric  chloride  and  sodium  hyposnl- 
phite,  and  precipitating  with  alcohol.  It  is  very  soluble  in  water  and 
crystallizes  in  colorless  needles.  Its  solution  is  used  for  fixing  daguerreo- 
type pictures.  With  barium  chloride,  it  yields  a  gelatinous  precipitate  of 
bario-aurous  hyposulphite,  (S,03)4Au,Ba''''5. 

Sulphides. — Aurous  sulphide,  AugS,  is  formed  as  a  dark-brown,  almost 
black  precipitate  when  hydrogen  sulphide  is  passed  into  a  boiling  solution 
of  auric  chloride.  It  forms  sulphur-salts  with  the  monosulphides  of  potas- 
sium and  sodium.  Aurie  sulphide,  \\x^^  is  precipitated  in  yellow  flocks 
when  hydrogen  sulphide  is  passed  into  a  cold  dilute  solution  of  auric 
chloride.     Both  these  sulphides  dissolve  in  ammonium  sulphide. 


The  presence  of  gold  in  solution  may  be  detected  by  the  brown  precipi- 
tate with  ferrous  sulphate,  fusible  before  the  blowpipe  to  a  bead  of  metallic 
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gold;  also  by  the  brown ish-parple  precipitate,  called  ** Purple  of  Cassius," 
formed  when  stannous  chloride  is  added  to  dilute  gold  solutions.  The  com- 
position of  this  precipitate  is  not  exaoiljr  known,  but  after  ignition  it 
doubtless  consists  of  a  mixture  of  stannic  oxide  and  metallic  gold.*  It  is 
used  in  enamel  pa'nting. 

OxttUe  add  slowly  reduces  gold  to  the  metallic  state :  to  insure  complete 
precipitation,  the  gold-solution  must  be  digested  with  it  for  24  hours.  For 
the  quantitative  analysis  of  a  solution  containing  gold  and  other  metals, 
oxalic  acid  is  in  most  cases  a  more  conrenient  precipitant  than  ferrous  sul- 
phate; inasmuch  as,  if  the  quantities  of  the  other  metals  are  also  to  be 
determined,  the  presence  of  a  large  quantity  of  iron  salt  may  complicate 
the  analysis  considerably. 

Gold  intended  for  coin,  and  most  other  purposes,  is  alwnys  alloyed  with 
ft  certain  proportion  of  silver  or  copper,    to  increase  its  hardness  and 
durability :  the  first*named  metal  confers  a  pale  greenish  color.     English 
standard  gold  contains  ^j  of  alloy,  now  always  copper.     Gold  when  alloyed 
with  copper  may  be  estimated  by  fusion  in  a  cupel  with  lead,  in  the  same 
way  as  in  the  alloy  with  silver.     If  the  alloy  be  free  from  silver,  the  weight 
of  the  globule  of  gold  left  in  the  cupel  will,  after  repeated  fusions,  accu- 
rately represent  the  quantity  of  gold  which  is  present  in  the  alloy.     But 
if  the  alloy  contains  silver,  that  metal  remains  with  the  gold  after  cupella- 
tion.     In  this  case  the  original  alloy,  consi>ting  of  gold,  silver,  and  copper, 
is  fused  in  the  muffle  together  with  lead  and  silver;  the  alloy  of  gold  and 
silver  remaining  after  cupellation  is  then  boiled  with  nitric  acid,  which 
dissolves  the  silver,  the  gold  being  left  behind.     By  treatment  of  the  alloy 
of  gold  and  silver  with  nitric  acid,  an  accurate  separation  is  obtained  only 
when  the  two  metals  are  present  in  certain  proportions.     If  the  alloy  con- 
tains but  little  silver,  that  metal  is  protected  from  the  action  of  the  nitric 
acid  by  the  gold ;  again,  if  it  contains  too  much  silver,  the  gold  is  left  as  a 
powder  when  the  silver  is  dissolved  out.     Experience  has  shown  that  the 
most  favorable  proportions  are  \  gold  to  }  silver;  the  gold  is  then  left 
pure,  retaining  the  original  shape  of  the  alloy,  and  can  be  easily  dried  nnd 
weighed.    The  quantity  of  silver  which  is  added  to  the  alloy  must  there- 
fore vary  with  the  amount  of  gold  which  it  contains. 

Gold-leaf  is  made  by  rolling  out  plates  of  pure  gold  as  thin  as  possible, 
ind  then  beating  them  between  folds  of  membrane  with  a  heavy  hammer, 
until  the  requisite  degree  or  tenuity  has  been  reached.  The  leaf  is  made 
to  adhere  to  wood,  &c.,  by  size  or  varnish. 

Gilding  on  copper  has  very  generally  been  performed  by  dipping  the 
articles  into  a  solution  of  mercury  nitrate,  and  then  shaking  them  with 
a  small  lump  of  a  soft  amalgam  of  gold  with  that  metal,  which  thus  be- 
comes spread  over  their  surfaces:  the  articles  are  subsequently  heated  to 
expel  the  mercury,  and  then  burnished.  Gilding  on  steel  is  done  either 
by  applying  a  solution  of  auric  chloride  in  ether,  or  by  roughening  the  sur- 
face of  the  metal,  heating  it,  and  applying  gold-leaf  with  a  burnisher. 
Gilding  by  electrolysis — an  elegant  and  simple  method,  now  rapidly  super- 
seding many  of  the  others  —  has  already  been  noticed.  The  solution  usu- 
ally employed  is  obtained  by  dissolving  oxide  or  cyanide  of  gold  in  a  solu- 
tion of  potassium  cyanide. 

•  Qrahom'B  Elements  of  Chemiitry,  Am.  edit.  p.  4fi9, 
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FLATIHUK. 

Atomic  weight,  197-4.     Symbol,  Pt. 

PLATINUM,  palladium,  rhodium,  iridium,  ruthenium,  and  osmium,  form 
a  group  of  metals,  allied  in  some  cases  by  properties  in  common,  and 
still  more  closely  by  their  natural  association.  Crude  platinum,  ti  native 
alloy  of  platinum,  palladium,  rhodium,  iridium,  and  a  little  iron,  occuns 
in  grains  and  rolled  masses,  sometimes  of  tolerably  large  dimensions,  mixed 
with  gravel  and  transported  materials,  on  the  slope  of  the  Ural  mountains, 
in  Russia,  in  Brazil,  and  Ceylon,  and  in  a  few  other  places.  It  has  never 
been  seen  in  the  rock,  which,  however,  is  judged  from  the  accompaDying 
materials  to  have  been  serpentine.  It  is  stated  to  be  always  present  in 
small  quantities  with  native  silver. 

From  this  substance  platinum  is  prepared  by  the  following  process :  The 
crude  metal  is  acted  upon  as  far  as  possible  by  nitro-muriatic  acid,  contain- 
ing an  excess  of  hydrochloric  acid  and  slightly  diluted  with  water,  in  order 
to  dissolve  as  small  a  quantity  of  iridium  as  possible:  to  the  deep  yellow- 
ish-red and  highly  acid  solution  thus  produced,  sal-ammoniac  is  iidded,  by 
which  nearly  the  whole  of  the  platinum  is  thrown  down  in  the  state  of  am- 
monium platinochloride.  This  substance,  washed  with  a  little  cold  water, 
dried,  and  heated  to  redness,  leaves  metallic  platinum  in  the  spongy  state. 
This  metal  cannot  be  fused  into  a  compact  mass  by  ordinary  furnace-heat, 
but  the  same  object  may  be  accomplished  by  taking  advantage  of  its  prop- 
erty of  welding,  like  iron,  at  a  high  temperature.  The  spongy  platinum 
is  made  into  a  thin  uniform  paste  with  water,  introduced  into  a  slightly 
conical  mould  of  brass,  and  subjected  to  a  graduated  pressure,  by  which 
the  water  is  squeezed  out,  and  the  mass  rendered  at  length  sufficiently  solid 
to  bear  handling.  It  is  then  dried,  very  carefully  heated  to  whiteness,  and 
hammered,  or  subjected  to  powerful  pressure.  If  this  operation  is  properly 
conducted,  tlie  platinum  will  then  be  in  a  state  to  bear  forging  into  a  bar. 
which  can  afterwards  be  rolled  into  plates,  or  drawn  into  wire,  at  pleasure. 

A  method  for  refining  platinum  has  lately  been  proposed  by  MM.  Dcvillc 
and  Debray.*  It  consists  in  submitting  the  crude  metal  to  the  action  of  iin 
intensely  high  temperature  in  a  crucible  of  lime.  The  apparatus  they  em- 
ploy is  as  follows :  The  lower  part  of  the  furnace  consists  of  a  piece  of 
lime,  hollowed  out  in  the  centre  to  the  depth  of  about  a  quarter  of  an  inch: 
a  small  notch  is  filed  at  one  side  of  this  basin,  through  which  the  metal 
is  introduced  and  poured  out.  A  cover  made  of  another  piece  of  lime  fit? 
on  the  top  of  this  bnsin :  it  is  also  hollowed  to  a  small  extent,  and  has  a 
conical  perforation  at  the  top,  into  which  is  inserted  the  nozzle  of  an  oxy- 
hydrogen  blowpipe.  The  whole  arrangement  is  firmly  bound  with  iron 
wire.  To  use  the  apparatus,  the  stopcock  supplying  the  hydrogen  (or  oonl 
gas)  is  opened  and  the  gas  lighted  at  the  notch  in  the  crucible:  the  oxygen 

•  Ann.  Chim.  Phjs.  [31  Ivi.  8S6. 
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is  then  gradually  supplied ;  and  when  the  farnace  is  sufficiently  hot,  the 
metal  is  intr<Klaeed  in  small  pieces  through  the  orifice.  By  this  arrange* 
ment  as  much  as  60  pounds  of  platinum  and  more  may  be  fused  at  once. 
All  the  impurities  in  the  platinum,  except  the  iridium  and  rhodium,  are 
separated  in  this  manner:  the  gold  and  palladium  are  Tolatilized;  the 
Bulphnr,  phosphorus,  arsenic,  and  osmium,  oxidized  and  volatilized;  and 
the  iron  and  copper  oxidized  and  absorbed  by  the  lime  of  the  crucible. 

Platinum  is  a  little  whiter  than  iron :  it  is  exceedingly  malleable  and 
ductile,  both  hot  and  cold,  and  is  very  infusible,  melting  only  before  the 
oxy -hydrogen  blowpipe,  or  in  the  powerful  blast-furnace  just  described. 
It  is  the  heaTiesi  substance  known,  ita  specific  gravity  being  21  -6.  Neither 
air,  moisture,  nor  the  ordinary  acids  attack  platinum  in  the  slightest  degree 
ftt  any  temperature :  hence  its  great  value  in  the  construction  of  chemical 
vessels.  It  is  dissolved  by  nitro- muriatic  acid,  and  superficially  oxidized 
by  fused  potassium  hydrate,  which  enters  into  combination  with  the  oxide. 

The  remarkable  property  of  the  spongy  metal  to  determine  the  union  of 
oxy^^en  and  hydrogen  has  been  already  noticed.  There  is  a  still  more 
curious  state  in  which  platinum  can  be  obtained  —  ihni  of  platmum-blaekf 
in  which  the  division  is  carried  much  further.  It  is  easily  prepared  by 
boiling  a  solution  of  platinic  chloride,  to  which  an  excess  of  sodium  car* 
bonste  and  a  quantity  of  sugar  have  been  added,  until  the  precipitate 
formed  after  a  little  time  becomes  perfectly  black,  and  the  supernatant 
liquid  colorless.  The  black  powder  is  collected  on  a  filter,  washed  and  dried 
by  gentle  heat.  This  substance  appears  to  possess  the  property  of  con- 
densing gases,  more  especially  oxygen,  into  its  pores  to  a  very  great  extent; 
when  placed  in  contact  with  a  solution  of  formic  acid,  it  converts  the  latter, 
with  copious  effervescence,  into  carbonic  acid ;  alcohol,  dropped  upon  the 
pUtinum-black,  becomes  changed  by  oxidation  to  acetic  acid,  the  rise  of 
temperature  being  often  sufficiently  great  to  cause  inflammation.  When 
exposed  to  a  red-heat,  the  black  substance  shrinks  in  volume,  assumes  the 
appearance  of  common  spongy  platinum,  and  loses  these  peculiarities,  which 
are  no  doubt  the  result  of  its  excessively  comminuted  state. 

Platinum  forms  two  series  of  compounds:  the  platinoua  compounds^  in 
which  it  is  bivalent,  e.  g.  Pt'^^'Gl,.  Pt^^O,  and  the  plaiinie  compountU,  in  which 
it  is  quadrivalent,  e.ff,y  Pt^^Cl^,  Pt^^O,,  &o. 

GsLOBinas.  —  The  diekloridej  or  Flatinous  chloride,  Pt^^Cl^f  is  produced 
when  platinic  chloride,  dried  and  powdered,  is  exposed  for  some  time  to 
heat  of  about  200^,  whereby  half  the  chlorine  is  expelled ;  also,  when  sul- 
pharous  acid  gas  is  passed  into  a  solution  of  the  tetrachloride  until  the 
latter  ceases  to  give  a  precipitate  with  sal-ammoniac.  It  is  a-greenish-gray 
powder,  insoluble  in  water,  but  dissolved  by  hydrochloric  acid.  The  latter 
solution,  mixed  with  sal-ammoniac  or  potassium  chloride,  deposits  a  double 
salt  in  fine  red  prismatic  crystals,  containing,  in  the  last  case,  2KCl.PtCl2. 
The  corresponding  sodium-coinpound  is  very  soluble  and  difficult  to  crys- 
tallize. These  double  salts  are  called  platinotch-chloridea  or  chloroplafinitcs. 
Platinous  chloride  is  decomposed  by  heat  into  chlorine  and  metallic  platinum. 

The  tetrachloride,  or  Platinic  chloride,  Pt''Cl4,  is  always  loimed  when 
platinum  is  dissolved  in  nitro-muriatic  acid.  The  acid  solution  yields,  on 
evaporation  to  dryness,  a  red  or  brown  residue,  deliquescent,  and  very 
soluble  both  in  water  and  in  alcohol;  the  aqueous  solution  has  a  pure 
orange-yellow  tint.  Platinic  chloride  unites  with  a  great  variety  of  metal- 
lic chlorides,  forming  double  salts  called  platino-chloridet  or  chlaro-platinates  ; 
the  most  important  of  these  compounds  are  those  containing  the  metals  of 
the  alkalies  and  ammonium.  Potassium  platinochloride,  2KCl.PtCl4,  forms  a 
bright  yellow  crystalline  precipitate,  being  produced  whenever  solutions 
of  the  chlorides  of  platinum  and  of  potassium  are  mixed,  or  a  potassium 
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salt  mixed  with  a  little  hydrochloric  acid  is  added  to  platinam  teirmcUoride. 
It  is  feebly  soluble  in  water,  still  less  soluble  in  dilute  alcohol,  and  is  de- 
composed with  some  difficulty  by  heat.  It  is  easily  reduced  by  hydrogen 
at  a  high  temperature,  yielding  a  mixture  of  potassium  chloride  and  plati- 
num-black: the  latter  substance  may  thus,  indeed,  be  very  easily  prepared. 
The  aodium-talU  2NaCl.PtCl4  bOH^  is  very  soluble,  crystallizing  in  large, 
transparent,  yellow-red  prisms  of  great  beauty.  The  ammomum-aaU^  2NH4 
Cl.PtCl^.  is  undistinguishable,  in  physical  characters,  from  the  polassium- 
salt ;  it  is  thrown  down  as  a  precipitate  of  small,  transparent,  yellow,  octo- 
hedral  crystals  when  sal-ammoniac  is  mixed  with  platinic  chloride;  it  i^ 
but  feebly  soluble  in  water,  still  less  so  in  dilute  alcohol,  and  is  decomposed 
by  heat,  yielding  spongy  platinum,  while  sal-ammoniac,  hydrochloric  acid, 
and  nitrogen  are  driven  off.  Platinic  chloride  also  forms  crystallizable 
double  salts  with  the  hydrochlorides  of  many  organic  bases;  with  etbyU- 
mine,  for  example,  the  compound,  2[NHg(CgH.)HCl].PtCl4. 

The  bromides  and  iodides  of  platinum  are  analogous  in  composition  to  the 
ehlorideSf  and  likewise  form  double  salts  with  alkaline  bromides  and  iodides. 

Oxides.  —  The  monozidcy  or  Platinous  oxide^  Pt'^^O,  is  obtained  by  digesting 
the  dichloride  with  caustic  potash,  as  a  black  powder,  soluble  in  excess  of 
alkali.  It  dissolves  also  in  acids  with  brown  color,  and  the  solutions  are 
not  precipitated  by  sal-ammoniac.  When  platinum  dioxide  is  heated  with 
solution  of  oxalic  acid,  it  is  reduced  to  monoxide,  which  remains  dissolved. 
The  liquid  has  a  dark-blue  color,  and  deposits  fine  copper-red  needles  of 
platinous  oxalate. 

The  dioxide,  or  Platinic  oxide^  Pt'^O,.  is  best  prepared  by  adding  barium 
nitrate  to  a  solution  of  platinic  sulphate ;  barium  sulphate  and  platinic 
nitrate  are  then  produced,  and  from  the  latter  caustic  soda  precipitates 
one  half  of  the  platinum  as  platinic  hydrate.  The  sulphate  is  itself  obtained 
by  acting  with  strong  nitric  acid  upon  platinum  bisulphide,  which  falls  as 
a  black  powder  when  a  solution  of  the  tetrachloride  is  dropped  into  potas- 
sium sulphide.  Platinic  hydrate  is  a  bulky  brown  powder,  which,  when 
gently  heated,  becomes  black  and  anhydrous.  It  may  also  be  formed  by 
boiling  platinic  chloride  with  a  great  excess  of  caustic  soda,  and  then  adding 
acetic  acid.  It  dissolves  in  acids,  and  also  combines  with  bases :  the  salts 
have  a  yellow  or  red  tint,  and  a  great  disposition  to  unite  with  salts  of  the 
alkalies  and  alkaline  earths,  giving  rise  to  a  series  of  double  compound:}, 
which  are  not  precipitated  by  excess  of  alkali.  A  combination  of  platinic 
oxide  with  ammonia  exists,  which  is  explosive.  Both  oxides  of  platinum 
are  reduced  to  the  metallic  state  by  ignition. 

Sulphides.  — The  compounds  Pt^^S  and  Pt^'S^are  produced  by  the  action 
of  hydrogen  sulphide,  or  the  sulph-hydrate  of  an  alkali-metal,  on  the  di- 
chloride and  tetrachloride  of  platinum  respectively ;  they  are  both  black 
substances,  insoluble  in  water.  Platinic  sulphide  heated  in  a  close  vessel 
gives  off  half  its  sulphur  and  is  reduced  to  platinous  sulphide.  It  dissolves 
in  alkaline  hydrates,  carbonates,  and  sulphides,  forming  salts  called  ndpho- 
platinates,  which  are  decomposed  by  acidai. 

Ammoniacal  Platinum  Compounds. 

The  chlorides,  oxides,  sulphates,  &c.,  of  platinum  are  capable  of  taking 
up  two  or  more  molecules  of  ammonia,  and  forming  compounds  analogous 
in  many  respects  to  the  ammoniacal  mercury  compounds  already  described. 
There  arc  five  series  of  these  compounds,  which  may  be  formulated  as  in 
the  following  table,  the  symbol  R  denoting  a  univalent  chlorous  radical, 
such  as  CI,  Br,  NO3,  &c. 
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L  DiammoniO'platinouB  compounds  .  2NH, .  Pt^^R,. 

II.  Tetrammonio-platinous  compounds  .  4NH3.Pt'^R2. 

III.  Diammonio-platinio  compounds  .  2NU3.Pt''R4. 

IV.  Tetrammooio-platinic  compounds  .  4NH3.Pt'*K4. 

Y.  Octammonio-dlplatinic  cum  pounds     .  SNH,.  Pl^'^K^O^^. 

Anj  number  of  atoms  of  the  univalent  radical  R  may  be  replaced  in  these 
compounds  by  an  equivalent  quantity  of  another  radical,  univalent  or  multi- 
Talent,  thus  giving  rise  to  oxy chlorides,  nitrato-chlorides,  oxy nitrates,  &c. 

The  diammonio- plalinous  and  tetrammomo-platinie  eompoundt  (I.  and  IV.) 
may  evidently  be  derived  from  double  and  quadruple  molecules  of  am- 
monium salts,  by  the  substitution  of  Pt^^  or  Pt*'  for  an  equivalent  quantity 
of  hydrogen:  «. y.,  2NH3.Pt^^Cl,=  (N,H8Pt^^).Cl,;  and  4NH,.Pt*'Cl4=(N4 
H„Pi'').Cl4.  The  composition  of  the  tetramtnonio-platinous  eompounoM  (II.) 
will  be  understood  when  it  is  remembered  that,  nitrogen  being  a  pentad 
element,  NII3,  is  a  bivalent  radical,  and  that  any  number  of  such  radicals 
m.<iy  be  added  to  a  compound  without  disturbing  the  balance  of  equivalency 
(pp.  234,  235).  Further,  since  the  addition  of  NUg  to  any  compound  con- 
tainiDg  hydrogen  comes  to  the  same  thing  as  replacing  an  atom  of  hydrogen 
io  that  compound  by  ammonium,  NH4,  these  tetrammonio-platinous  com* 
pounds  may  also  be  regarded  as  salts  of  diammoplatoso-cHammoniumf  that  is, 
of  a  double  ammonium  molecule,  NgEg,  in  which  two  atoms  of  hydrogen 
are  replaced  by  Pt^^,  and  two  more  by  (NH^),.  —  In  the  diammonio-platinie 
compounds  (III.)«  ^^^  bivalent  radical  (Pt''Clj)^'  plays  the  same  part  as  Pf 
in  the  diammonio-platinous  compounds. 

The  following  table  exhibits  the  constitution  of  the  sereral  groups  of 
compounds  according  to  these  views,  taking  the  chlorides  as  examples: 


L    2NH5.PtCla     =  (NjHjPt^OCl, 


NH,C1 

I 
NH3CI 

NH5CI 
NH, 
n.    4NH,.Pt''Cl,  =  [N,H^(NH^),Pt>'^]Clj    =  Pt 


NH, 
NH,a 


NH5CI 


lEL    2NH,.Pt«'Cl4  =  [N,H^(Pt»'Cy]Clj 


=  PtClj 
NH,C 


II 
IV.    4NH,.Pt'-Cl4  =  (N4H„Pt'-)Cl4  =  Pt 

II 
NjHgClj. 

V.  The  oetammonio-diplatinie  eompoundt  consist  of  double  molecules  of 
tetrammonio-platinic  compounds  having  two  or  more  molecules  of  the  uni- 
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Tftlent  radical  R,  replaced  by  an  equivalent  quantity  of  a  biTalent  radical: 

e.  ff.,  the  oxymtrate  =  8NHg.Pt'^,(NO,)eO^>'  =  (NgHj^Pt*',)  |  ^  q??V 

I.  DiammoniO'platinotu  Compcund*.  —  These  compoands  are  formed  by  tht 
action  of  heat  on  those  of  the  following  series,  half  the  ammonia  of  the 
latter  being  then  given  off.  They  are  for  the  most  part  insoluble  in  vater, 
but  dissolve  in  ammonia,  reproducing  the  tetrammonio-platinous  com- 
pounds :  they  detonate  when  heated. 

Chloride,  NjHgPt^^'Cl^  — Of  this  compound  there  are  three  isomeric  mod- 
ificatioDS: — a.  JTeUow,  obtained  by  adding  hydrochloric  acid,  or  a  soluble 
chloride,  to  a  solution  of  diammonio-platinous  nitrate  or  sulphate,  or  by 
boiling  the  green  modification,  y,  with  ammonium  nitrate  or  sulphate;  or, 
by  neutralizing  a  solution  of  platinous  chloride  in  hydrochloric  acid  with 
ammonium  carbonate,  heating  the  mixture  to  the  boiling  point,  and  adding 
a  quantity  of  ammonia  equal  to  that  already  contained  in  the  liquid,  filter- 
ing from  a  dingy  green  substance,  which  deposits  after  a  while,  then  lear- 
ing  the  solution  to  cool,  and  decanting  the  supernatant  liquid  as  soon  as 
the  yellov/  salt  is  deposited.  0,  Red.  — If,  in  the  last  mode  of  preparation, 
the  ammonium  carbonate,  instead  of  being  added  at  once  in  excess,  be 
added  drop  by  drop  to  the  hydrochloric  acid  solution  of  platinous  chloride, 
the  liquid  on  cooling  deposits  small  garnet-  colored  crystals  having  the  form 
of  six-sided  tables.  This  red  modification  may  also  be  obtained  in  oth^r 
ways.  y.  Oreen.  —  This  modification,  usually  denominated  the  green  mU  of 
Maffnuty  was  the  first  discovered  of  the  ammoniacal  platinum  compounds. 
It  is  obtained  by  gradually  adding  an  acid  solution  of  platinous  chloride  to 
caustic  ammonia;  or  by  passing  sulphurous  acid  gas  into  a  boiling  solution 
of  platinic  chloride,  till  it  is  completely  converted  into  platinous  chloride 
(and  therefore  no  longer  gives  a  precipitate  with  sal-ammoniac),  and  neu- 
tralizing the  solution  with  ammonia;  the  compound  is  then  deposited  in 
green  needles.  The  same  modification  of  the  salt  may  also  be  obtained  bj 
adding  an  acid  solution  of  platinous  chloride  to  a  solution  of  tetrammonio- 
platinous  chloride,  N^H,jPt^'Cl,.  The  corresponding  iodide,  NjH^Pt^^ly  is 
a  yellow  powder,  obtained  by  heating  the  aqueous  solution  of  the  compound, 
N4H,jPt''^I..  It  dissolves  in  ammonia,  reproducing  the  latter  compound. 
The  oxide,  N^H^Pf'^O,  obtained  by  heating  tetrammonio-platinous  hydrate 
to  110°,  is  a  grayish  mass,  which,  when  heated  to  100*'  in  a  close  vessel, 
gives  off  water,  ammonia,  and  nitrogen,  and  leaves  metallic  platinum.  The 
sulphate,  NjHjPt^^SO^.OH^  and  the  nitrate,  N2H,Pt^''(N0j),,  are  obtained  by 
boiling  the  iodide  with  sulphate  and  nitrate  of  silver:  they  are  crystalline 
and  have  a  strong  acid  reaction.  The  sulphate  retains  a  molecule  of  crys- 
tallization-water, which  cannot  be  removed  without  decomposing  the  salt 

II  Teframmonio'platinous  Compounds. — The  chloride,  N4H,,Pt'''Clj,  is  pre- 
pared by  boiling  platinous  chloride,  or  the  green  salt  of  Magnus,  with 
aqueous  ammonia  till  the  whole  is  dissolved,  and  evaporating  the  liquid  to 
the  crystallizing  point.  The  bromide  and  iodide  of  this  series  are  obtained 
by  treating  the  solution  of  the  sulphate  with  bromide  or  iodide  of  barium: 
they  crystallize  in  cubes.  The  oxide.,  N4H,..Pt'^0,  i-"  obtained  as  a  crystal- 
line mass  by  decomposing  the  solution  of  the  sulphate  with  an  equivalent 
quantity  of  baryta-water,  and  evaporating  the  filtrate  in  a  vacuum.  It  is 
strongly  alkaline  and  caustic,  like  potash,  absorbs  carbonic  acid  rapidly 
from  the  air,  and  precipitates  silver  oxide  from  the  solution  of  the  nitrate. 
It  is  a  strong  base,  neutralizing  acids  completely,  and  expelling  ammonia 
from  its  salts.  It  melts  at  llO**,  giving  off  water  and  nmmonia,  and  leav- 
ing diammonio-platinous  oxide.  Its  aqueous  solution  does  not  give  off 
ammonia,  even  when  boiled. 

Carbonates, — The  oxide  absorbs  carbon  dioxide  rapidly  from  the  air, 
forming  first  a  neutral  carbonate,  N4H„Pt^^C03.0H,,  and  afterwards  an 
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acid  salt,  N^Hj^Pt^'CO,  CO,n..  The  tulphatf,  N4H„Pt^'80^.  and  the  nitrate, 
^^^^t^'{^0^)^  are  obtained  by  decomposing  liio  chloride  with  siWer  sul- 
phate  or  nitrate ;  they  are  neutral,  and  crystallise  easily. 

m.  DiammoniO'platinie  Compounds. — The  ehloridct  N2HfPt'^Cl4,  is  obtained 
by  passing  chlorine  gas  into  boiling  water  in  which  diammonio-platinous 
chloride  (the  yellow  modification)  is  suspended.  This  compound  is  insolu* 
ble  in  cold  water,  and  very  slightly  soluble  in  boiling  water,  or  in  water 
containing  hydrochloric  acid.  It  dissolves  in  ammonia  at  a  boiling  heat, 
and  the  solution,  on  cooling,  deposits  a  yellow  precipitate,  consisting  of 
tetrammoniacal  platinic  chloride.  It  dissolves  in  boiling  potash  without 
evolving  ammonia. 

Nitrate*.— \n  oxynilrate,  N,HePt''(NOj),0^^  is  obtained  by  boiling  the 
chloride^  N,HePtCl4,  for  several  hours  with  a  dilute  solution  of  silver  nitrate. 
It  is  a  yellow  crystalline  powder,  sparingly  soluble  in  cold,  more  soluble  in 
boiling  water.  The  normal  nitrate^  N,HjPt''(N03)4,  is  obtained  by  dissolving 
the  oxynitrate  in  nitric  acid :  it  is  yellowish,  innoluble  in  cold  water,  solu- 
ble in  hot  nitric  acid. 

The  ozitU,  N^H^Pt^'O^  is  obtained  by  adding  ammonia  to  a  boiling  solu- 
tion of  diammonio-platinic  nitrate ;  it  is  then  precipitated  in  the  form  of  a 
heavy  yellowish,  crystalline  powder,  composed  of  small  shining  rhomboidal 
prisms;  it  is  nearly  insoluble  in  boiling  water,  and  resists  the  action  of 
boiling  potash.  Heated  in  a  close  vessel,  it  gives  off  water  and  ammonia, 
tod  leaves  metallic  platinum.  It  dissolves  readily  in  dilute  acids,  even  in 
acetic  acid,  and  forms  a  large  number  of  crystalHzable  salts,  both  neutral 
ind  acid,  having  a  yellow  color,  and  sparingly  soluble  in  water.*  Another 
compound  of  platinic  oxide  with  ammonia,  called /ti/rntW/m^  platinum^  whose 
composition  has  not  been  exactly  ascertained,  is  produced  by  decomposing 
ammonium  platino-chloride  with  aqueous  potash.  It  is  a  straw-colored 
powder,  which  detonates  slightly  when  suddenly  heated,  but  strongly  when 
exposed  to  a  gradually  increasing  heat. 

rv.  Teframmonto-plafinic  Compounds. — The  oxide  of  this  series  has  not  yet 
been  isolated  The  chloride^  ^^H^^V&C\^,  is  obtained  by  passing  chlorine 
gM  into  a  solution  of  tetrammonio-platinous  chloride;  by  dissolving  diam- 
nionio-platinic  chloride  in  ammonia,  and  expelling  the  excess  of  ammonia 
by  evaporation;  or  by  precipitating  a  solution  of  tetrammonio-platinic 
oxjnitrate  or  nitrato-chloride  with  hydrochloric  acid.  It  is  white,  and  dis- 
solves in  small  quantity  in  boiling  water,  from  which  solution  it  is  deposited 
in  the  form  of  transparent  regular  octohedrons,  having  a  faint  yellow  tint. 
When  a  solution  of  this  salt  is  treated  with  silver  nitrate,  one-half  of  the 
chlorine  is  very  easily  precipitated,  but  to  remove  even  a  small  portion  of 
the  remainder  requires  a  long-continued  action  of  the  silver-salt.  The 
ckloTobronude,  N4H,jPt»'Br,Cly  is  prepared  by  treating  tetrammonio-platinous 
chloride  with  bromine.  An  oxynitrate,  N4H„Pt''(N0,),0;  a  nitr  a  to-chloride, 
N4H,^t"(NU,),Cl,;  a  sulphato-chloride,  N,H„Pt"(SOj'^Cl,;  and  an  ozalo- 
chiwuU,  ^4H^,i't*  (C,04)'^Cly  have  likewise  been  obtained. 

V.  Oetammonio-d^latinie  Compounds.  An  oxynitrate  or  basic  nitrate,  NgHj^ 
Pt'',\N08)eO^^,  is  produced  by  boiling  tetrammonio-platinous  nitrate  with 
iiitnc  aciii.  it  is  a  colorless,  crystalline,  detonating  salt,  slightly  soluble 
in  cold  water,  more  soluble  in  boiling  water,  insoluble  in  nitric  acid. 
(Gtrhardt.)  A  nUrat-oxychloride,  NgHj4Pt»',(N03)4CCl,.  discovered  by 
ll««wsky,  is  formed  when  Magnus's  green  salt  is  boiled  with  a  large  excess 
of  mtnc  acid.     Bed  fumes  are  then  evolved,  and  the  result.ng  solution  de- 

*  Gerhardt,  Gumtcs  rendiu  des  travaux  en  Chimie,  1&49,  p.  273^ 
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posits  the  nitrat^ozjohloride  in  small  brilliant  needles,  which  deflag;rate 
when  heated,  giving  off  water  and  sal- ammoniac,  and  leavi^  mftallic 
platinum.  The  nitric  acid  in  this  salt  may  bfe  replaced  by  an  equiTaknt 
quantity  of  carbonic  or  oxalic  acid,  yielding  the  compounds,  NgHgiP^^^tCO})'' 
jO^^Cly  and  l!i^H^Vt'\(CJi)^y^fi^'C\y  both  of  which  are  crystallisable  and 
sparingly  soluble.  A  basic  oxalo-^ilrate,  NgHj4Pt''j(C,04)''j(NO,),(V,  insolu- 
ble in  water,  is  obtained  by  adding  ammonium  oxalate  to  the  oxynitraiet 
(Qerhardt.) 


Reactions  of  Platinum  Salts. — Platinic  chloride  or  a  platinie  <»igen-BaU 
may  be  recognized  in  solution  by  the  yellow  precipitate  with  sJmnamoKiae^ 
decomposable  by  heat,  with  production  of  spongy  metal.  r 

Hydrogen  sulphide  and  ammonium  sulphide  gradually  fc9m  aj^rown  precipi- 
tate of  platinic  sulphide,  soluble  in  excess  of  ammoniuih  suUiiide.  Zinc 
precipitates  metallic  platinum. 

Platinic  chloride  and  sodium  platinochloride  are  employed  in  analytical 
investigations  to  detect  the  presence  of  potassium,  and  separate  it  from 
sodium.  For  the  latter  purpose,  the  alkaline  salts  are  conrerted  into 
chlorides,  and  in  this  state  mixed  with  four  times  their  weight  of  sodium 
platinochloride  in  crystals,  the  whole  being  dissolved  in  irlittle  water. 
When  the  formation  of  the  yellow  salt  appears  complete,  alcohol  is  added, 
and  the  precipitate  collected  on  a  weighed  filter,  washed  with  weak  spirit, 
carefully  dried,  and  weighed.  The  potassium  chloride  is  then  easily  reck- 
oned from  the  weight  of  the  double  salt ;  and  this,  subtracted  from  the 
weight  of  the  mixed  chlorides  employed,  gives  that  of  the  sodium  chloride 
by  difference;  100  parts  of  potassium  platinochloride  correspond  to  30-51 
parts  of  potassium  chloride. 


Capsules  and  crucibles  of  platinum  are  of  great  value  to  the  chemi§t: 
the  latter  are  constantly  used  in  mineral  analysis  for  fusing  sil^ous  matter 
wirh  alkaline  carbonates.  They  suffer  no  injury  in  this  operatMn,  although 
caustic  alkali  roughens  and  corrodes  the  metal.  The  experimenter  mu^t 
be  particularly  careful  to  avoid  introducing  any  oxide  of  an  easily  fusible 
metal,  as  that  of  lead  or  tin,  into  a  platinum  crucible.  If  reduction  should 
by  any  means  occur,  these  metals  will  at  once  alloy  themselves  with  the 
platinum,  and  the  vessel  will  be  destroyed.  A  platinum  crucible  must  oerer 
be  put  naked  into  a  coke  or  charcoal  fire,  but  always  placed  within  a  covered 
earthen  crucible. 


PALLADIUM. 

Atomic  weight,  106-6.     Symbol,  Pd. 

When  the  solution  of  crude  platinum,  from  which  the  greater  part  of  that 
metal  has  been  precipitated  by  sal-ammoniac,  is  neutralized  by  sodium  car* 
bonate,  and  mixed  with  a  solution  of  mercuric  cyanide,  palladium  cyanide 
separates  as  a  whitish  insoluble  substance,  which,  on  being  washed,  dried, 
nnd  heated  to  redness,  yields  metallic  palladium  in  a  spongy  state.  The 
palladium  may  then  be  welded  into  a  mass,  in  the  same  manner  as  platinum. 

Palladium  closely  corresponds  with  platinum  in  color  and  appearance; 
it  is  also  very  malleable  and  ductile.  Its  density  differs  very  much  from 
that  of  platinum,  being  only  11*8.  Palladium  is  more  oxidable  than  plati- 
num. When  heated  to  redness  in  the  air,  especially  in  the  state  of  sponge, 
it  acquires  a  blue  or  purple  superficial  film  of  oxide,  which  is  again  reduced 
at  a  white  heat.  This  metal  is  slowly  attacked  by  nitric  acid;  ita  best 
solvent  is  nitro-muriatic  acid. 
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Psilftdiiiin,  like  platinum,  forms  two  classes  of  compounds ;  namely,  the 
poUadiiouB  compauneU^  in  which  it  ia  bivalent,  and  the  palladie  eompoundSf  in 
which  it  ia  quadrivalent. 

CuLOSiDfis. — The  diehloridty  or  Palladious  chloride,  Pd^^Cl,  is  obtained 
by  diseoWing  the  metal  in  nitro-muriatio  acid,  and  evaporating  the  solution 
to  dryness.  It  is  a  dark-brown  mass,  which  dissolves  in  water  if  the  heat 
has  not  been  too  great,  and  forms  double  salts  with  mauy  metallic  chlorides. 
The  palladio-chlorides  of  ammonium  and  potassium  are  much  more  soluble 
than  the  corresponding  platino-chlorides :  they  have  a  brownish-yellow  tint. 

The  tetrachloride,  or  Palladie  chloride,  Pd^'Clf,  exists  only  in  solution  and 
in  combination  with  the  alkaline  chlorides.  It  is  formed  when  the  diohlor- 
ide  is  digested  in  nitro-muriatic  acid.  The  solution  has  %n  intense  brown 
color,  and  is  decomposed  by  evaporation.  Mixed  with  potassium  chloride, 
or  sal-ammoniac,  it  gives  rise  to  a  red  crystalline  precipitate,  which  is  but 
little  soluble  in  water. 

Palladiovs  Iodidv,  Pd^^I^  is  precipitated  from  the  chloride  or  nitrate 
br  soluble  iodides,  as  a  black  mass,  which  gives  off  its  iodine  between  800® 
and  3C<y»  C.  (572°  and  680®  F.)  Palladium-salts  are  employed  for  the  quan- 
titntive  estimation  of  iodine,  chlorine  and  bromine  not  being  precipitated 
by  them. 

OxiDBS.  —  The  monoxide,  or  PaUadious  oxide,  Pd'^0,  is  obtained  by  evapo- 
rating to  dryness,  and  cautiously  heating,  the  solution  of  palladium  in  nitrio 
acid,  it  is  black,  and  but  little  soluble  in  acids.  The  hydrate  falls  as  a 
dark-brown  precipitate  when  sodium  carbonate  is  added  to  the  above  solu- 
tion.   It  is  decomposed  by  a  strong  heat. 

The  dioxide,  or  Palladie  oxide,  Pd*'0',  is  not  known  in  the  separate  state. 
From  a  solution  of  palladie  chloride,  alkalies  and  alkaline  carbonates  throw 
down  a  brown  precipitate  consisting  of  hydrated  palladie  oxide  combined 
with  the  alkali.  This  compound  gives  otf  half  its  oxygen  at  a  moderate 
heat,  and  the  whole  at  a  higher  temperature.  From  hot  solutions,  a  black 
precipitate  is  obtained  containing  the  anhydrous  dioxide.  The  hydrate  dis- 
soWes  slowly  in  acids,  forming  yellow  solutions.  In  strong  hydrochloric 
aciil  it  dissolves  without  decomposition,  foTitiing potaaeio-palladic  chloride,  aris- 
ing from  admixed  potash ;  with  dilute  hydrochloric  acid,  on  the  contrary, 
it  gires  off  chloride. 

Palladious  Sulphide,  Pd''S,  is  formed  by  fusing  the  metal  with  sulphur, 
or  by  precipitating  a  solution  of  a  palladious  salt  with  hydrogen  sulphide. 
,  It  is  insoluble  in  ammonium  sulphide. 

Ammontaoal  Palladium  CoMPotJNDS.  —  A  moderately  concentrated  solu- 
tion of  palladium  dichloride  treated  with  a  slight  excess  of  ammonia,  yields  a 
benutiful  flesh-colored  or  rose-colored  precipitate,  consisting  of  "S^U^Vd^^Cl^' 
This  precipitate  dissolves  in  a  larger  excess  of  ammonia ;  and  the  ammonia- 
cal  solution,  when  treated  with  acids,  yields  a  yellow  precipitate  having  the 
»anie  composition.  This  yellow  modification  is  likewise  obtained  by  heating 
the  red  compound  in  the  moist  state  to  100°,  or  in  the  dry  state  to  200°  C. 
(392^  P.)  The  yellow  oompound  dissolves  abundantly  in  aqueous  potash, 
formmg  a  yellow  solution,  but  without  giving  off  ammonia,  even  when  the 
liquid  is  heated  to  the  boiling-point;  the  red  compound  behaves  in  a  simi- 
lar manner,  but,  before  dissolving,  is  converted  into  the  yellow  modification. 
For  (his  reason,  Hugo  MilUer  regards  the  red  compound  as  palladium  ammo- 
wy  chloride,  2NH3.Pd^^Clj,  and  the  yellow  as  palladammonium  chloride, 
NjH-Pd^'Cl,.  The  yellow  compound,  digested  with  water  and  silver  oxi<le, 
yields  palladammonium  oxide,  N^H^Pd^-'O,  which  is  a  strong  base,  soluble  in 
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water,  haring  an  alkaline  taste  and  reaction,  and  absorbing  earbonie  acid 
from  the  air.  Palladammomum  tulpktte^  NjH^Pd^^.SOy  is  formed  by  the 
action  of  fiulphurous  acid  on  the  oxide  or  chloride ;  it  crystaUties  in  oraof^ 
yellow  octohedrons.  The  tulphiitf  ckloridc^  iodide,  and  brortddtj  have  likewise 
been  formed. 

The  compound^  4NH3.Pd''''Cly  or  ammopalladammonium  chloride^  [NjH^Pd'"' 
(NH4)4]^^Cl2,  separates  from  an  ammoiiiacal  solution  of  pallad&mmonium 
chloriae  in  oblique  rhombic  prisms. 

The  oxide,  N4U,jPd''0,  obtained  by  decomposing  the  solution  of  this  chlor- 
ide with  silver  oxide,  is  also  a  strong  base  yielding  crystalliiable  salts.* 

Palladious  salts  are  well  marked  by  the  pale  yellowish-white  precipitate 
with  solution  of  mercuric  cyanide.  It  consists  of  palladious  cyanide, 
Pd-'^Cy^,  and  is  converted  by  heat  into  the  spongy  metal. 

ITydriodie  acid  and  pota»tium  iodide  throw  down  a  black  precipitate  of 
palladium  iodide,  visible  even  to  the  &00,000th  degree  of  dilution. 

Palladium  is  readily  alloyed  with  other  metals,  as  copper;  one  of  these 
compounds — namely,  the  alloy  with  silver — has  been  applied  to  useful 
purposes.  An  amalgam  of  palladium  is  now  extensively  used  by  deniisu 
for  stopping  teeth. 

A  native  alloy  of  gold  with  palladium  is  found  in  Brazil. 


BHODIUK. 

Atomic  weight,  104.     Symbol,  Rh. 

The  solution  from  which  platinum  and  palladium  have  been  separated,  in 
the  manner  already  described,  is  mixed  with  hydrochloric  acid,  and  evap- 
orated to  dryness.  The  residue  is  treated  with  alcohol  of  specific  gr.ivirr 
0-837,  which  dissolves  everything  except  the  double  chloride  of  rhodium 
and  sodium.  This  is  well  washed  with  spirit,  dried,  heated  to  whiteness, 
and  then  boiled  with  water,  whereby  sodium  chloride  is  dissolved  out,  aod 
metallic  rhodium  remains.  Thus  obtained,  rhodium  is  a  white,  coherent, 
spongy  mass,  more  infusible  and  less  capable  of  being  welded  than  plati- 
num.    Its  specific  gravity  varies  from  10*6  to  11. 

Rhodium  is  very  brittle:  reduced  to  powder  and  heated  in  the  air,  it  be- 
comes oxidized,  and  the  same  alteration  happens  to  a  greater  extent  when 
it  is  fused  with  nitrate  or  bisulphate  of  potassium.  None  of  the  acid^, 
singly  or  conjoined,  dissolve  this  metal,  unless  it  be  in  the  state  of  alloj, 
as  with  platinum,  in  which  state  it  is  attacked  by  nitro-muriatio  acid. 

Rhodium  forms  but  one  chloride,  containing  RhCl,:  hence  it  might  be 
supposed  to  be  a  triad ;  but,  from  its  analogy  to  the  other  platinum  metaH 
it  is  generally  regarded  as  a  tetrad,  the  chloride  just  mentioned  being 

RhClj 
represented  by  the  formula  RhgClg.  or  | 

RhClj 

This  chloride  is  prepared  by  adding  silicofluoric  acid  to  the  doable 
chloride  of  rhodium  and  potassium,  evaporating  the  filtered  solution  to 
dryness,  and  dissolving  the  residue  in  water.  It  forms  a  brownish-red  ddi- 
quescent  mass,  soluble  in  water,  with  a  fine  red  color.  It  is  decomposed 
by  heat  into  chlorine  and  metallic  rhodium. 

Rhodium  and  Potassium  chlorides.  —  The  salt,  Rhj,Cle.6KCl.60Hj,  formed  by 

*  Hugo  MUlier,  Ann.  Ch.  PUarin.  Ixxxvi.  341. 
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mixing  ^'solution  of  rhodic  oxide  in  hydrochloric  acid  with  a  strong  solu- 
tion of  potassium  chloride,  crystallizes  in  sparingly  soluble  efflorescent 
prisms.  Another  double  salt  containing  Rh,Cle.4KCl.J0Hg,  is  prepared  by 
heating  in  a  stream  of  chlorine  a  mixture  of  equal  parts  ot  finely  powdered 
meulUc  rhodium  and  potassium  chloride.  The  salt  has  a  fine  red  color,  is 
soluble  in  water,  and  crystallizes  in  four-sided  prisms  Rhodium  and  sodium 
chloride,  Rh,C1^6NaC1.240Hy  is  also  a  very  beautiful  red  salt,  prepared 
like  the  last.  The  ammonium  sally  Rh,Clj.  ONH^Cl.  30H,,  obtained  by  de- 
composing the  sodium  salt  with  sal-ammoniac,  crystallizes  in  fine  rhombo- 
hedral  prisms. 

Rhodittm  Oxides.  — Rhodium  forms  four  oxides,  containing  RhO,  Rh^O,, 
RhO^  and  RhO,. 

The  monoxide^  RhO,  is  formed,  with  incandescence,  when  the  hydrated 
sestquioxide,  Rh^Oj.SOH,,  is  heated  in  a  platinum  crucible.  It  is  a  dark- 
gray  substance,  perfectly  indifferent  to  acids. 

The  sesquiojdde  or  rhodic  oxide^  Rh^O,,  obtained  by  heating  the  nitrate,  is 
s  gray  porous  mass  ^ith  metallic  iridescence ;  insoluble  in  acids,  easily 
redaced  by  hydrogen.  It  forms  two  hydrates :  RhgOj.SOH^  or  RhH,0., 
obtained  by  precipitating  a  solution  of  rhodium  snd  sodium  chloride  witn 
potash  In  presence  of  alcohol,  and  Rh20y50H,  or  RbH,09.0H2,  formed  by 
precipitating  the  same  salt  with  aqueous  potash. 

The  dioxi(Uy  RhO,,  obtained  by  fusing  pulverized  rhodium  or  the  sesqui- 
oxide  with  nitre  and  potash,  and  digesting  the  fused  mass  with  nitric  acid, 
to  dissolve  off  the  potash,  is  a  dark-brown  substance,  insoluble  in  acids. 
When  chlorine  is  passed  into  a  solution  of  rhodic  pentahydrate,  Rh20,.60H., 
a  black^brown  gelatinous  precipitate  of  the  trihydrate,  Rh,0j.30H,,  is 
formed  at  first;  but  this  compound  gradually  loses  its  gelatinous  consistence, 
becomes  lighter  in  color,  and  is  finally  converted  into  a  green  hydrate  of 
the  dioxide,  Rh02.20H,.  The  alkaline  solution  at  the  same  time  acquires 
a  deep  violet-blue  color. 

Triozide,  RhO..  —  The  blue  alkaline  solution  above  mentioned,  deposits, 
after  awhile,  a  blue  powder,  becoming  green  when  dry,  and  yielding,  when 

treated  with  nitric  acid,  a  blue  flocculent  substance,  consisting  of  the  tri- 

oxide,  easil^^  reduced  to  the  dioxide. 

Rhodic  Sulphate,  (S04)3Rh2.120H,.  formed  by  oxidizing  the  sulphide 
with  nitric  acid,  is  a  yellowish-white  crystalline  mass.  Potassio-rhodie  sul- 
phatt,  (S04)9RhK^  is  a  reddish-yellow  crystalline  powder  formed  by  adding 
sulphuric  acid  to  a  solution  of  rhodium  and  potassium  chloride. 

Amvomiacal  Rhodiitm  Cokpounds.  —  An  ammonio-chloride^  lONHj.Rh^CIf, 
or[N|H,4Rh''''',(NH4)4]'*Clj,  is  obtained  as  a  yellow  crystalline  powder  on 
mixing  a  dilute  solution  of  rhodium  and  ammonium  chloride  with  excess  of 
Ammonia,  and  leaving  the  filtered  solution  to  evaporate.  The  corresponding 
oiide,  lONHg.RhjOg,  obtained  by  heating  the  chloride  with  silver  oxide,  is 
&  strong  base,  from  which  the  sulphate  and  oxalate  may  be  obtained  in 
crjgtalUne  form. 


Rhodic  salts  are,  for  the  most  part,  rose-colored,  and  exhibit,  in  solution, 
the  following  reactions:  with  hydrogen  sulphide,  and  ammonium  sulphide,  a 
brovn  precipitate  of  rhodic  sulphide,  insoluble  in  excess  of  ammonium 
sulphide:  with  soluble  sulphites,  a  pale-yellow  precipitate,  affording  a  char- 
acteristic reaction;  with  potash,  a  yellow  precipitate  of  rhodic  oxide,  solu- 
ble in  excess;  with  ammonia  and  with  alkaline  carbonates,  a  yellow  precipitate 
ifter  a  while.  No  precipitate  with  alkaline  chlorides  or  mercuric  cyanide. 
2me  precipitates  metallic  rhodium. 
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An  alloy  of  steel  with  a  small  quantity  of  rhodium  is  said  to  poflseas  ex« 
tremely  valuable  properties. 


ISIDIUH. 

Atomic  weight,  198.    Symbol,  Ir. 

When  crude  platinum  is  dissolved  in  nitromuriatic  acid,  a  small  quantity 
of  a  gray  scaly  metallic  substance  usually  remains  behind,  having  altogether 
resisted  the  action  of  the  acid :  this  is  a  native  alloy  of  iridium  and  osmium, 
called  osmiridium  or  iridotmme ;  it  is  reduced  to  powder,  mixed  with  an  equal 
weight  of  dry  sodium  chloride,  and  heated  to  redness  in  a  glass  tub«. 
through  which  a  stream  of  moist  chlorine  gas  is  transmitted.  The  farther 
extremity  of  the  tube  is  connected  with  a  receiver  containing  solution  of 
ammonia.  The  gas,  under  these  circumstances,  is  rapidly  absorbed,  iridium 
chloride  and  osmium  chloride  being  produced:  the  former  remains  in  coia« 
bination  with  the  sodium  chloride;  the  latter,  being  a  volatile  substance,  is 
carried  forward  into  the  receiver,  where  it  is  decomposed  by  the  water  into 
osmic  and  hydrochloric  acids,  which  combine  with  the  alkali.  The  contents 
of  the  tube  when  cold  are  treated  with  water,  by  which  the  iridium  and 
sodium  chloride  is  dissolved  out:  this  is  mixed  with  an  excess  of  sodium 
carbonate  and  evaporated  to  drynes$i.  The  residue  is  ignited  in  a  crucible, 
boiled  with  water,  and  dried;  it  then  consists  of  a  mixture  of  ferric  oxide 
and  a  combination  of  iridium  oxide  with  soda:  it  is  reduced  by  hydrogen 
at  a  high  temperature,  and  treated  successively  with  water  and  strong  hy- 
drochloric acid,  by  which  the  alkali  and  the  iron  are  removed,  while  me- 
tallic iridium  is  left  in  a  finely  divided  state.  By  strong  pressure  and  ex- 
posure to  a  white  heat,  a  certain  degree  of  compactness  may  be  communi- 
cated to  the  metal.* 

Iridium  is  a  white  brittle  metal,  fusible  with  great  difficulty  before  the 
oxy-hydrogen  blowpipe.  Deville  and  Debray,  by  means  of  their  powerful 
oxy-hydrogen  blast  furnace,  have  fused  it  completely  into  a  pure  white 
mass,  resembling  polished  steel,  brittle  in  the  cold,  somewhat  malleable  at 
a  red  heat,  and  having  a  density  equal  to  that  of  platinum,  vis.  21*15, 
(21-8  Hare.)  By  moistening  the  pulverulent  metal  with  a  small  quantity 
of  water,  pressing  it  tightly,  first  between  filtering  paper,  then  very  forci- 
bly in  a  press,  and  calcining  it  at  a  white  heat  in  a  forge-fire,  it  may  be 
obtained  in  the  form  of  a  compact,  very  hard  mass,  capable  of  takings 
good  polish,  but  still  very  porous,  and  of  a  density  not  exceeding  16-0. 
After  strong  ignition  it  is  insoluble  in  all  acids,  but  when  reduced  by  hy- 
drogen at  low  temperatures,  it  oxidizes  slowly  at  a  red  heat,  and  diwoWes 
in  nitro-muriatic  acid.  It  is  usually  rendered  soluble  by  fUsing  it  with 
nitre  and  caustic  potash,  or  by  mixing  it  with  common  salt,  or  better,  with 
a  mixture  of  the  chlorides  of  potassium  and  sodium,  and  igniting  it  in  a 
current  of  chlorine,  as  above  described. 

Iridium  forms  three  series  of  compounds,  namely,  the  hypciridiima  com- 
pounds, in  which  it  is  bivalent,  as  Ir^^CL,  IrO;  the  iridiou*  compounds,  in 

IrCl, 
which  it  is  quadrivalent,  but  apparently  trivalent,  e.  g.^  Ir,Clg  ^  J        , 

IrCl, 
and  the  iridic  compounds,  in  which  it  is  also  quadrivalent,  as  in  IrCl^,  IrO,, 

•  Ofiiniridiiini,  howevor,  gf-nernllj'  contains  platinum,  ruthenium,  nnd  otlier  meti».U  of  tb« 
same  gronp,  which  Hr«^  not  efllectuHlly  HepanUeci  by  the  method  above  detpcribei.  The  coniplptt 
fiepiiration  of  tlio  HuvcrHl  niftitlM  of  the  plutinum  fcronp  hiMof  late  yeitra  formed  the  Rnbjeetuf 
BevtTAl  olattorattt  invtistiffatlons,  into  whicli  the  limits  of  tliis  worl«  will  not  permit  iu  to  enter. 
(See  WiiitBB  DicUonary  of  Chemistry,  iii.  36 ;  Iv.  241,  SSO;  v.  101, 124.) 
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kc.  It  appears  to  be  incapable  of  uniting  with  more  than  four  atoms  of  a 
monad  element,  and  is  therefore  regarded  as  a  tetrad.*  It  forms  also  a 
trioxide,  IrOj,  in  which  it  is  apparently  sexvalent,  but  the  oxide  may  be 

0 

II 
represented  by  the  formula    Ir    ,  in  which  the  metal  appears  also  to  be 


A 


O 

quadriTalent. 

Chlorides. — Iridium  appears  to  form  three  chlorides,  but  only  two  of 
them — namely,  the  trichloride  and  tetrachloride  —  have  been  obtained  in 
definite  form. 

The  (kehloride,  Ir^^C1|,  is  not  known  in  the  separate  state,  but  appears  to 
exist  in  certain  double  salts,  called  hypochloririditea. 

The  trichloride  or  Iridiout  chloride,  Ir,Clj,  is  prepared  by  strongly  heating 
iridium  with  nitre,  adding  water  and  enough  nitric  acid  to  saturate  the 
ftlkali,  warming  the  mixture,  and  then  dii^solving  the  precipitated  hydrate 
of  the  sesquioxide  in  hydrochloric  acid ;  it  forms  a  dark  yellowish-brown 
solution.  This  substance  combines  with,  other  metallic  chlorides,  forming 
compounds  called  iridoso- chlorides  or  chloriridites,  which  may  be  prepared  by 
reducing  the  corresponding  chloriridiates  with  sulphurous  acid,  hydrogen 
sulphide,  or  potassium  ferrocyanide.  Glaus  has  obtained  the  compounds 
IrjCVSNH^Cl  60H,,  Ir,Cle.6KC1.60Hg,  and  IrgCl,.6NaC1.240IIe.  They  are 
oliTe-green  pulverulent  salts,  soluble  in  water. 

The  tetrachloride,  or  Iridic  chloride,  IrCI^,  is  obtained  in  solution  by  dis- 
solving very  finely  divided  iridium,  or  one  of  its  oxides,  or  the  trichloride, 
in  nitromuriatic  acid,  and  heating  the  liquid  to  the  boiling  point.  On 
evaporating  the  solution,  it  remains  in  the  form  of  a  black,  deliquescent, 
amorphous  mass,  translucent  with  dark-red  color  at  the  edges;  soluble, 
with  reddish-yellow  color,  in  water.  It  unites  with  alkaline  chlorides, 
forming  compounds  called  iridiochlorides  or  chloriridiates^  analogous  in  com- 
position to  the  chloroplatinates.  The  ammonium  salt^  IrCl4.2NH4Cl.OH,,  and 
tbe/wtaMtuin  salt,  IrCl4.2KCl,  are  formed,  as  dark-brown  crystalline  precip- 
itates, on  mixing  the  solutions  of  the  component  chlorides.  The  potassium 
salt  may  also  be  prepared  by  passing  chlorine  over  a  gently  ignited  and 
finely  divided  mixture  of  iridium  with  potassium  chloride.  It  is  soluble  in 
boiling  water,  and  crystallites  in  black  octohedrons,  yielding  a  red  powder. 
The  «o<&'iini  Mi/t,  IrCl4.2NaCl.6OHp  prepared  like  the  potassium  salt,  forms 
e&.^ily  soluble  black  tables  and  prisms,  isomorphous  with  the  corresponding 
pUtinum  salt. 

loDinss.  —  Iridium  forms  three  iodides,  Irl,,  Irjl^,  and  Irl4,  nnalogous 
to  the  chlorides,  and  yielding  similar  double  salts  with  the  iodides  of  the 
alkali-metals,  f 

0x11)18. — Iridium  forms  fonr  oxides,  IrO,  Ir^Oj,  IrOj,  and  IrO,.  The 
wtnonde,  or  hypoiridiottt  oxide^  IrO,  is  but  little  known.  It  is  obtained  by 
precipitating  an  alkaline  hypochloriridite  with  caustic  alkali  in  an  atmo- 
sphere of  carbon  dioxide  (p.  166) ;  but  on  exposure  to  the  air  it  is  quickly 
conrerted  into  a  higher  oxide. 

The  tesquioxidf,  or  Iridious  oride,  Ir.^Oj,  was  formerly  regarded  as  the 
iDost  easily  formed  and  most  stable  of  the  oxides  of  iridium ;  but,  according 

*  A  hnchloridr,  IrOI^,  wan  aaid  by  Berzeliiin  to  be  obtAined  in  combination  with  potassium 
chl&ri<fe  by  fQ«4ng  irldosminif  with  nitre;  but  arcording  to  Clans,  the  salt  thus  formod  was 
1^7  a  rntheninin  compoand,  having  lieen  prepared  by  Benelioa  ttom  iridoemlne  contaiulng 
niUienittni. 

t  OfBer,  Udterdit  Indverbiitdungen  da  Iridiums.    Gottlngen,  1857. 
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to  Claus,  it  has  a  great  tendency  to  take  up  oxygen  and  pass  to  the  state 
of  dioxide.  It  may  be  prepared  by  gently  igniting  a  mixture  of  potaj^sinm 
cliloriridite  (Ir^Cl^.tiKOl)  witii  sodium  carbonate  in  an  atmosphere  of  car- 
bon dioxide;  on  treating  the  product  with  water,  the  sesquioxide  rem&ing 
in  the  form  of  a  black  powder  insoluble  in  acids.  It  forms  two  hydrates, 
IriOj.SOH,,  and  Ir^Oj  dOH,.  It  unites  with  bases,  forming  salts  which  may 
be  culled  iriditea.  A  solution  of  a  chlOriridite  in  excess  of  lime-wafer  de< 
posits,  after  standing  for  some  time  out  of  contact  of  air,  a  dirty  yelluw 
precipitate  containing  Ir,03.3CaO. 

The  dioxide,  or  Iridic  oxide,  IrO,,  is,  according  to  (Tlaus,  the  most  easily 
prepared  and  most  stable  of  all  the  oxides  of  iridium,  and  i»  always  de- 
posited in  the  form  of  a  bulky,  indigo-colored  hydrate,  Ir02.20H2,  when  a 
solution  of  either  of  the  chlorides  of  iridium  or  their  double  salts  is  boiled 
with  an  alkali ;  but  it  always  retains  3  or  4  per  cenL  of  the  alkali.  The 
hydrate  may  also  be  obtained  by  dissolving  the  hydrated  sesquioxide  in 
potash  and  treating  the  solution  with  an  acid.  It  dissolves  in  acids,  form- 
ing solutions  which  are  dark-brown  when  concentrated,  reddish-yellow 
when  dilute. 

The  triozidt,  or  Periridic  oxide,  IrOj.  is  not  known  in  the  free  state,  but  b 
formed  in  combination  with  potash,  when  iridium  is  fused  for  some  time 
with  nitre.  The  resulting  blackish-green  mass  dissolves  in  water,  forming 
a  deep  indigo-colored  solution  of  basic  potassium  periridiate,  leaTing  a 
black  crystalline  powder  consisting  of  acid  periridiate.* 

Iridium,  like  the  other  platinum  metals,  shows  but  little  tendency  to 
form  oxygen-salts.  The  oxides  dissolve  in  acids,  but  no  definite  salts  are 
obtained  in  this  way.  The  solution  of  iridic  oxide  in  sulphuric  acid  has  a 
dark-brown  color,  which  is  not  modified  by  potash  in  the  same  manner  as 
that  of  the  dichloride,  neither  does  it  yield  any  blue  precipitate  on  boiling. 

The  only  definite  oxygen-salts  of  iridium  that  have  been  obt&ined  are 
double  salts  containing  sulphurous  and  dithionic  acids. 

UypO'iridosO'potaanc  sulphite,  SOjIr^'.SSOgK^  is  obtained  as  a  white  crys- 
talline powder,  when  the  mother-liquor  obtained  in  preparing  potassium 
chloriridite  by  passing  sulphurous  oxide  through  a  solution  of  the  chlor- 
iridiate,  is  evaporated  to  a  small  bulk. 

Sulphides.  —  Three  sulphides  of  iridium  are  known,  analogous  to  the 
first  three  oxides  above  described.  The  aesqvisulphide  and  tfunUphide  are 
obtained  as  brown-black  precipitates  by  treating  the  solutions  of  the  tri- 
chloride and  tetrachloride  respectively  with  hydrogen  sulphide.  The  mono- 
aulphide  is  a  grayish^black  substance  obtained  by  decomposing  either  of 
the  higher  sulphides  in  a  close  vessel. 

Amhoniacal  Compounds  op  Iridium.  —  The  ammomo'chloridea,  N,H,Ir" 
CI,  and  N^HjjIrClj.  or  [N„HJr'^(NH^)2]CV  together  with  the  corresponding 
sulphates,  are  prepared  like  the  platinous  compounds  of  analogous  compo- 
sition, which  they  also  resemble  in  their  properties.  The  nitratockloridf, 
rN,H4lr''^(NH4)J(NO,)Cl,  analogous  to  Gros*  platinum  nitrate,  is  formed  by 
heating  the  chloride,  NjHglrCl,,  with  strong  nitric  acid.  Tetrammonto-iruiu- 
chloride,  (N4H„Ir'')Cl,,  is  obtained  as  a  violet  precipitate  by  treating  tli* 
nitrate  just  mentioned  with  hydrochloric  acid.f 

The  compound,  lONH.IrjClg,  or  [y^9R^lT'''{^n^)^y^\C\^.  to  which  there 
is  no  analogue  in  the  platinum  scries,  is  obtained  as  a  fiesh-colored  crys- 
talline powder  by  prolonged  digestion  of  ammonium  chloriridite  with  warm 
aqueous  ammonia.  The  corresponding  carbonate,  nitrate,  and  sulphate 
have  also  been  prepared.  J 

•  CIhuh,  Ann.  Gh  Pharm.  llx.  249. 

t  Skoblikoff.  Ann.  Ch   Pharm.  Ixxxiv.  276. 

i  CbiuSf  B^itriipe  tur  atrmig  Utr  ^latinmelaUt.    Dorpitt,  1854L 
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Iridic  Bolniions  (containing  the  dioxide  or  tetrachloride)  are  of  a  dark 
brown-r«d  color;  iridious  solutions  (containing  the  sesquioxide  or  tri- 
chloride) have  an  olive-green  color.  The  characters  of  an  iridic  solution 
are  best  observed  with  sodium  chloriridiate,  all  the  other  iridic  compounds 
being  bat  slightly  soluble. 

Iridic  solutions  give  with  ammonium  or  potassium  chloride  a  crystalline 
precipitate  of  ammonium  or  potassium  chloriridiate,  which  is  distinguished 
from  the  corresponding  platinum  precipitate  by  its  dark  brown-red  color, 
and  further  by  its  reduction  to  soluble  chloriridite  when  treated  with  solu- 
tion of  hydrogen  sulphide.  This  reaction  serves  for  the  separation  of 
iridium  from  platinum. 


BUTHEHnnH. 

Atomic  weight,  104.     Symbol,  Ru. 

This  metal,  discovered  by  Claus,  in  1846,  occurs  in  platinum  ore,  and 
chiefly  in  osmiridium,  of  which  there  are  two  varieties  —  one  scaly,  consist- 
ing almost  wholly  of  osmium,  iridium,  and  ruthenium,  while  the  other, 
which  is  granular,  contains  but  mere  traces  of  osmium  and  ruthenium,  but 
is  very  rich  in  iridium  and  rhodium.  To  obtain  ruthenium,  scaly  osmiri- 
dium is  heated  to  bright  redness  in  a  porcelain  tube,  through  which  a  cur- 
rent of  air  (freed  from  carbonic  acid  by  passing  through  potash,  and  from 
organic  matter  by  passing  through  oil  of  vitriol)  is  drawn  by  means  of  an 
aspirator.  The  osmium  and  ruthenium  are  thereby  oxidized,  the  former 
being  carried  forward  as  tetroxide  and  condensed  in  caustic  potash  solution, 
while  the  ruthenium  oxide  remains  behind,  together  with  iridium ;  and  by 
fusing  this  residue  with  potassium  hydrate,  treating  the  mass  with  water, 
and  leaving  the  liquid  in  a  corked  bottle  for  about  two  hours  to  clarify,  an 
orange-colored  solution  of  potassium  rutheniate  is  obtained,  which,  when 
neutralized  with  nitric  acid,  deposits  valvet-black  ruthenium  sesquioxide, 
and  this  when  washed,  dried,  and  ignited  in  hydrogen,  yields  the  metal. 

Ruthenium  thus  prepared,  forms  porous  lumps  very  much  like  iridium, 
anil  is  moderately  easy  to  pulverize.  It  is  the  most  refractory  of  all  metals 
except  osmium.  Deville  and  Debray  have,  however,  fused  it  by  placing  it 
in  the  hottest  part  of  the  oxy-hydrogcn  flame.  After  fusion  it  has  a  density 
of  11-4;   that  of  the  porous  metal  is  86. 

Ruthenium  is  scarcely  attacked  by  nitromuriatic  acid.  It  is,  however, 
more  easily  oxidized  than  platinum,  or  even  than  silver.  When  pure  it  is 
easily  ox  dizcd  by  fusion  with  potassium  hydrate,  still  more  easily  on  addi- 
tion of  a  umaXX  quantity  of  nitrate  or  chlorate,  producing  potassium  ruthe- 
niate, which  dissolves  in  water  with  orange  yellow  color. 

Chlorides. — Ruthenium  is  a  tetrad,  like  the  other  platinum  metals,  and 
forms  three  chlorides,  RuCl^,  Ru^Clg.  and  RuCl^. 

The  diehloride,  RuCl,,  is  produced,  together  with  the  trichloride,  by 
igniting  pulverized  ruthenium  in  a  stream  of  chlorine,  the  trichloride  then 
ToUtilizing,  while  the  dichloride  remains  in  the  form  of  a  black  crystalline 
powder,  insoluble  in  water  and  in  all  acids,  even  nitro-murialic  acid,  and 
only  partially  decomposed  by  alkalies.  A  soluble  dichloride  is  formed  by 
paiising  sulphydric  acid  gas  into  a  solution  of  the  trichloride,  a  brown  sul- 
phide being  then  precipitated,  and  the  solution  acquiring  a  fine  blue  color. 

The  trichloride  or  Ruthemous  chloride,  RUjCIq.  prepared  by  precipitating 
a  solution  of  potassic  rutheniate  with  an  acid,  dissolving  the  precipitated 
bhck  oxide  in  hydrochloric  acid,  and  evaporating,  is  a  yellow-brown,  crys- 
talline, very  deliquescent  mass,  becoming  dark-green  and  blue  at  certain 

83 
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points  when  stronglj  heated.  It  dissolyes  easily  in  water  and  in  aleohol 
leaving  a  small  quantity  of  a  yellow  insoluble  salt. 

The  concentrated  solution  of  ruthenious  chloride,  mixed  with  concen- 
trated solutions  of  the  chlorides  of  potassium  and  ammonium,  yields  ilte 
double  salts,  Ru2Gl,.4KCl,  and  RugC1,.4NH/n,  in  the  form  of  crystalline 
precipitates,  with  violet  iridescence,  very  slightly  soluble  in  water,  insoluMe 
in  alcohol. 

The  tetrachloride  or  Ruthenic  chloride,  RuClf,  is  known  only  in  its  doable 
salts.  The  potanium-salt,  RUCI4  2KCI,  is  prepared  by  mixing  a  solutioaof 
ruthenic  hydrate  in  hydrochloric  acid  with  potassium  chloride,  and  evapo- 
rating to  the  crystallizing  point.  It  is  brown,  with  rose-colored  iridescence, 
very  soluble  in  water,  but  insoluble  in  alcohol.  The  ammonium  talt, 
RUCI4.2NH4CI,  is  prepared  like  the  potassium  salt,  which  it  resembles  closelj. 

Oxides.  —  Ruthenium  forms  five  oxides,  viz.,  RuO,  Ru,0,,  RuO,,  EuO,, 
and  RUO4,  the  fourth,  however,  being  known  only  in  combination. 

The  monoxide,  RuO,  obtained  by  calcining  the  dichloride  with  sodiam 
carbonate  in  a  current  of  carbon  dioxide,  and  washing  the  residue  vitfa 
water,  has  a  dark-gray  color  and  metallic  lustre;  is  not  acted  upon  by  acidi: 
but  is  reduced  by  hydrogen  at  ordinary  temperatures.  —  The  seMquiozide,  or 
Mutheniotu  oxides  Ru^O,.  is  a  bluish-black  powder,  formed  by  heating  the 
metal  in  the  air.  The  corresponding  hydrate,  Ru^Og.SOH,  or  Run,Oy  is 
obtained  by  precipitating  ruthenious  chloride  with  an  alkaline  carbonate, 
'as  a  blackish-brown  substance  which  dissolves  with  yellow  color  in  acid<;.— 
The  dioxide,  or  Ruthenic  oxide,  RuO,.  is  a  black-blue  powder,  obtained  bj 
roasting  the  disulphide.  Ruthenic  hydrate,  RuO,.20Hj,  or  Ru**H404,  is  ob- 
tained as  a  gelatinous  precipitate  by  decomposing  potassium  chlororiitbeniate 
with  sodium  carbonate.  —  The  trioxide,  RuO^.  commonly  called  rutkrme  add, 
is  known  only  as  a  potassium-salt,  which  is  obtained  by  igniting  ruthenium 
with  caustic  potash  and  nitre:  it  forms  an  orange-yellow  solution.  —  The 
tetroxide,  RUO4,  is  a  volatile  compound,  analogous  to  osmic  tetroxide,  ob- 
tained by  heating  ruthenium  with  potash  and  nitre,  in  a  silver  crucible,  dis- 
solving the  fused  mass  in  water,  and  passing  chlorine  through  the  solution 
in  a  tubulated  retort,  connected  by  a  condensing-tube  with  a  receiver  Cf-n- 
taining  potash.  The  tetroxide  then  passes  over  and  condenses  in  the  neck 
of  the  retort,  and  in  the  tube,  as  a  golden-yellow  crystalline  crust,  which 
melts  between  60°  and  60°.  It  is  heavier  than  oil  of  vitriol,  di^soWei 
slightly  in  water,  readily  in  hydrochloric  acid,  forming  a  solution  easiljr 
decomposed  by  alcohol,  sulphurous  acid,  and  other  reducing  agents. 

Sulphides.  —  Hydrogen  sulphide,  passed  into  a  solution  of  either  of  the 
chlorides  of  ruthenium,  usually  forms  a  precipitate  consisting  of  ruthenium 
sulphide  and  oxysulphido  mixed  with  free  sulphur.  The  blue  solution  of 
the  dichloride  yields  a  dark-brown  sesquisulphide,  Ru^g.  When  hydrogen 
sulphide  is  passed  for  a  long  time  into  a  solution  of  the  trichloride,  ruthe- 
nium disulphide,  RuS,,  is  formed,  as  a  brown-yellow  precipitate,  becoming 
dark-brown  by  calcination. 

Ammoniacal  Ruthenium  Compounds. —  Tetrammonio-hyporuthttdoua  chlor- 
ide, 4NH,  RuCl,.30H,,  or  [N,H4Ru^^(NH4),]Cl,  80H,,  is  formed  by  boiling 
the  solution  of  ammonium  chlororutheniate  (RUCI4.2NH4CI),  with  ammonia. 
It  forms  golden-yellow  oblique  rhombic  crystals,  very  soluble  in  water,  in- 
soluble in  alcohol.  Treated  with  silver  oxide,  it  yields  the  corresponding 
oxide,  4NHj  RuO,  which,  however,  is  decomposed  by  evaporation  of  its 
solution,  giving  off  half  its  ammonia,  and  leaving  the  compound  2NH^RuO, 
or  (N-H,Ru''^)0,  The  carbonate,  nitrate,  and  sulphate,  obtained  by  treat- 
ing this  last-mentioned  oxide  with  the  corresponding  silver  salts,  form 
yellow  crystals. 
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The  compounds  of  ruthenium  may  readily  be  diBtinguished  from  those 
of  the  other  platinum-met&U,  by  fusing  a  few  milligrammes  of  the  sub- 
stance in  a  platinum-spoon,  with  a  large  excess  of  nitre,  leaving  It  to  cool 
when  it  ceases  to  froth,  and  dissolving  the  cooled  mass  in  a  little  dictUled 
water.  An  orange-yellow  solution  of  potassium  rutheniate  is  thus  formed, 
which  on  addition  of  a  drop  or  two  of  nitric  acid,  yiields  a  bulky,  black 
precipitate ;  and  on  adding  hydrochloric  acid  to  the  liquid,  with  the  pre- 
cipitate still  in  it,  and  heating  it  in  a  porcelain  crucible,  the  oxide  dissolves, 
forming  a  solution  which  has  a  fine  orange-yellow  when  concentrated,  and 
when  treated  with  kydrogen-sulphidej  till  it  becomes  nearly  black,  yields  a 
filtrate  of  a  splendid  sky-blue  color.  Characteristic  reactions  are  also  ob- 
tained with  potassium  tulphoofanate^  which  colors  the  liquid  deep  red,  chang- 
ing to  yiolet  on  heating,  and  with  had  acetate^  which  forms  a  purple-red 
precipitate. 


OSMUJIC. 
Atomic  weight,  199.     Symbol,  Os. 

The  separation  of  this  metal  from  iridium,  ruthenium,  and  the  other 
metals  with  which  it  is  associated  in  native  osmiridium,  and  in  platinum 
residues,  depends  chiefly  on  its  ready  oxidation  with  nitric  or  nitromuratio 
acid,  or  by  ignition  in  air  or  oxygen,  and  the  volatility  of  the  oxide  thus 
produced. 

To  prepare  metallic  osmium,  the  solution  obtained  by  condensing  the 
vapor  of  osmium  tetroxide  in  potash  (p.  385]  is  mixed  with  excess  of  hy- 
drochloric acid,  and  digested  with  mercury  in  a  well-closed  bottle  at  40^ 
C.  (104^  F.)  The  osmium  is  then  reduced  by  the  mercury,  and  an  amalgam 
is  formed,  which,  when  distilled  in  a  stream  of  hydrogen  till  all  the  mer- 
cury and  calomel  are  expelled,  leaves  metallic  osmium  in  the  form  of  a 
black  powder  (Berzelius).  The  metal  may  also  be  obtained  by  igniting 
aminonium  chloro-osmite  with  sal-ammoniac. 

The  properties  of  osmium  vary  according  to  its  mode  of  preparation.  In 
the  pulverulent  state  it  is  black,  destitute  of  metallic  lustre,  which,  how- 
ever it  acquires  by  burnishing;  in  the  compact  state,  as  obtained  by  Ber- 
telius^s  method  above  described,  it  exhibits  metallic  lustre,  and  has  a  den- 
sity of  10.  Deville  and  Debray,  by  igniting  precipitated  osmium  sulphide 
in  a  crucible  of  gas-coke,  at  the  melting  heat  of  nickel,  obtained  it  in 
bluish-black,  easily  divisible  lumps.  When  heated  to  the  melting  point  of 
rhodium,  it  becomes  more  compact,  and  acquires  a  density  of  21*3  to  21 '4. 
At  a  still  higher  temperature,  capable  of  melting  ruthenium  and  iridium, 
and  volatilizing  platinum,  osmium  likewise  volatilizes,  but  still  does  not 
melt;  in  fact,  it  is  the  most  refractory  of  all  metals. 

Osmium  in  the  finely  divided  state  is  highly  combustible,  continuing  to 
burn  when  set  on  fire,  till  it  is  all  volatilized  as  tetroxide.  In  this  state 
also  it  is  easily  oxidized  by  nitric  or  nitromuriatic  acid,  being  converted 
into  tetroxide.  But  after  exposure  to  a  red  heat,  it  becomes  less  combus- 
tible, and  is  not  oxidized  by  nitric  or  nitromuriatic  acid.  Osmium  which 
has  been  heated  to  the  melting-point  of  rhodium,  does  not  give  off  any 
vapor  of  tetroxide  when  heated  in  the  air  to  the  melting-point  of  zinc,  but 
takes  fire  at  higher  temperatures. 

Osmium  Chlorides. — Osmium  forms  three  chlorides,  analogous  to  those 
of  iridium  and  ruthenium.  When  it  is  heated  in  dry  chlorine  jf>  s,  there 
is  formed,  first  a  blue-black  sublimate  of  the  dichloride,  then  a  red  subli- 
mate of  the  tetrachloride.     The  dichloride^  or  hypO'Oamiotu  ekloride^  dissolves 
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in  water  with  dark  violet-blue  color.  It  is  likewise  formed  by  the  action 
of  reducing  agents  on  either  of  the  higher  chlorides,  into  which,  on  the 
other  hand,  it  is  easily  converted  by  oxidation.  The  addition  of  potassiam 
chloride  renders  it  more  stable,  by  forming  a  double  salt.  The  tricJUoriiU^ 
OSjCl^,  has  not  been  isolated,  but  is  contained  in  the  solution  obtained  bj 
treating  the  sesquioxide  with  hydrochloric  acid.  It  forms  double  falls 
with  alkaline  chlorides.  The  potattium-aaU,  Os^Clf.GKCl.COHj,  is  prodoced 
together  with  potassium  chlorosmate,  when  a  mixture  of  pulverized  onBiam 
and  potassium  chloride  is  ignited  in  chlorine  gas ;  it  forms  dark  red-bro«  n 
crystals. 

The  tetrachloride^  or  Osmic  chloride^  OSCI4,  is  the  red  compound  which  con- 
stitutes the  principal  part  of  the  product  obtained  by  igniting  osmium  in 
chlorine  gas.  It  dissolves  with  yellow  color  in  water  and  alcohol,  and  is 
decomposed  quickly  in  dilute  solution,  more  slowly  in  presence  of  hydro- 
chloric acid  or  metallic  chlorides,  yielding  a  black  precipitate  of  osmie 
oxide,  and  a  solution  of  osmium  tetroxide  in  hydrochloric  acid. 

Osniic  chloride  unites  with  the  chlorides  of  the  alkali-metals,  forming 
salts  sometimes  called  osmtoehlorideay  or  chloronnate*.  From  the  solutions  of 
these  salts,  hydrogen  sulphide,  and  ammonium  sulphide^  slowly  precipitate  a 
yellow-brown  sulphide  insoluble  in  alkaline  sulphides;  silver  nitrate  fonuj 
an  olive-green,  stannous  chloride  a  brown  precipitate.  Tanme  addy  on  he&t- 
iiig>  produces  a  blue  color,  but  no  precipitate;  potassium  ferrocyanide,  first  % 
green,  then  a  blue  color ;  potassium  iodide,  a  deep  purple-red  color.  J'oterk 
gives  a  black,  ammonia  a  brown  precipitate,  slowly  in  the  cold,  immediatelj 
on  boiling.     Metallic  zinc  and  sodium  formate  throw  down  metallic  otcmiuin. 

Sodium  osmiochloridCf  OsCl4.2NaCl,  prepared  by  heating  a  mixture  of 
osmium  sulphide  and  sodium  chloride  in  a  current  of  chlorine,  crystallizes 
in  orange-colored  rhombic  prisms,  an  inch  long,  easily  soluble  in  water, 
and  in  alcohol.  The  potassium  and  ammonium  salts,  of  analogous  composi- 
tion, are  obtained  as  red-brown  crystalline  precipitates  on  adding  sal-am- 
moniac or  potassium  chloride  to  the  solution  of  the  sodium  salL 

Oxides. — Osmium  forms  five  oxides  analogous  to  those  of  ruthenium. 
The  monoxide  or  hypo-osmious  oxide^  O^O,  is  obtuined  by  igniting  hypo-osmi- 
ous  sulphite  in  a  stream  of  carbonic  acid  gas ;  also  as  blue-black  hydrate, 
by  heating  the  same  salt  with  strong  potash  solution  in  a  closed  vessel. 
Hypo-osmious  sulphite,  SOjOs-'-'  or  SO2.OSO,  is  a^  black-blue  salt,  produced 
by  mixing  the  aqueous  solution  of  osmium  tetroxide  with  sulphurous  acid.— 
The  sesquioxide  or  osmious  oxide,  OsjO,,  is  obtained  by  heating  either  of  the 
double  salts  of  the  trichloride  with  sodium  carbonate  in  a  stream  of  car- 
bonic acid  gas.  It  is  a  black  powder  ins^oluble  in  acids.  The  hydrate,  ob- 
tained by  precipitation,  has  a  dirty  brown-red  color,  is  soluble  in  acids,  but 
does  not  yield  pure  salts. 

The  dioxide,  or  Osmic  oxide,  OsO,,  is  obtained  as  a  black  insoluble  powder, 
by  heating  potassium  osmiochloride  with  sodium  carbonate  in  a  stream  of 
carbonic  acid  gas,  or  in  copper-red  metallic-shining  lumps,  by  heating  the 
corresponding  hydrate.  Osmic  hydrate,  OsOj.l'OHj,  is  obtained  by  precipi- 
tating a  solution  of  potassium  onmio-chloride  with  potash,  at  the  boiling 
heat,  or  in  greater  purity  by  mixing  a  solution  of  potassic  osmite,  OsOj-K^O, 
with  dilute  nitric  acid. 

The  trioxide,  OsOj.  is  not  known  in  the  free  state,  but  combines  vith 
alkalies,  forming  salts  called  osmites,  which  are  produced  by  the  action  of 
reducing  agents  on  the  tetroxide  in  presence  of  alkalies.  The  potassium  salt, 
OsOj.KjO.'iOH,,  is  a  rose-colored  crystalline  powder. 

The  tetroxide,  O8O4,  commonly  called  osmic  acid,  is  the  volatile,  strong- 
smelling  compound,  formed  when  osmium  or  either  of  its  lower  oxides  is 
heated  in  the  air,  or  treated  with  nitric  or  nitromuriatio  acid.     It  may  be 
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prepared  by  heating  osmium  in  a  current  of  oxygen  gas,  and  condenses  in 
the  cool  part  of  the  apparatus  in  colorless,  transparent  crystals.  It  melts 
below  100°,  and  boils  at  a  temperature  a  little  above  its  melting  point.  Its 
vapor  has  an  intolerably  pungent  odor ;  attacks  the  eyes  strongly  and  pain- 
fuliy,  and  is  excessiyely  poisonous.  Osmium  tetroxide  is  dissoWed  slowly, 
hut  in  considerable  quantity,  by  water,  forming  an  acid  solution.  It  is  a 
]K)werful  oxidising  agent,  decolorising  indigo  solution,  separating  iodine 
from  potassium  iodide,  converting  alcohol  into  aldehyde  and  acetic  acid,  &o. 
It  di!<soWes  in  alkalies,  forming  yellow-red  solutions,  which  are  inodorous 
when  cold,  but  when  heated,  give  off  the  tetroxide  and  free  oxygen,  leaving 
a  residue  of  alkaline  osmite. 

SrLPHiDss.  —  Osmium  bums  in  sulphur-vapor.  Five  sulphides  of  osmium 
m  said  to  exist,  analogous  to  the  oxides,  the  first  four  being  produced  by 
decomposing  the  corresponding  chlorides  with  hydrogen  sulphide,  and  the 
tetrasulphide  by  passing  that  gas  into  a  solution  of  the  tetroxide.  The  last 
is  a  sulphur-acid,  perfectly  soluble  in  water,  whereas  the  others  are  sul- 
phur-bases, slightly  soluble  in  water,  and  forming  deep  yellow  solutions. 

Amxokiacal  Osmium  Compounds. — A  cold  solution  of  potassium  osmite, 
mixed  with  sal-ammoniac,  yields  a  yellow  crystalline  precipitate,  consisting, 
according  to  Claus,  of  hydrated  osmammonium  chloride^  {^JAJds'')C\^.  An 
aqueous  solution  of  the  tetroxide  treated  with  ammonia,  yields  a  brown- 
bUck  powder,  consisting  of  N^HjOsO,,  or  [N,Hj(OsO)'^]O.OHy 

OsNiAMic  Acid,  Os^N^O^H,. — The  potassium-salt,  of  this  bibasic  acid, 
O^N^OiK,,  is  produced  by  the  action  of  ammonia  on  a  hot  solution  of 
osmium  tetroxide  in  excess  of  potash : 

6OSO4  +  8NH,  +  60KH  =  aOsjNjOjK,  +  150H,  +  N^ 

It  separates  as  a  yellow  crystalline  powder,  and  its  solution,  treated  with  sil- 
ver nitrate,  yields  a  precipitate  of  silver  osmiamate,  Os^N^OsAg,,  from  which 
the  aqueous  acid  may  be  prepared  by  decomposition  with  hydrochloric  acid. 
It  is  a  strong  acid,decomposing,  not  only  the  carbonates,  but  also  the  chlor- 
ides, of  potassium  and  sodium.  The  osmiamates  of  the  alkali-metals  and 
alkaline  earth-metals  are  soluble  in  water ;  the  lead,  mercury,  and  silver 
salts  are  insoluble. 


All  osmium  compounds,  when  heated  with  excess  of  nitric  acid,  give  off 
the  unpleasant  odor  of  osmium-tetroxide.  By  ignition  in  hydrogen  gas, 
they  are  reduced  to  metallic  osmium,  which,  as  well  as  the  lower  oxides, 
emits  the  same  odor  when  heated  in  contact  with  the  air.  The  reactions  of 
osmium  salts  in  solution  have  already  been  described. 


GROUP  II. 
TIH. 


Atomic  weight,  118.     Symbol,  Sn.  (Stannum.) 

This  valuable  metal  occurs  in  the  state  of  oxide,  and  more  rarely  as  sul- 
phide :  the  principal  tin  mines  are  those  of  Saxony  and  Bohemia,  Malacca, 
and  more  especially  Cornwall.  In  Cornwall  the  tin-stone  is  found  as  a  con- 
stitaent  of  metal-bearing  veins,  associated  with  copper  ore,  in  granite  and 
slate-rocks;  and  as  an  alluvial  deposit,  mixed  with  rounded  pebbles,  in  the 
beds  of  several  small  rivers.  The  first  variety  is  called  mine'  and  the 
88* 
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second  ttream'tin.  Tin  oxide  is  also  found  disseminated  through  the  rock 
itself  in  small  crystals. 

To  prepare  the  ore  for  reduction,  it  is  stamped  to  powder,  washed,  to 
separate  as  much  as  possible  of  the  earthy  matter,  and  roasted,  to  expi>l 
sulphur  and  arsenic:  it  is  then  strongly  heated  with  coal,  and  the  meul 
thus  obtained  is  cast  into  large  blocks.  Two  varieties  of  commercial  tin 
are  known,  called  gratn-  and  bar-tin;  the  first  is  the  best;  it  is  prepared  from 
the  stream  ore. 

Pure  tin  has  a  white  color,  approaching  that  of  siWer;  it  is  soft  and 
malleable,  and  when  bent  or  twisted  emits  a  peculiar  crackling  sound;  it 
has  a  density  of  7-3  and  melts  at  287''  C.  (457°  F.)  Tin  is  but  little  acted 
upon  by  air  and  water,  even  conjointly;  when  heated  above  its  melting 
point,  it  oxidizes  rapidly,  becoming  converted  into  a  whitish  powder,  used 
in  the  arts  for  polishing  under  the  name  of  putty-powder.  The  metal  is 
attacked  and  dissolved  by  hydrochloric  acid,  with  evolution  of  hydrogm; 
nitric  acid  acts  with  great  energy,  converting  it  into  a  white  hydrate  of  the 
dioxide. 

Tin  is  a  tetrad  metal,  and  forms  two  well-defined  classes  of  compounds, 
namely,  the  atannotu  compoundt^  in  which  it  is  bivalent,  as  Sn'^^Cl,,  Sn^'I^ 
Si/^0,  &c.,  and  the  utannic  compounds^  in  which  it  is  quadrivalent,  as  SnTl^ 
Sn''0,,  &c. ;  also  a  few  compounds  called  4tonno«o-«tofintr  eompoundM,  of  inter- 
mediate composition,  and  probably  formed  by  combination  of  stannous  and 
stannic  compounds,  «.  y.,  Sn2Cl0=SnCl,.SnCl4;  SnjOgrzr^nO.SnO,. 

Chlorides. — The  diehloride^  or  Stannous  chloride^  SnCl,,  is  obtained  in  the 
anhydrous  state  by  distilling  a  mixture  of  calomel  and  powdered  tin,  pre- 
pared by  agitating  the  melted  metal  in  a  wooden  box  until  it  solidifies.  It 
is  a  gray,  resinous-looking  substance,  fusible  below  redness,  and  volatile  at 
a  high  temperature. 

The  hydrated  chloride,  commonly  called  tin-aalt,  is  easily  prepared  by  dis- 
solving metallic  tin  in  hot  hydrochloric  acid.  It  crystallizes  in  needles  con- 
taining SnCl2.20H,,  which  are  freely  soluble  in  a  small  quantity  of  water, 
but  are  apt  to  be  decomposed  in  part  w^hen  put  into  a  large  mass,  unless 
hydrochloric  acid  in  excess  be  present.  Solution  of  stannous  chloride  i» 
employed  as  a  deoxidizing  agent;  it  reduces  the  salts  of  mercury  and  other 
metals  of  the  same  class.  It  is  also  extensively  employed  as  a  mordant  in 
dyeing  and  calico-printing;  sometimes  also  as  an  antichlore. 

Stannous  chloride  unites  with  the  chlorides  of  the  alkali-metals,  forming 
crystallizable  double  salts,  SnCl2.2KCl,  &c.,  called  Stannoto-efdorides  or 
Chlorostannites. 

The  tetrachloride^  or  Stannic  chloride^  SnCl^,  is  an  old  and  very  curious 
compound,  formerly  called  fuming  liquor  of  Libavius,  It  is  made  by  ex- 
posing metallic  tin  to  the  action  of  chlorine,  or,  more  .conveniently,  by  dis- 
tilling a  mixture  of  1  part  of  powdered  tin  with  6  parts  of  corrosive  subli- 
mate It  is  a  thin,  colorless,  mobile  liquid,  boiling  at  120®  C.  (248°  F.),  and 
yielding  a  colorless  invisible  vapor.  It  fumes  in  the  air,  and  when  mixed 
with  a  third  part  of  water,  solidifies  to  a  soft  fusible  mass  called  butter  of  tin. 
The  solution  of  stannic  chloride  is  much  employed  by  the  dyer  for  the 
brightening  and  fixing  ol  red  colors,  and  is  sometimes  designated  by  the 
old  names,  "composition,  physic,  or  tin  solution;"  it  is  commonly  prepared 
by  dissolving  metallic  tin  in  a  mixture  of  hydrochloric .  and  nitric  acids, 
care  being  taken  to  avoid  too  great  elevation  of  temperature.  The  solution 
when  evaporated  yields  a  deliquescent  crystalline  hydrate,  SnCl4,50Hy 

Stannic  chloride  forms,  with  the  chlorides  of  the  alkali-metals  and  alkaline 
earth-metals,  crystalline  double  salts,  called  Stannochloriden  or  Chloro*fannafes, 
e.g.,  8nCl4.2NH4Cl;  SnCl^.BaCl,,  &c.  It  alpo  forms  crystalline  conipoutirls 
with  the  pentachloride  and  axychloride  of  phosphorus,  viz..  Rnd^.PClj.  aihI 
SnCl4.P0Cl„  and  a  solid  compound  with  phosphine,  containing  3SnCl4  2rH^ 
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The  trichloride,  or  Stannoto-ttannic  chloride,  known  only  in  solution,  is 
produced  by  dissoWing  the  sesquioxide  in  hydrochloric  acid.  The  solu- 
lion  acts  like  a  mixture  of  the  dichloride  and  tetrachloride. 

F1.UOSIDE8. — Stofmout  fluoride,  SnF,,  obtained  by  evaporating  the  solution 
of  stannous  oxide  in  hydrofluoric  acid,  crystallixes  in  small  shining  opaque 
prisms.  Stittude  jtuoride,  SnF4,  is  not  known  in  the  free  state,  but  unites 
with  other  meiallic  fluorides,  forming  crystalline  compounds  called  stanno' 
^^uoride*  or  Jluoslannaiet,  isomorphous  with  the  corresponding  silicofluor- 
idea,  titanofluorides,  and  zircofluorides.  The  potassium  salt  contains 
SnF^.2KCL0fly  the  barium  salt,  SnF^.BaF,,  &c. 

Oxides. — The  monoxide,  or  Stannous  oxide,  SnO,  is  produced  by  heating 
stannous  oxalate  out  of  contact  with  the  air ;  also  by  igniting  stannous  hy- 
drate. This  hydrate,  2SnO.OH2,  or  SnjHjOg,  is  obtained  as  a  white  precipi- 
tate by  decomposing  stannous  chloride  with  an  alkaline  carbonate,  carbon 
dioxide  gas  being  at  the  same  time  eyolved.  This  hydrate,  carefully  washed, 
dried,  and  heated  in  an  atmosphere  of  carbon  dioxide,  leaves  anhydrous 
stannous  oxide  as  a  dense  black  powder,  which  is  permanent  in  the  air,  but 
when  touched  with  a  red-hot  body,  takes  fire  and  burns  like  tinder,  pro- 
ducing the  dioxide.  The  hydrate  is  freely  soluble  in  caustic  potash ;  the 
solution  decomposes  by  keeping  into  metallic  tin  and  dioxide.  It  dissolves 
also  in  sulphuric  acid,  forming  etannoue  sulphate,  S04Sn^^,  which  crystallizes 
in  needles. 

The  sesquwxide,  Sn.Oy,  is  produced  by  the  action  of  by  drat  ed  ferric  oxide 
upon  stannous  chloride :  it  is  a  grayish,  slimy  substance,  soluble  in  hydro- 
chloric acid,  and  in  ammonia.     This  oxide  has  been  but  little  examined. 

The  dioxide,  or  Stannic  oxide,  SnO,,  occurs  native  as  tin-stone  or  cassi- 
terite,  the  common  ore  of  tin,  and  is  easily  formed  by  heating  tin,  stan- 
nous oxide,  or  stannous  hydrate  in  contact  with  the  air.  As  thus  pre- 
pared, it  is  a  white  or  yellowish  amorphous  powder ;  but  by  passing  the 
vapor  of  stannic  chloride  mixed  with  aqueous  vapor  through  a  red-hot 
porcelain  tube,  it  may  be  obtained  in  crystals.  It  is  not  attacked  by  acids, 
even  in  the  concentrated  state. 

Stannic  oxide  forms  two  hydrates,  differing  from  one  another  in  compo- 
eition  and  properties ;  both,  however,  being  acids,  and  capable  of  forming 
salts  by  exchanging  their  hydrogen  for  metals.  These  hydrates  or  acids 
are  ilannie  acid,  SnO^OM,,  or  SnO^K^  and  metastanniracid,  Sn^OiQ.fiOIIj.  or  Sn^ 
0|jH,Q,  the  former  being  capable  of  exchanging  the  whole  of  its  hydrogen  for 
meial,  and  forming  the  stannates,  containing  SnO^M,;  while  the  latter  ex- 
changes only  one  fifth  of  its  hydrogen,  forming  the  metaxiannates,  SngOjsHgM^ 

Stannic  acid  is  precipitated  by  acids  from  solutions  of  alkaline  stannates, 
also  from  solution  of  stannic  chloride,  by  calcium  or  barium  carbonate  not 
in  excess;  alkaline  carbonates  throw  down  an  acid  stannate.  When  dried 
ID  the  air  at  ordinary  temperatures,  it  has,  according  to  Weber,  the  com- 
position, Sn02.20H.;  in  a  vacuum  half  the  water  is  given  off,  leaving 

Stannic  hydrate  dissolves  in  the  stronger  acids,  forming  the  stannic  salts; 
thus  with  sulphuric  acid  it  forms  stannic  sulphate  (SO^)j^n^^,  or  2SOg.SnO,. 
Hydrochloric  acid  converts  it  into  the  tetrachloride.  The  stannic  salts  of 
oxjgen  acids  are  very  unstable. 

Stannates. — Stannic  hydrate  exhibits  acid  much  more  decidedly  than 
l)&sic  properties.  It  forms  easily  soluble  salts  with  the  alkalies,  and  from 
these  the  insoluble  stannates  of  the  earth-metals  and  heavy  metals  may  be 
obtained  by  precipitation.  Sodium  stannate,  SnOgNn,,  which  is  much  used 
in  calico-printing  as  a  *'•  preparing  salt"  or  mordant,  is  produced  on  the 
krge  scale  by  fusing  tin-stone  with  hydrate,  nitrate,  chloride,  or  sulphide 
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of  sodium ;  by  boiling  the  tin  ore  with  caustic  soda  solution ;  by  fusing 
jnetallic  tiu  with  a  mixture  of  sodium  nitrate  and  carbonate ;  or  heating  it 
with  soda  solution  mixed  with  sodium  nitrate  and  chloride.**^ 

J/etaetannic  acid  is  produced  hy  the  actioti  of  nitric  acid  upon  tin.  When 
dried  in  the  air  at  ordinary  temperatures,  it  contains  dSnO^  lOOH,,  or  80^ 
0,gH,2  50H,,  but  at  100®  it  gires  oiF  6  molecules  of  water,  and  is  reduceu 
to  •SiisOistlj^  It  is  a  white  crystalline  powder,  iusoluble  in  water  and  in 
acids,  it  dissoWes  slowly  in  alkalies  forming  metastannates,  but  is  grad- 
ually deposited  in  its  original  state  as  the  solution  absorbs  carbonic  acid 

from  the  air.     The  potattium  salt,  Sn^Oj^llgK^  or  (Sn02)5  i    oir  1  ™*7  ^ 

precipitated  in  the  solid  state  by  adding  pieces  of  solid  potash  to  a  solution 
of  metastannic  acid  in  cold  potash.  It  is  gummy,  uncrystallizable,  and 
strongly  alkaline.  The  9o<iiumsal(,  Sn^Oi^IIgNa^  prepared  in  like  mannrr, 
is  crysiallo-granular,  and  dissoWes  slowly,  but  completely,  in  water.  The 
metastannates  exiat  only  in  the  hydrated  state,  being  decomposed  when 
deprived  of  their  basic  water. 

Tin  Sulphides. — The  monondphidt,  SnS,  is  prepared  by  fusing  tin  with 
excess  of  sulphur,  and  strongly  heating  the  product.  It  is  a  lead-gmj, 
brittle  substance,  fusible  at  a  red  heat,  and  soluble,  with  cTolution  of  sul- 
phuretted hydrogen,  in  hot  hydrochloric  acid.  A  Betquiaulphide  may  be 
formed  by  gently  heating  the  above  compound  with  a  third  of  its  weight  of 
sulphur:  it  is  yellowish-gray,  and  easily  decomposed  by  heat.  The  tisid- 
phide,  SnS,.'  or  Mosaic  gold,  is  prepared  by  exposing  to  a  low  red  heat,  in  a 
glass  flask,  a  mixture  of  12  parts  of  tin,  6  of  mercury,  6  of  sal-ammoniac, 
and  7  of  flowers  of  sulphur.  Sal-ammoniac,  cinnabar,  and  stannous  chlor- 
ide sublime,  while  the  bisulphide  remains  at  the  bottom  of  the  ressel  in  the 
form  of  brilliant  gold-colored  scales:  it  is  used  as  a  substitute  for  gold  pow- 
der. The  same  compound  is  obtained  as  an  amorphous  light-yeUow  pow- 
der by  passing  hydrogen  sulphide  into  a  solution  of  stannic  chloride. 


Ilt/droffen  sulphide  . 
Ammonium  sulphide 


Stannous  salts  give  with : 

I'ixed  caustic  alkalies :  white  hydrate,  soluble  in  excess. 
Ammonia :     carbonates  \ 

of  potassium,  sodium,  >  white  hydrate,  nearly  insoluble  in  excess, 
and  ammonium    .     .  J 

black-brown  precipitate  of  monosulphide,  sol- 
uble in  ammonium  sulphide  containing  excess 
of  sulphur,  and  reprecipitated  by  acids  as 
yellow  bisulphide. 
Stannic  salts  give  with  : 

Fixed  caustic  alkalies:  white  hydrate,  soluble  in  excess. 
Ammonia:  white  hydrate,  slightly  soluble  in  excess. 
Alkaline  carbonates:  white  hydrate,  slightly  soluble  in  excess. 
Ammonium  carbonate:  white  hydrate,  insoluble. 
Ihjdrogen  sulphide:  yellow  precipitate  of  bisulphide. 
Ammonium  sulphide:  the  same,  soluble  in  excess. 
Trichloride  of  gold,  added  to  a  dilute  solution  of  stannous  chloride,  givei 
rise  to  a  brownish-purple  precipitate,  called  purple  of  Cassiut  (p.  871). 


The  useful  applications  of  tin  are  very  numerous.  Tinned  plate  consist* 
of  iron  superficially  alloyed  with  this  metal;  pewter,  of  the  best  kind,  is 
chiefly  tin,  hardened  by  the  admixture  of  a  little  antimony,. &c.     Cooking- 

•  Richnrdson  nnd  Watts*!!  Clicmlciil  Technology,  Tol.  I.  pt  Iv.  p.  35,  and  pt,  v.  p.  342. 
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TcsseU  of  copper  are  usually  tinned  in  the  interior.     The  use  of  tin  solu- 
tions in  dyeing  and  calico-printing  has  been  already  mentioned. 


THAHIUM. 
Atomic  weight,  50.     Symbol,  Ti. 

This  is  one  of  the  rarer  metals,  and  is  nerer  found  in  the  metallic  state. 
The  most  important  titanium  minerals  are  rutilf,  brookiu,  and  analasey  which 
are  different  forms  of  titanic  oxide,  and  the  several  varieties  of  titaniferous 
iron,  consisting  of  ferrous  titanate,  sometimes  alone,  but  more  generally 
mixed  with  ferric  or  ferroso-ferric  oxide.  Occasionally  iu  the  slag  adhering 
to  the  bottom  of  blast-furnaces  in  which  iron  ore  is  reduced,  small  brilliant 
copper-colored  cubes,  hard  enough  to  scratch  glass,  and  in  the  highest 
degree  infusible,  are  found.  This  substance,  of  which  a  single  smelting 
furnace  in  the  Ilartz  produced  as  much  as  80  pounds,  was  formerly  believed 
to  be  metallic  titanium.  Recent  researches  of  Wohler,  however,  have 
shown  it  to  be  a  combination  of  titanium  cyanide  with  titanium  nitride, 
^'hen  these  crystals  are  powdered,  mixed  with  potassium  hydrate,  and 
fused,  ammonia  is  evolved,  and  potassium  titanate  is  formed.  Metallic 
titanium  in  a  finely  divided  state  may  be  obtained  by  heating  titanium  and 
potassium  fluoride  with  potassium.  This  element  is  remarkable  for  its 
affinity  for  nitrogen :  when  heated  in  the  air,  it  simultaneously  absorbs 
oxygen  and  nitrogen. 

Titaninm  is  tetradic,  like  tin,  and  forms  two  classes  of  compounds :  the 
/i/ante  compounds,  in  which  it  is  quadrivalent,  e.ff.  Ti'^Cl^,  Ti'^O,,  and  the 
iitawnu  compounds,  in  which  it  is  apparently  trivalent  but  really  also 
quadrivalent,  e.  g, : 

TiCl, 
TijClj,  or 


TiCI,. 


Chlorides.  —  Titanout  chloride,  Ti^CIf,  is  produced  by  passing  the  vapor 
of  titanic  chloride  mixed  with  hydrogen  through  a  red-hot  tube;  it  forms 
dark  violet  scales  having  a  strong  lustre.  Titanic  chloride,  TiCl4,  is  prepared 
by  passing  chlorine  over  an  ignited  mixture  of  titanic  oxide  and  charcoal. 
It  is  a  colorless  volatile  fuming  liquid,  having  a  specific  gravity  of  1  -7009 
at  0°,  vapor  density  =  6-658,  and  boiling  at  iJJo®.  It  unites  very  violently 
with  water,  and  forms  definite  compounds  with  ammonia,  ammonium  chlor- 
i'lo,  hydrugen  cyanide,  cyanogen  chloride,  phosphino,  and  sulphur  tetra- 
chloride. 

Fluorides.  —  Titanoiu  fluoride,  Ti^F^.  is  obtained  as  a  violet  powder  by 
igniting  pot assio- titanic  fluoride  in  hydrogen  gas,  and  treating  tho  resulting 
ma«i  with  hot  water.  Titanic  fluoride,  TiK^,  passes  over  as  a  fuming  color- 
b9!<  liquid,  when  titanic  oxide  is  distilled  with  fluor-spar  and  fuming  sul- 
phuric acid  in  a  platinum  apparatus.  It  unites  with  hydrofluoric  acid  and 
metallic  fluorides,  forming  double  salts  called  ti/ano-fluorides  or  fluotitannafe.it 
i*<oinorphnus  witli  the  Silicofluoridcs,  zircofluorides,  &c.,  e.  y.,  TiF^.iiKF ; 
TiF^.CaF, 

Oxides.  —  The  aesquiozide,  or  Titanous  oxide,  Ti^Og,  is  obtained  by  igniting 
the  dioxide  in  hydrogen,  as  a  black  powder,  which,  when  heated  in  the  air 
to  A  very  high  temperature,  oxidizes  to  titanic  oxide. 

The  dioxide  or  Titanic  oxide  occurs  native  in  three  different  forms,  viz.,  as 
rutile  and  anatase,  which  are  dimetrio,  and  brookite,  which  is  trimetric; 
of  these,  anatase  is  the  purest,  and  rutilo  the  most  abundant.     To  obtain 
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pure  titanic  oxide,  rutile  or  iitaniferous  iron  ore,  reduced  to  fine  powder, 
is  fused  with  twice  its  weight  of  potassium  carbonate,  and  the  fused  ma^s 
is  dissolved  in  dilute  hydrofluoric  acid,  whereupon  titano-fluoride  of  potas- 
sium soon  begins  to  separate.  From  the  hot  aqueous  solution  of  this  sail. 
ammonia  throws  down  snow-white  ammonium  titanate,  which  is  easi)/ 
soluble  in  hydrochloric  acid,  and  when  ignited  giyes  reddish -brown  lumj^ 
of  titanic  oxide.  This  oxide  is  insoluble  in  water,  and  in  all  acids  except 
strong  sulphuric  acid.  By  fusing  it  with  six  times  its  weight  of  acid  potas- 
sium sulphate,  a  clear  yellow  mass  is  obtained,  which  dissolves  perfectly  in 
warm  water. 

Titanic  oxide  appears  to  fprm  two  hydrates  or  acids,  analogous  to  stannic 
and  metastannic  ucids.  One  of  these,  called  titank  aeidy  is  precipitated  by 
ammonia  from  a  solution  of  titanic  chloride,  as  a  white  powder  which  dis- 
solves easily  in  sulphuric,  nitric,  and  hydrochloric  acids,  even  when  the^e 
acids  are  rather  dilute ;  but  these  dilute  solutions,  when  boiled,  deposit 
metatitanie  hydrate^  as  a  soft  white  powder,  w^hich,  like  the  anhydrous  oxide, 
is  insoluble  in  all  acids  except  strong  sulphuric  acid. 

The  titanates  have  not  been  much  studied;  most  of  them  may  be  repre- 
sented by  the  formulae,  TiO^M,  ==  TiO,.2M-0,  and  TiO,M,  =  TiO^MjO  (ibe 
symbol  M  denoting  a  univalent  metal).  The  titanates  of  calcium  and  iron 
occur  as  natural  minerals.  The  titanates  of  the  alkali-metals  are  formed 
by  fusing  titanic  oxide  with  alkaline  hydrates,  carbonates,  or  acid  sulphates 
—  some  of  them  also  in  the  wet  way.  When  finely  pulverized  and  levigated, 
they  dissolve  in  moderately  warm,  concentrated  hydrochloric  acid;  bat  the 
greater  part  of  the  dissolved  titanic  acid  is  precipitated  on  boiling  the 
solution  with  dilute  acids.  The  neutral  titanates  of  the  alkali-metala,  TiO] 
M,,  are  insoluble  in  water,  but  soluble  in  acids.  The  titanates  of  the 
earth-metals  and  heavy  metals  are  insoluble,  and  may  be  obtained  by  pre- 
cipitation. 

In  a  solution  of  titanic  acid  in  hydrochloric  acid,  containing  as  little  free 
acid  as  possible,  tincture  of  gall*  produces  an  orange-colored  precipitate; 
potMsium  ferroq/anide,  a  dark-brown  precipitate.  Titanic  oxide  fused  with 
borax,  or  better,  with  microeosmic-salt,  in  the  inner  blowpipe  flame,  forms  a 
glass  which  is  yellow  while  hot,  but  becomes  violet  on  cooling.  The  deli- 
cacy of  the  reaction  is  much  increased  by  melting  a  little  metallic  line  in 
the  lead. 


GROUP  III. 
LEAD. 


Atomic  weight,  207.     Symbol,  Pb  (Plumbum). 

This  abundant  and  useful  metal  is  altogether  obtained  from  the  natire 
sulphide,  or  galena,  no  other  lead-ore  being  found  in  large  quantity.  The 
reduction  is  effected  in  a  reverberatory  furnace,  into  which  the  crushed 
lead-ore  is  introduced  and  roasted  for  some  time  at  a  dull  red  heat,  by 
which  much  of  the  sulphide  becomes  changed  by  oxidation  to  sulphate. 
The  contents  of  the  furnace  are  then  thoroughly  mixed,  and  the  tempera- 
ture raised,  when  the  sulphate  and  sulphide  react  upon  each  other,  pro- 
ducing sulphurous  oxide  and  metallic  lead : 

SO^Pb  +   PbS  =.  Pb,   -f-   2S0r 

Lead  melts  at  SIS-S®  C.  (000°  F.),  or  a  little  above,  and  boils  and  volatiliies 
at  a  white  heat.  By  slow  cooling  it  may  be  obtained  in  ootohedral  crystals. 
In  moist  air  this  metal  becomes  coated  with  a  film  of  gray  matter,  thought 
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to  be  suboxide,  and  when  exposed  to  the  atmosphere  in  the  melted  state  it 
rapidly  absorbs  oxygen.  Dilute  acids,  with  the  exception  of  nitric  acid, 
act  but  slowly  upon  lead. 

Lead  is  a  tetrad,  as  shown  by  the  constitution  of  plumbic  ethide,  Pb'^iCj 
H|)4:  but  in  its  inorganic  combinations  it  appears  dyadic,  forming  but  one 
cliloride,  Fb^^Cl^  with  correMponding  bromide  and  iodide.  The  oxide  cor- 
responding to  these  is  Pb^'^O,  and  there  are  also  higher  oxides  in  which  the 
metal  may  be  regarded  either  as  a  dyad  or  as  a  tetrad:  thus  the  dioxide 
PbO,  may  be  formulated  either  as 

0  =  Pb  =  0,  or  as  |     ^Pb. 

Lead  Chloride,  PbCI,,  is  prepared  by  precipitating  a  solution  of  lead 
nitrate  or  acetate  with  hydrochloric  acid  or  common  salt.  It  separates  as 
a  heavy  white  crystalline  precipitate,  which  dissolves  in  about  33  parts  of 
boiling  water,  and  separates  ngain,  on  cooling,  in  needle-shaped  crystals. 

There  are  several  oxychlorides  of  lead,  one  of  which,  Pb^CljO^,  or  PbCl,. 
2PbO,  occurs  crystallized  in  right  rhombic  prisms  on  the  Mendip  Hills, 
thence  called  m^n(f//>./^.  Another,  constituting  Pattinson's  white  oxychlor- 
ide,  PbjCljO  or  PbCl^-PbO,  is  prepared  for  use  as  a  pigment  by  grinding 
galena  with  strong  hydrochloric  acid,  dissolving  the  resulting  chloride  in 
hot  w.%ter,  and  precipitating  with  lime-water.  A  third  oxychloride,  PbCl,. 
TPbO,  called  patent  yellow  or  Turner  s  yellow,  is  prepared  by  heating  1  part 
of  sal-ammoniac  with  10  parts  of  litharge. 

Lkad  Iodide,  Pbl,,  is  precipitated,  on  mixing  lead  nitrnte  or  acetate 
with  potassium  iodide,  as  a  bright  yellow  powder,  which  dissolves  in  boiling 
water,  and  crystallizes  therefrom  in  beautiful  yellow  iridescent  spangles. 

Oxides.  —  The  monoxide^  PbO,  called  litharge  or  masncoi,  is  the  product 
of  the  direct  oxidation  of  the  metal.  It  is  most  conveniently  prepared  by 
heating  the  carbonate  to  dull  redness;  common  litharge  is  impure  monoxide 
which  has  undergone  fusion.  Lead  oxide  has  a  delicate  straw-yellow  color, 
ift  very  heavy,  and  slightly  soluble  in  water,  giving  an  alkaline  liquid  It 
i^  soluble  in  potash,  and  crystallizes  from  the  solution  in  rhombic  prisms. 
At  a  red  heat  it  melts,  and  tends  to  crystallize  on  cooling.  In  the  melted 
state  it  attacks  and  dissolves  siliceous  matter  with  astonishing  facility,  often 
penetrating  an  earthen  crucible  in  a  few  minutes.  It  is  easily  reduced 
when  heated  with  organic  substances  of  any  kind  containing  carbon  or 
hydrogen.  It  forms  a  large  class  of  salts,  often  called  plumbic  talts,  which 
are  colorless  if  the  acid  itself  is  not  colored. 

Triplumbie  tetroxiffe,  or  Red  lead^  is  not  of  very  constant  composition,  but 
generally  contains  PbgO,  or  2PbO.Pb02.  It  is  prepared  by  exposing  the 
monoxide,  which  has  not  been  fused,  for  a  long  time  to  the  air,  at  a  very 
fa-nt  red  heat;  it  is  a  brilliant  red  and  extremely  heavy  powder,  decom- 
posed, with  evolution  of  oxygen,  by  a  strong  heat,  and  converted  into  a 
mixture  of  monoxide  and  dioxide  by  acids.  It  is  used  as  a  cheap  substitute 
for  rermilion. 

The  dioxide^  PbO^  often  called  puce  or  hrown  lead-ozide,  is  obtained  without 
difficulty  by  digesting  red  lead  in  dilute  nitric  acid,  whereby  lead  nitrate  is 
dissolved  out,  and  insoluble  dioxide  left  behind  in  the  form  of  a  deep-brown 
powder.  The  dioxide  is  decomposed  by  a  red  heat,  yielding  up  one  half 
of  its  oxygen.  Hydrochloric  acid  converts  it  into  lead  chloride,  with  dis- 
engagement of  chlorine ;  hot  oil  of  vitriol  forms  with  it  lead  sulphate,  and 
liberates  oxygen.  The  dioxide  is  very  useful  in  separating  sulphurous  acid 
from  certain  gaseous  mixtures,  lead  sulphate  being  then  produced :  PbO, 
-f  SO,  =  PbS04. 
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Diplumbie  oxidey  or  Lead  auboxide^  Vhfi  or  Pb — O — Pb,  is  formed  when  thp 
monoxide  is  heated  to  dull  redness  in  a  retort;  a  gray  puWerulent  sub* 
stance  is  then  left,  which  is  resolved  by  acids  into  monoxide  and  metal,  it 
absorbs  oxygen  with  great  rapidity  when  heated,  and  eyen  when  simply 
moistened  with  water  and  exposed  to  the  air. 

Lead  Niteate,  (N0j)2Pb  or  NjOg  PbO,  may  be  obtained  by  dissoMog 
lead  carbonate  in  nitric  acid,  or  by  acting  directly  upon  the  metal  by  the 
same  agent  with  the  aid  of  heat:  it  is,  as  already  noticed,  a  by-product 
in  the  preparation  of  the  dioxide  It  crystallizes  in  anhydrous  octohedroos. 
which  are  usually  milk-white  and  opaque.  It  dissolves  in  7^  pari^  of  cold 
water,  and  is  decomposed  by  heat,  yielding  nitrogen  tetroxide,  oxygen,  and 
lead  monoxide,  which  obstinately  retains  traces  of  nitrogen.  When  a 
solution  of  this  salt  is  boiled  with  an  additional  quantity  of  lead  oxide,  a 
portion  of  the  latter  is  dissolved,  and  a  basic  nitrate  is  generated,  which 
may  be  obtained  in  crystals.  Carbonic  acid  separates  this  excess  of  oxide 
in  the  form  of  a  white  compound  of  lead  carbonate  and  lead  hydrate. 

Neutral  and  basic  compounds  of  lead  oxide  with  the  trioxide  and  tetroxide 
of  nitrogen,  have  been  described.  These  last  are  probably  formed  by  the 
combination  of  a  nitrite  with  a  nitrate. 

Lead  Carbonate  ;  White  Lead  ;  COjPb'^  or  CO,PbO. — This  salt  is  some- 
times found  beautifully  crystallized  in  long  white  needles,  accompanying 
other  metallic  ores.  It  may  be  prepared  artificially  by  precipitating  in  the 
cold  a  solution  of  the  nitrate  or  acetate  with  an  alkaline  carbonate :  when 
the  lead  solution  is  boiling,  the  precipitate  is  a  basic  salt  containing 
2C09Pb.  PblljO,;  it  is  also  manufactured  to  an  immense  extent  by  otht^r 
means  for  the  use  of  the  painter.  Pure  lead  carbonate  is  a  soH^  wiiite 
powder,  of  preat  specific  gravity,  insoluble  in  water,  but  easily  dissolved 
by  dilute  nitric  or  acetic  acid. 

Of  the  many  methods  put  in  practice,  or  proposed,  for  making  white 
lead,  the  two  following  are  the  most  important  and  interesting :  One  of 
these  consists  in  forming  a  basic  nitrate  or  acetate  of  lead  by  boiling  fiuolv 
powdered  litharge  with  the  neutral  salt.  This  solution  is  then  brought  into 
contact  with  carbonic  acid  gas,  whereby  all  the  excess  of  oxide  previousilj 
taken  up  by  the  neutral  salt  is  at  once  precipitated  as  white  lead.  The 
solution  strained  or  pressed  from  the  latter  is  again  boiled  with  litharge, 
and  treated  with  carbonic  acid:  these  processes  are  susceptible  of  inde6nite 
repetition,  whereby  the  little  loss  of  neutral  salt  left  in  the  precipitates*  is 
compensated.  The  second,  and  by  far  the  more  ancient  method,  is  rather 
more  complex,  and  at  first  sight  not  very  intelligible.  A  great  number  of 
earthen  jars  are  prepared,  into  each  of  which  is  poured  a  few  ounces  of 
crude  vinegar ;  a  roll  of  sheet-lead  is  then  introduced  in  such  a  manner  tbzt 
it  shall  neither  touch  the  vinegar  nor  project  above  the  top  of  the  jar.  Tbe 
vessels  are  next  arranged  in  a  large  building,  side  by  side,  upon  a  layer  of 
stable  manure,  or,  still  better,  spent  tan,  and  closely  covered  with  boards 
A  second  layer  of  tan  is  spread  upon  the  top  of  the  latter,  and  then  » 
second  series  of  pots;  these  are  in  turn  covered  with  boards  and  decom- 
posing bark,  and  in  this  manner  a  pile  of  many  alternations  is  constructed. 
After  the  lapse  of  a  considerable  time,  the  pile  is  taken  down  and  the  sheets 
of  lead  are  removed  and  carefully  unrolled;  they  are  then  found  to  be  in 
great  part  converted  into  carbonate,  which  merely  requires  washing  and 
grinding  to  be  fit  for  use.  The  nature  of  this  curious  process  is  generally 
explained  by  supposing  the  vapor  of  vinegar  raised  by  the  high  tempera- 
ture of  the  fermenting  matter,  merely  to  act  as  a  carrier  between  the  car- 
bonic acid  evolved  from  the  tan,  and  the  lead  oxide  formed  under  the  in- 
fluence of  the  acid  vapor,  a  neutral  acetate^  a  basic  acetate,  and  a  carbonate 
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l»«ing  produced  in  succession,  and  the  action  gradually  trayelling  from  the 
snrface  inwards.  The  quantity  of  acetic  acid  used  is,  in  relation  to  the 
l^jtd,  quite  trilling,  and  cannot  directly  contribute  to  the  production  of  the 
«r4irbonate.  A  preference  is  si  ill  given  to  the  product  of  this  old  mode  of 
manofacture,  on  account  of  its  superiority  of  opacity,  or  body^  over  that 
obtained  by  precipitation.  Commercial  white  lead,  however  prepared, 
Always  contains  a  certain  proportion  of  hydrate.  It  is  sometimes  adul- 
terated with  barium  sulphate. 

When  clean  metallic  lead  is  put  into  pure  water  and  exposed  to  the  air,  a 
-white,  crystalline,  scaly  powder  begins  to  show  itself  in  a  few  hours,  and 
yrery  rapidly  increases  in  quantity.  This  substance  may  consist  of  lead 
iiydrate,  formed  by  the  action  of  the  oxygen  dissolved  in  the  water  upon 
the  lead.  It  is  slightly  soluble,  and  may  be  readily  detected  in  the  water. 
In  most  cases,  however,  the  formation  of  this  deposit  is  due  to  the  action 
of  the  carbonic  acid  dissolved  in  the  water:  it  consists  of  carbonate  in 
combination  with  hydrate,  and  is  nearly  insoluble  in  water.  When  common 
river  or  spring  water  is  substituted  for  the  pure  liquid,  this  effect  is  less 
observable,  the  little  sulphate,  almost  invariably  present,  causing  the  depo- 
sition of  a  very  thin  but  closely  adherent  film  of  lead  sulphate  upon  the 
surface  of  the  metal,  which  protects  it  from  further  action.  It  is  on  this 
account  that  leaden  cisterns  are  used  with  impunity,  at  least  in  most  cases, 
for  holding  water:  if  the  latter  were  quite  pure,  it  would  be  speedily  con- 
taminated with  lead,  and  the  cistern  would  be  soon  destroyed.  Natural 
water  highly  charged  with  carbonic  acid  cannot,  under  any  circumstances, 
be  kept  in  lead  or  passed  through  leaden  pipes  with  safety,  the  carbonate, 
though  very  insoluble  in  pure  water,  being  slightly  soluble  in  water  con- 
taining carbonic  acid. 

The  soluble  salts  of  lead  behave  with  reagents  as  follows:  — 
Caustic  potash  and  toda  precipitate  a  white  hydrate  freely  soluble  in  ex- 
cess. Ammonia  gives  a  similar  white  precipitate,  not  soluble  in  excess. 
The  carbonates  of  potaMiumy  6odium,  and  ammonium^  precipitate  lead  car- 
bonate, insoluble  in  excess.  Sulphuric  acid  or  a  tulphate  causes  a  white  pre- 
cipitate of  lead  sulphate  insoluble  in  nitric  acid.  Hydrogen  sulphide  and 
ammonium  sulphide  throw  down  black  lead  sulphide.  Lead  is  readily  de- 
tected before  the  blowpipe  by  fusing  the  compound  under  examination  on 
charcoal  with  sodium  carbonate,  when  a  bead  of  metal  is  easily  obtained, 
which  is  recognized  by  its  chemical  as  well  as  physical  properties. 


An  alloy  of  2  parts  of  lead  and  1  of  tin  oonsiituiea  plumbers*  solder;  these 
proportions  reversed  give  a  more  fusible  compound,  called  fine  solder.  The 
lead  employed  in  the  manufacture  of  shot  is  combined  with  a  little  arsenic. 


GROUP  IV.  — IRON  METALS. 

IBON. 
Atomic  weight,  66.     Symbol,  Fe  (Ferrum). 

This  is  the  most  important  of  all  metals:  there  are  few  substances  to 
which  it  yields  in  interest,  when  it  is  considered  how  very  intimately  the 
knowledge  of  its  properties  and  uses  is  connected  with  human  civilization. 

Metallic  iron  is  of  exceedingly  rare  occurrence :  it  has  been  found  at  Canaan, 
in  Connecticut,*  forming  a  vein  about  two  inches  thick  in  mica-slate ;  but  it 

•  Phniipe*  Mineralogy,  4th  edit.  p.  206. 
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invariably  enters  into  the  composition  of  those  extraordinary  stones  knovn 
to  fall  from  the  air,  called  meteorites.  Isolated  masses  of  soft  malleable  irtc  \ 
also,  of  large  dimensions,  lie  loose  upon  the  surface  of  the  earth  in  Sooth  | 
America  and  elsewhere,  and  arc  presumed  to  have  had  a  similar  ongio:  \ 
these  latter,  in  common  with  the  iron  of  the  undoubted  meteorites,  contain  I 
nickel.  In  an  oxidized  condition,  the  presence  of  iron  may  be  said  to  be  \ 
universal:  it  constitutes  «  great  part  of  the  common  coloring  matter  of  | 
rocks  and  soils;  it  is  contaiu»'d  in  plants,  and  forms  an  essential  component 
of  the  blood  of  the  animal  body.  It  is  also  very  common  in  the  stale  of 
bisulphide.  Pure  iron  may  be  prepared,  according  to  Mitscherlicb.  by 
introducing  into  a  Hessian  crucible  4  parts  of  fine  iron  wire  cut  smaU.  and 
1  part  of  black  ron  oxide.  This  is  covered  with  a  mixture  of  white  sand, 
lime,  and  potassium  carbonate,  in  the  proportions  used  for  glas8-m:.king, 
and  a  cover  being  closely  applied,  the  crucible  is  exposed  to  a  very  high 
degree  of  heat.  A  button  of  pure  metal  is  thus  obtained,  the  traces  oC  car- 
bon and  silicium  present  in  the  wire  having  been  removed  by  the  oxygen 
of  the  oxide. 

Pure  iron  has  a  white  color  and  perfect  lustre :  it  is  extremely  soft  and 
tough,  and  has  a  specific  gravity  of  7*8.  Its  crystalline  form  is  probably 
the  cube,  to  judge  from  appearances  now  and  then  exhibited.  In  good  bar- 
iron  or  wire,  a  distinct  fibrous  texture  may  always  be  observed  when  the 
metal  has  been  attacked  by  rusting  or  by  the  application  of  an  acid,  and 
upon  the  perfection  of  this  fibre  much  of  its  strength  and  value  dependa 
Iron  is  the  most  tenacious  of  all  the  metals,  a  wire  ^^  of  an  inch  in  diame- 
ter bearing  a  weight  of  00  lbs.  It  is  very  difficult  of  fusion,  and  before 
becoming  liquid  passes  through  a  soft  or  pasty  condition.  Pieces  of  iroo 
pressed  or  hammered  together  in  this  state  cohere  into  a  single  mass:  the 
operation  is  termed  tcelding^  and  is  usually  performed  by  sprinkling  a  Utile 
sand  over  the  heated  metal,  which  combines  with  the  superficial  film  of 
oxide,  forming  a  fusible  silicate,  which  is  subsequently  forced  out  from 
between  the  pieces  of  iron  by  the  pressure  applied  :  clean  surfaces  of  metal 
are  thus  presented  to  each  other,  and  union  taken  place  without  difficulty 

Iron  does  not  oxidize  in  dry  air  at  common  temperntures:  heated  to  red* 
ness,  it  becomes  covered  with  a  scaly  coaling  of  blnck  oxide,  and  at  a  high 
white  heat  burns  brilliantly,  producing  the  same  substance.  In  oxygen  gas 
the  combustion  occurs  with  still  greater  ease.  The  finely  divided  spongy 
metal  prepared  by  reducing  the  red  oxide  with  hydrogen  gas  takes  fire 
spontaneously  in  the  air.  Pure  water,  free  from  air  and  csrbonic  acid,  does 
not  tarnish  a  surface  of  polished  iron,  but  the  combined  agency  of  free 
oxygen  and  moisture  speedily  leads  to  the  production  of  rust,  which  is  a 
hydrate  of  the  sesquioxide.  The  rusting  of  iron  is  wonderfully  promoted 
by  the  presence  of  a  little  acid  vapor.  At  a  red  heat,  iron  decomposes 
water,  evolving  hydrogen,  and  passing  into  the  black  oxide.  Dilute  sul- 
pliuric  and  hydrochloric  acids  dissolve  it  freely,  with  separation  of  hydro- 
gen. Iron  is  strongly  magnetic  up  to  a  red  heat,  when  it  loses  all  traces  of 
that  remarkable  property. 

Iron  is  a  tetrnd,  forming  two  classes  of  compounds;  namely,  the/errow 
compounds,  in  which  it  is  bivalent,  e  g.,  Fe^^Cl.^,  Fe-^'O,  Fe^'SO^,  &c..  and 
the  ferric  compounds,  in  which  it  is  really  quadrivalent,  though  apparently 

Fe^^^Cl. 
trivalent,  eg.,  Fe^^'^Clj  or    I  ;  Fe^^'^O,;  Fe^'^jCSO^),,  &c. 

Fe^^^Clj 

Chlorides.  — The  dichloride^  or  Ferrous  chloride,  FeCl,,  is  formed  by  trans- 
mitting dry  hydrochloric  acid  gas  over  red-hot  metallic  iron,  or  by  dissolv- 
ing iron  in  hydrochloric  acid.  The  latter  solution  yields,  when  duly  con- 
centrated, green  crystals  of  the  hydrated  dichloride  FeClr40H,;  tbey  are 
very  soluble  and  deliquescent,  and  rapidly  oxidize  in  the  air. 
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The  trieklande,  or  Ferric  chloride,  Fe^Clj,  is  asually  prepared  by  diBBolving 
ferric  oxide  in  hydrochloric  acid.  The  solution,  evaporated  to  a  syrupy 
consistence,  deposits  red  hydrated  crystals,  which  are  very  soluble  in  water 
and  alcohol.  It  forms  double  salts  with  potassium  chloride  and  sal-ammo- 
niac. When  eraporated  to  dryness  and  strongly  heated,  much  of  the  chlor- 
ide ia  decomposed,  yielding  sesquioxide  and  hydrochloric  acid :  the  remain- 
der sublimes,  and  afterwards  condenses  in  the  form  of  small  brilliant  red 
crystals,  which  deliquesce  rapidly.  Anhydrous  ferric  chloride  is  also  pro- 
duced by  the  action  of  chlorine  upon  the  heated  metal.  The  solution  of 
ferric  chloride  is  capable  of  dissolving  a  large  excess  of  recently  precipi- 
tated ferric  hydrate,  by  which  it  acquires  a  much  darker  color. 

Iodides.  —  Ferrous  iodide,  Fel,,  is  an  important  medicinal  preparation :  it 
i3 easily  made  by  digesting  iodine  with  water  and  metallic  iron.  The  solution 
is  pale-green,  and  yields,  on  evaporation,  crystais  z'esembling  those  of  the 
ehWide,  which  rapidly  oxidize  on  exposure  to  air.  It  is  best  preserved  in 
solution  in  contact  with  excess  of  iron.  —  Ferric  iodide,  Fe,Tf ,  is  yellowish- 
red  and  soluble. 

lacs  Oxides. — Three  oxides  of  iron  are  known,  namely,  ferrous  oxide, 
FeO,  and  ferric  oxide,  Fe^Oj,  analogous  to  the  chlorides,  and  an  interrai- 
diate  oxide,  usually  called  magnetic  iron  oxide,  containing  Fe^O^,  or  FeO. 
Fe,0,.  A  trioxide,  FeO,,  is  supposed  to  exist  in  a  class  of  salts  called  fer- 
rates, but  it  has  not  been  isolated. 

Monoxide  or  Ferrous  oxide,  FeO.  — This  is  a  very  powerful  base,  neutraliz- 
ing acids,  and  isomorphous  with  magnesia,  zinc  oxide,  &c.  It  is  almost 
unknown  in  the  separate  state,  from  its  extreme  proneness  to  absorb  oxy- 
gen and  pass  into  the  sesquioxide.  When  a  ferrous  salt  is  mixed  with 
caustic  alkali  or  ammonia,  a  bulky  whitish  precipitate  of  ferrous  hydrate 
falU,  which  becomes  nearly  black  when  boiled,  the  water  being  separated. 
This  hydrate  changes  very  rapidly  when  exposed  to  the  air,  becoming  green 
&n>i  ultimately  red-brown.  The  soluble  ferrous  salts  have  commonly  a 
delicate  pale-green  color  and  a  nauseous  metallic  taste. 

Stnquiozule  or  Ferric  oxide,  FcjO,.  —  A  feeble  base,  isomorphous  with  alu- 
jQina.  It  occurs  native,  most  beautifully  crystallized,  as  specular  iron  ore, 
iQ  tlie  Island  of  Elba,  and  elsewhere ;  also  as  red  and  brown  fuematite,  the 
Utter  being  a  hydrate.  It  is  artificially  prepared  by  precipitating  a  solution 
of  ferric  .sulphate  or  chloride  with  excess  of  ammonia,  and  washing,  dry- 
ing, and  igniting  the  yellowish-brown  hydrate  thus  produced ;  fixed  alkali 
must  not  be  used  in  this  operation,  as  a  portion  is  retained  by  the  oxide. 
In  line  powder,  this  oxide  has  a  full  red  color,  and  is  used  as  a  pigment, 
being  prepared  for  the  purpose  by  calcination  of  ferrous  sulphate;  the  tint 
▼ariea  somewhat  with  the  temperature  to  which  it  has  been  exposed.  The 
oxide  is  unaltered  in  the  fire,  although  easily  reduced  at  a  high  temperature 
by  carbon  or  hydrogen.  It  dissolves  in  acids,  with  difficulty  after  strong 
igQ'iion,  forming  a  series  of  reddish  salts,  which  have  an  acid  reaction  and 
»a  astringent  taste.     Ferric  oxide  is  not  acted  upon  by  the  magnet. 

'^fifrrro'teiroxide,  FerroMo/erric  oxide,  Fefi^  r=  FeO-Fc^O,,  also  called  black 
iron  oxide,  magnetic  oxide,  and  loadstone.  —  A  natural  product,  one  of  tlio 
•0031  valuable  of  the  iron  ores,  often  found  in  regular  octohedral  crystals, 
winch  are  magnetic.  It  may  be  prepared  by  mixing  due  proportions  of 
ferrous  and  ferric  salts,  precipitating  them  with  excess  of  alkali,  and  then 
boiling  the  mixed  hydrates ;  the  latter  then  unite  to  a  black  sandy  sub- 
stance,  consisting  of  minute  crystals  of  the  magnetic  oxide.  This  oxide  is 
f*'e  chief  product  of  the  oxidation  of  iron  at  a  high  temperature  in  the  air 
^d  in  aqueous  vapor.    It  is  incapable  of  forming  definite  salts. 

^USATIS.  — When  a  mixture  of  one  part  of  pure  ferric  oxide  and  four 
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parts  of  dry  nitre  is  heated  ta  full  redness  for  an  hour  in  a  corered  eniei- 
ble,  and  the  resulting  brown^  porous,  deliquescent  mass  is  treated  when 
oold  with  ice-cold  water,  a  deep  amethystine-red  solution  of  potassium  fer- 
rate is  obtained.  The  same  salt  may  be  more  easily  prepared  by  passing 
chlorine  gas  through  a  strong  solution  of  potash  in  which  recently  precipi- 
tated ferric  hydrate  is  suspended ;  it  is  then  deposited  as  a  black  powder, 
which  may  be  drained  upon  a  tile.  It  consists  of  Fe04K,  or  FeO^OK^ 
The  solution  of  the  salt  gradually  decomposes,  ereu  in  the  cold,  and  rapidly 
when  heated,  giving  off  oxygen  and  depositing  sesquiozide.  The  isolation 
of  potassium  ferrate  gives  no  precipitate  with  salts  of  calcium,  magneaiam, 
or  strontium,  but  when  mixed  with  a  barium  salt,  it  yields  a  deep  crimson, 
insoluble,  barium  ferrate,  FeO^Ba,  or  FeOj.BaO,  which  is  very  permanent. 
Neither  the  hydrogen  salt  nor  ferric  acid,  Fe04H2,  nor  the  corresponding 
anhydrous  oxide,  FeO,,  is  known  in  the  separate  state. 

Febboub  Sulphate,  SO^Fe^^TOH^  SO3.FeO.7OHy  — This  beautiful  and 
important  salt,  commonly  called  green  vitriol^  iron  vitriol,  or  copperas,  may  be 
obtained  by  dissolving  iron  in  dilute  sulphuric  acid :  it  is  generally  prepared, 
however,  and  on  a  very  large  scale,  by  contact  of  air  and  moisture 
with  common  iron  pyrites,  which,  by  absorption  of  oxygen,  readily  fui^ 
nishes  the  substance  in  question.  Heaps  of  this  material  are  exposed  to 
the  air  until  the  decomposition  is  sufficiently  advanced :  the  salt  produced 
is  then  dissolved  out  by  water,  and  the  solution  made  to  crystallize.  It 
forms  large  green  crystals,  of  the  composition  above  stated,  which  slowly 
effloresce  and  oxidize  in  the  air:  it  is  soluble  in  about  twice  its  weight  of 
cold  water.  Crystals  containing  4  and  also  2  molecules  of  water  have  been 
obtained.  Ferrous  sulphate  forms  double  salts  with  the  sulphates  of  poras- 
sium  and  ammonium,  containing  (S04)jFe^''K,.60H^  and  (S04)gFe^'(NH4), 
60H,,  isomorphous  with  the  corresponding  magnesium  salts. 

FsRmo  Sulphate,  {SO^)^Fe^^^^  or  SSOg.FejOj,  is  prepared  by  adding  to 
a  solution  of  the  ferrous  salt  exactly  one  half  as  much  sulphuric  acid  as  it 
already  contains,  raising  the  liquid  to  the  boiling-point,  and  then  dropping 
in  nitric  acid  until  the  solution  ceases  to  blacken  by  such  addition.  The 
red  liquid  thus  obtained  furnishes,  on  evaporation  to  dryness,  a  buff-colored 
amorphous  mass,  which  dissolves  very  slowly  when  put  into  water.  M'ith 
the  sulphates  of  potassium  and  ammonium,  this  salt  j-ields  compounds  hav- 
ing the  form  and  constitution  of  alums ;  the  potassium  salt,  for  example, 
has  the  composition  (S04)2Fe^^^K.120H2.  The  crystals  are  nearly  destitute 
of  color ;  they  are  decomposed  by  water,  and  sometimes  by  long  keeping 
in  the  dry  state.  These  salts  are  best  prepared  by  exposing  to  spontaneous 
evaporation  a  solution  of  ferric  sulphate  to  which  potassium  or  ammonium 
sulphate  has  been  added. 

Fereous  Nitrate  (N03),Fe'^  —  When  dilute  cold  nitric  acid  is  made  to 
act  to  saturation  upon  iron  monosulphide,  and  the  solution  is  evaporated 
in  a  vacuum,  pale-green  and  very  soluble  crystals  of  ferrous  nitrate  are 
obtained,  which  are  very  subject  to  alteration.  Ferric  nitrate  is  readily 
formed  by  pouring  nitric  acid,  slightly  diluted,  upon  iron :  it  is  a  deep-red 
liquid,  apt  to  deposit  an  insoluble  basic  salt,  and  is  used  in  dyeing. 

Ferrous  Carbonate,  COj.Fe^'  or  C0,.Fe''0. — The  whitish  precipiute 
obtained  by  mixing. solutions  of  ferrous  salt  and  alkaline  carbonate:  it 
cannot  be  washed  and  dried  without  losing  carbonic  acid  and  absorbing 
oxygen.  This  substance  occurs  in  nature  as  tpathose  iron  ore,  or  iron  /par, 
associated  with  variable  quantities  of  calcium  and  mngnesium  carbonates; 
also  in  the  common  clai/  iron-stone,  from  which  nearly  all  the  British  iron 
is  made.     It  -is  often  found  in  mineral  w&tera,  being  soluble  in  excess  of 
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carbonic  &cid  :   such  waters  are  known  by  the  rusty  matter  they  deposit  on 
exposure  to  the  air.     No  ferric  carbonate  is  known. 
The  pho^pkatt*  of  iron  are  all  insoluble. 

Iron  Sri. p hides.  —  SeTeral  compounds  of  iron  and  sulphur  are  described : 
of  these   the   two  most  important  are  the  following.     The  monotulphide^  or 
f€rrou9  tulphidey  FeS,  is  a  blackish  brittle  substance,  attracted  by  the  mag- 
net, formed  by  heating  together  iron  and  sulphur.    It  is  dissolved  by  dilute 
acids,  with  evolution  of  sulphuretted  hydrogen  gas,  and  is  constantly  em- 
ployed for  that  purpose  in  the  laboratory,  being  made  by  projecting  into  a 
red-hot  crucible  a  mixture  of  '2^  parts  of  sulphur  and  4  parts  of  iron  fil- 
ings or  borings  of  cast-iron,  and  excluding  the  air  as  much  as  possible. 
The  same  8ub:jtance  is  formed  when  a  bar  of  white-hot  iron  is  brought  in 
contact  with  sulphur.     The  bisulphide^  FeS,,  or  iron  pyrites,  is  a  natural 
product,  occurring  in  rocks  of  all  ages,  and  evidently  formed  in  many  cases 
by  the  gradual  deoxidation  of  ferrous  sulphate  by  organic  matter.     It  has 
a  brass-yellow  color,  is  very  hard,  not  attracted  by  the  magnet,  and  not 
acted  upon   by  dilute  acids.     When  it  is  exposed  to  heat,  sulphur  is  ex- 
pelled, mud  an  intermediate  sulphide,  FeyS^,  analogous  to  the  black  oxide, 
is  produced.    This  substance  also  occurs  native,  under  the  name  of  magnetic 
pjfritet.     Iron  pyrites  is  the  material  now  chiefly  employed  for  the  manu- 
facture of  sulphuric  acid ;  for  this  purpose  the  mineral  is  roasted  in  a  cur- 
rent of  air,  and  the  sulphurous  acid  formed  is  passed  into  the  lead  cham- 
bers ;  the  residue  consists  of  iron  oxide,  frequently  containing  a  quantity 
of  coppo.r  large  enough  to  render  the  extraction  of  that  metal  remunerative. 
Coiupouuda  of  iron  with  phosphortu,  earbotif  and  silicium  exist,  but  little 
is  known  respecting  them  in  a  definite  state.     The  carbonide  is  contained 
in  cast-iron  and  in  steel,  to  which  it  communicates  ready  fusibility ;  the 
silicium  compound  is  also  found  in  cast-iron.     Phosphorus   is  a  very  hurt- 
ful substance  in  bar  iron,  as  it  renders  it  brittle  or  cold-short. 


Rkactioxs  of  Iron  Salts.  —  Ferrous  salts  are  thus  distinguished: 

Caustic  alkalies,  and  ammonia,  give  nearly  white  precipitates,  insoluble  in 
excess  of  the  reagent,  rapidly  becoming  green,  and  ultimately  brown,  by 
exposure  to  air.  The  carbonates  of  potassiumy  sodium,  and  ammonium  throw 
down  whitish  ferrous  cnrbonate,  also  very  subject  to  change.  Hydrogen 
sulphide  gives  no  precipitate,  but  ammonium  sulphide  throws  down  black  fer- 
rous sulphide,  soluble  in  dilute  acids.  Po/(M«iMm/<^roc^aniV/«  gives  a  nearly 
white  precipitate,  becoming  deep-blue  on  exposure  to  air. 

Fcrne  salts  are  thus  characterized : 

Caustic  fixed  alkalies  and  ammonia,  give  foxy-red  precipitates  of  ferric 
hydrate,  insoluble  in  excess. 

The  carbonates  behave  in  a  similar  manner,  the  carbonic  acid  escaping. 

Uydrogen  sulphide  gives  a  nearly  white  precipitate  of  sulphur,  and  re- 
duces the  sesquioxide  to  monoxide.  Ammonium  sulphide  gives  a  black  pre- 
cipitate, slightly  soluble  in  excess.  Potassium  ferroeyanide  yields  Prussian 
blue.  Tincture  or  infusion  of  gall-nuts  strikes  intense  bluish-black  with 
the  most  dilute  solutions  of  ferric  sails. 


Iron  M annfaotnre.  —  This  most  important  branch  of  industry  consists,  as 
now  conducted,  of  two  distinct  parts —  viz.,  the  production  from  the  ore  of 
ft  tusible  carbonide  of  iron,  and  the  subsequent  decomposition  of  the  car- 
bonide, and  its  conversion  into  pure  or  malleable  iron. 

Tiie  clay -iron  ore  is  found  in  association  with  coal,  forming  thin  beds  or 
nodules:  it  consists,  as  already  mentioned,  of  ferrous  carbonate  mixed  with 
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eUy;  Bometimea  lime  sad  magneBia  &re  alBO  present.  Il  ib  broken  id 
pieces,  mill  exposed  to  heat  in  n  furnace  reBembling  a  lime-ktlii,  bj  which 
tliB  water  and  carbonic  acid  are  expelled,  and  the  ore  rendered  dark- 
colored,  denser,  and  also  magnetic;  it  it  Ihen  read;  for  reduction.  Th* 
furnace  in  which  this  operation  is  performed  is  usually  of  vrry  large  di- 
mensions. 6U  feet  or  more  in  height,  and  constmcted  of  brickwork  wiih 
great  solidil;,  the  interior  being  lined  with  eicellent  fire-bricks  :  the  shipt 
will  be  undersiood  from  the  section  shown  in  fig.  173.     The  fumace  is  cluH 

Fig.  lis. 


at  the  holtom,  the  fire  being  maintained  by  n  powerful  artificial  blael  in- 
(roduced  by  two  or  tree  iKi/tre-pipei,  as  shown  in  the  seclion.  The  nuK- 
risls.  consisting  of  due  proportions  of  coke  or  carbonized  coal,  roasted  ere, 
and  limestone,  ore  constanilj  supplied  from  Ihe  top.  the  operation  proceed- 
ing conlinuouHly  nighl  and  day.  often  for  years,  or  until  the  furnace  it 
judged  to  require  repair.  In  Iho  upper  part  of  the  furnace,  where  ite 
temperature  ia  slill  very  high,  and  whore  conibuslible  gases  abound,  iht 
iron  of  the  ore  is  probably  reduced  lo  the  metallic  slate,  being  dissemin»tpJ 
through  Ihe  earthy  mnlter  of  the  ore.  As  the  whole  sinks  down  end  aiuim 
a  still  higher  degree  of  heal,  Ihe  iron  becomes  converted  into  carbonide  *J 
cfinen(alion,  while  the  silica  and  alumina  unite  with  the  lime,  purpoaely 
added,  lo  a  kind  of  glass  or  f!ag,  nearly  free  from  iron  oxide.  The  csrbon- 
iile  and  slag,  boib  in  a  melted  stale,  reach  at  last  the  bottom  of  the  furoice. 
where  they  arrange  Ihemselses  in  Ihe  order  of  their  densities:  the  slig 
flows  out  at  certain  apertures  contrived  for  the  purpose,  and  Ihe  iron  ii 
discharged  from  time  to  time,  and  Buffered  to  run  into  rude  moulds  of  <»nd 
by  opening  an  orifice  at  the  bottom  of  Ihe  recipient,  prtTioualy  stopped 
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with  clay.  Such  is  the  origin  of  crude  or  cast-iron,  of  which  there  are 
seTera.!  Yarieties,  distinguished  by  differences  of  color,  hardness,  ond  com- 
position, and  known  by  the  names  of  gray^  blacky  and  white  iron.  The  first 
is  for  most  purposes  the  best,  as  it  admits  of  being  filed  and  cut  with 
perfect  ease.  The  black  and  gray  kinds  probably  contain  a  mechanical 
admixture  of  graphite,  which  separates  during  solidification. 

A  great  improvement  has  been  made  in  the  aboye-d escribed  process,  by 
substituting  raw  coal  for  coke,  and  blowing  hot  air  instead  of  cold  into  the 
furnace.  This  is  effected  by  causing  the  air,  on  leaving  the  blowing-machine, 
to  circulate  through  a  system  of  red-hot  iron  pipes,  until  its  temperature 
becomes  high  enough  to  melt  lead.  This  alteration  has  already  effected 
a  prodigious  saving  in  fuel,  without^  it  appears,  any  injury  to  the  quality 
of  the  product. 

The  conversion  of  ca!«t  into  bar  iron  is  effected  chiefly  by  an  operation 
^9\\td  puddling ;  previous  to  which,  however,  it  commonly  undergoes  a  pro- 
cess called  refining.  It  is  remelted,  in  contact  with  the  fuel,  in  small  low 
furnaces  called  refineriM^  while  air  is  blown  over  its  surface  by  means  of 
twyeres.  The  effect  of  this  operation  is  to  deprive  the  iron  of  a  great  part 
of  the  carbon  and  silicium  associated  with  it.  The  metal  thus  purified  is 
run  out  into  a  trench,  and  suddenly  cooled,  by  which  it  becomes  white, 
crystalline,  and  exceedingly  hard  :  in  this  state  it  is  called  ^ne  metal.  The 
puddling  process  is  conducted  in  an  ordinary  reverberatory  furnace,  into 
which  the  charge  of  fine  metal  is  introduced  by  a  side  aperture.  This  is 
speedily  melted  by  the  flame,  and  its  surface  covered  with  a  crust  or  oxide. 
The  workman  then,  by  the  aid  of  an  iron  tool,  diligently  stirs  the  melted 
mass,  so  as  intimately  to  mix  the  oxide  with  the  metal:  he  now  and  then 
aliso  throws  in  a  little  water,  with  the  view  of  promoting  more  rapid  oxida- 
tion. Small  jets  of  blue  flame  soon  appear  upon  the  surface  of  the  iron, 
and  the  latter,  after  a  time,  begins  to  lose  its  fluidity,  and  acquires,  in 
succession,  a  pasty  and  a  granular  condition.  At  this  point  the  fire  is 
strongly  urged,  the  sandy  particles  once  more  cohere,  and  the  contents  of 
tlie  lui^ace  now  admit  of  being  formed  into  several  large  balls  or  masses, 
which  are  then  withdrawn,  and  placed  under  an  immense  hammer,  moved 
by  machinery,  by  which  each  becomes  quickly  fashioned  into  a  rude  bar. 
This  is  reheated,  and  passed  between  grooved  cast-iron  rollers,  and  drawn 
out  into  a  long  bar  or  rod.  To  make  the  best  iron,  the  bar  is  cut  into  a 
number  of  pieces,  which  are  afterwards  piled  or  bound  together,  again  raised 
to  a  welding  heat,  and  hammered  or  rolled  into  a  single  bar ;  and  this  pro- 
cess of  piling  or  fagoting  is  sometimes  twice  or  thrice  repeated,  the  iron 
becoming  greatly  improved  thereby. 

The  general  nature  of  the  change  in  the  puddling  furnace  is  not  difficult 
to  explain.  Cast  iron  consists  essentially  of  iron  in  combination  with  car- 
bon and  silicium.  When  strongly  heated  with  iron  oxide,  those  compounds 
undergo  decomposition,  the  carbon  and  silicium  becoming  oxidized  at  the 
expense  of  the  oxygen  of  the  oxide.  As  this  change  takes  place,  the  metal 
gradually  loses  its  fusibility,  but  retains  a  certain  degree  of  adhesiveness, 
so  that  when  at  last  it  comes  under  the  tilt-hammer,  or  between  the  rollers, 
the  particles  of  iron  become  airglutinated  into  a  solid  mass,  while  the 
readily  fusible  silicate  of  the  oxide  is  squeezed  out  and  separated. 

All  these  processes  are,  in  Qreat  Britain,  performed  with  coal  or  coke ; 
but  the  iron  obtained  is,  in  many  respects,  inferior  to  that  made  in  Sweden 
and  Russia  from  the  magnetic  oxide,  by  the  use  of  wood  charcoal,  —  a  fuel 
too  dear  to  be  extensively  employed  in  England.  Plate  iron  is,  however, 
sometimes  made  with  charcoal. 

Sled.  —  A  very  remarkable  and  most  useful  substance,  prepared  by 
heating  iron  in  contact  with  charcoal.  Bars  of  Swedish  iron  are  imbedded 
in  charcoal  powder,  contained  in  a  large  rectangular  crucible  or  chesL  of 
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some  substance  capable  of  resisting  the  fire,  and  exposed  for  many  boars 
to  a  full  red  heat.  The  iron  takes  up,  under  these  circumstances,  from 
1*3  to  1*7  per  cent,  of  carbon,  becoming  harder,  and  at  the  tiame  time 
fusible,  with  a  certain  diminution,  however,  of  malleability.  The  actire 
agent  in  this  cementation  process  is  probably  carbonic  monoxide:  the 
oxygen  of  the  air  in  the  crucible  combines  with  the  carbon  to  form  that 
substance,  which  is  afterwards  decomposed  by  the  heated  iron,  one  half  of 
its  carbon  being  abstracted  by  the  latter.  The  carbon  dioxide  thus  formtJ 
takes  up  an  additional  dose  of  carbon  from  the  charcoal,  and  again  becomes 
monoxide,  the  oxygen,  or  rather  the  carbon  dioxide,  acting  as  a  carrier 
between  the  charcoal  and  the  metal.  The  product  of  this  operation  ii 
called  blistered  steel,  from  the  blistered  and  rough  appearance  of  the  bars : 
the  texture  is  afterwards  improved  and  equalized  by  welding  a  number  of 
these  bars  together,  and  drawing  the  whole  out  under  a  light  tilt-hammer. 

Some  chemists  have  recently  asserted  that  nitrogen  is  neceasary  for  the 
production  of  steel,  and  have,  in  fact,  attributed  to  its  presence  the  peculiar 
properties  of  this  material;  others,  again,  have  disputed  this  assertion, 
and  believe  that  the  transformation  of  iron  into  steel  depends  upon  the 
assimilation  of  carbon  only;  experimentally,  the  question  remains  un- 
decided. 

Excellent  steel  is  obtained  by  fusing  gray  cast-iron  with  tungstic  oxide: 
the  carbon  of  the  iron  reduces  the  tungsiio  oxide  to  tungsten  (p.  -424), 
which  forms  with  the  iron  an  alloy  possessing  the  properties  of  steel.  The 
quantity  of  tungsten  thus  absorbed  by  the  iron  is  very  smaU,  and  some 
chemists  attribute  the  properties  of  the  so-called  tungsten  steel  to  the  gen- 
eral treatment  rather  than  to  the  presence  of  tungsten. 

The  most  perfect  kind  of  steel  is  that  which  has  undergone  fusion,  hav- 
ing been  cast  into  ingot-moulds,  and  afterwards  hammered:  of  this  all  fine 
cutting  instruments  are  made.  It  is  difficult  to  forge,  requiring  great  skill 
and  care  on  the  part  of  the  operator. 

Steel  may  aUo  be  made  directly  from  some  particular  varieties  of  cast- 
iron,  as  that  from  spat  hose  iron  ore  containing  a  little  manganese.  The 
metal  is  retained,  in  a  melted  state,  on  the  hearth  of  a  furnace,  while  a 
stream  of  air  plays  upon  it,  and  causes  partial  oxidation :  the  oxide  pro- 
duced reacts,  as  before  stated,  on  the  carbon  of  the  iron,  and  withdraws  a 
portion  of  that  element.  When  a  proper  degree  of  stiffness  or  pastiness 
is  observed  in  the  residual  metal,  it  is  withdrawn,  and  hammered  or  rolled 
into  bars.  The  troo/z,  or  native  steel  of  India,  is  probably  made  in  this 
manner.  Annealed  cast  iron,  sometimes  called  run-steelj  is  now  much  em- 
ployed ns  a  substitute  for  the  more  costly  products  of  the  forge:  the  arti- 
cles, wiion  cast,  are  imbedded  in  powdered  iron  ore,  or  some  earthy  ma- 
terial, and,  after  being  exposed  to  a  moderate  red  heat  for  some  time,  are 
allowed  to  cool  slowly,  by  which  a  very  extraordinay  degree  of  softness  and 
malleability  is  attained.  It  is  very  possible  that  some  little  decarbonixation 
may  lake  place  during  this  process. 

JJesaemer  steel  is  produced  by  forcing  atmospheric  air  into  melted  cast-iron. 
The  carbon  being  oxidized  more  readily  than  the  iron,  it  is  converted  into 
carbon  monoxide,  which  escapes  in  a  sufficiently  heated  state  to  take  fire 
on  coming  in  contact  with  atmospheric  air.  Considerable  heat  is  generated 
by  the  oxidation  of  the  carbon  and  iron,  so  that  the  temperature  is  kept 
above  the  melting  point  of  steel  during  the  whole  of  the  operation.  When 
the  decurburation  has  been  carried  far  enough,  the  current  of  air  is  stopped, 
and  a  small  quantity  of  white  pig-iron,  containing  a  large  amonnt  of  man- 
ganese, is  dropped  into  the  liquid  nieial  This  serves  to  facilitate  the  sep- 
aration of  any  gas  retained  with  the  melted  metal,  which,  after  a  few 
minutes'  rest,  is  run  into  ingot-moulds. 

The  most  remarkable  property  of  steel  is  that  of  becoming  exceedingly 
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hard  when  quickly  cooled.  When  heated  to  redness,  and  suddenly 
<|uenehed  in  cold  water,  steel,  in  fact,  becomes  capable  of  scratching  glass 
with  facility:  if  reheated  to  redness,  and  once  mure  left  to  cool  slowly,  it 
a^Ata  becomes  nearly  as  soft  as  ordinary  iron;  and  between  these  two  con- 
ditions, any  required  degree  of  hardness  may  be  attained.  The  articles, 
forged  into  shape,  are  first  hardened  in  the  manner  described ;  they  are 
then  temperedy  or  let  down  by  exposure  to  a  proper  degree  of  annealing  heat, 
which  is  often  judged  of  by  the  color  of  the  thin  film  of  oxide  which  ap- 
pears on  the  polished  surface.  Thus,  a  temperature  of  about  221®  C. 
yAW  F.),  indicated  by  a  faint  straw  color,  gives  the  proper  temper  for 
raiors:  that  for  scissors,  penknives,  &c.,  is  comprised  between  243®  C. 
(470°  F.)  and  264®  C.  (490®  P.),  and  is  indicated  by  a  full-yellow  or  brown 
tiDl  Swords  and  watch-springs  require  to  be  softer  and  more  clastic,  and 
must  be  heated  to  288®  C,  (650®  F.)  or  298®  C.  (500®  F.),  or  until  the  surface 
becomes  deep  blue.  Attention  to  these  colors  has  now  become  of  less  im- 
portance, as  metal  baths  are  often  substituted  for  the  open  fire  in  this 
operation. 
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Atomic  weight,  58*8.    Symbol,  Ni. 

Nickel  is  found  in  tolerable  abundance  in  some  of  the  metal-bearing 
veins  of  the  Saxon  mountains,  in  Westphalia,  Hessia,  Hungary,  and  Sweden, 
chiefly  as  arsenide,  the  kupfemickel  of  mineralogists,  so  called  from  its 
rellowish-red  color.  The  word  nickel  is  a  term  of  detraction,  having  been 
applied  by  the  old  German  miners  to  what  was  looked  upon  as  a  kind  of 
faUe  copper  ore. 

The  artificial,  or  perhaps  rather  merely  fused,  product,  called  BpeiaSy  is 
nearly  the  same  sulntance,  and  may  be  employed  as  a  source  of  the  nickel- 
salts.    This  metal  is  found  in  meteoric  iron,  as  already  mentioned. 

Nickel  is  easily  prepared  by  exposing  the  oxalate  to  a  high  white  heat, 
in  ft  crucible  lined  with  charcoal,  or  by  reducing  one  of  the  oxides  by 
means  of  hydrogen  at  a  high  temperature.  It  is  a  white,  malleable  metal, 
haTing  a  density  of  8*8,  a  high  melting-point,  and  a  less  degree  of  oxida- 
bilitj  than  iron,  since  it  is  but  little  attacked  by  dilute  acids.  Nickel  is 
strongly  magneiic,  but  loses  this  property  when  heated  to  350®. 

Nickel,  from  its  resemblance  to  iron  and  cobalt,  is  regarded  as  a  tetrad, 
although  it  forms  ordy  one  chloride,  in  which  it  is  bivalent,  and  no  oxygen- 
salts  analogous  to  the  ferric  salts. 

NicKKL  Chloride,  Ni^'Cl^. — This  compound  is  easily  prepared  by  dis- 
solring  oxide  or  carbonate  of  nickel  in  hydrochloric  acid.  A  green  solu- 
tion is  obtained  which  furnishes  crystals  of  the  same  color,  containing 
water.  When  rendered  anhydrous  by  heat,  the  chloride  is  yellow,  unless 
ii  contains  cobalt,  in  which  case  it  has  a  tint  of  green. 

Nickel  Oxidbs. — Nickel  forms  two  oxides  analogous  to  the  two  principal 
oxides  of  iron. 

The  monoxwfc,  Ni^^O^  is  prepared  by  heating  the  nitrate  to  redness,  or  by 
precipitating  a  soluble  nickel  salt  with  cAu.stic  potash,  and  washing,  drying, 
and  igniting  the  apple-green  hydrated  oxide  thrown  down.  It  is  an  asliy- 
graj  powder,  freely  soluble  in  acids,  which  it  completely  neutralizes,  form- 
ing salts  isomorphous  with  those  of  magnesium  and  the  other  members  of 
the  same  group.  Nickel  salts,  when  hydrated,  have  usually  a  beautiful 
emerald-green  color ;  in  the  anhydrous  state  they  are  yellow. 
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a  dark -brown  color,  but  easily  decomposes,  giving  off  chlorine  and  leaving 
the  rose-colored  diohloride. 

Oxides. — Cobalt  forms  two  oxides  analogous  to  those  of  nickel,  ako  tvo 
or  three  of  intermediate  composition  but  not  very  well  defined  The  mtK- 
oxide,  or  Cobaltotu  oxide,  Co^^O,  is  a  gray  powder,  very  soluble  in  acids,  aoJ 
is  a  strong  base,  isomorphous  with  magnesia,  affording  salts  of  a  fine  reii 
tint.  It  is  prepared  by  precipitating  cobaltous  sulphate  or  chloride  with 
sodium  carbonate,  and  washing,  drying,  und  igniting  the  precipitate.  When 
the  cobalt-solution  is  mixed  with  caustic  potash,  a  beautiful  blue  precipitate 
falls,  which,  when  heated,  becomes  violet,  and  at  length  dirty  red,  from  ab- 
sorption of  oxygen  and  a  change  in  the  state  of  hydration. 

The  ae^quioxide,  or  Cobaltic  oxide,  Co fi^  is  a  black,  insoluble,  neutral 
powder,  obtained  by  mixing  solutions  of  cobalt  and  chloride  of  lime,  it 
dissolves  in  acids,  yielding  the  cobaltic  salts. 

Cobaltoto-cobaltie  oxide,  C03O4,  analogous  to  the  magnetic  oxide  of  iron,  is 
formed  when  cobaltous  nitrate  or  oxalate,  or  hydrated  cobaUic  oxide,  i» 
heated  in  contact  with  the  air.     According  to  Fr^my,  it  is  a  salifiable  base. 

Another  oxide,  of  acid  character,  is  said  to  be  obtained  in  the  form  of  a 
potassium  salt  by  fusing  the  monoxide  or  sesquioxide  with  potassium  hy- 
drate. A  crystalline  salt  is  thus  formed  consisting,  according  to  Schwanen- 
berg,  of  3Co,Oj.K,0.  8Aq. 

Cobaltous  Sulphate,  S04Co''.70H2. — This  salt  forms  red  crystals,  re- 
quiring for  solution  24  parts  of  cold  water:  they  are  identical  in  form  with 
those  of  magnesium  sulphate.  It  combines  with  the  sulphates  of  pot assitim 
and  ammonium,  forming  double  salts,  which  contain,  as  usual,  6  molecules 
of  water. 

A  solution  of  oxalic  acid  added  to  cobaltous  sulphate  occasions,  alter  some 
time,  the  separation  of  nearly  the  whole  of  the  base  in  the  state  -of  oxalate. 

Cobaltous  Carbonate. — The  alkaline  carbonates  produce  in  solutions 
of  cobalt  a  pale  peach-blossom- colored  precipitate  of  combined  carbonate 
and  hydrate,  containing  8  CoHgO,  2CO3C0. 

Ammoniacal  Cobalt  Compounds. — ^Cobaltous  salts  treated  with  ammonia 
in  a  vessel  protected  from  the  air,  unites  with  the  ammonia,  forming  com- 
pounds which  may  be  called  ammonio-cobaltous  talta.  Most  of  them  contain 
6  molecules  of  ammonia  to  1  molecule  of  the  cobalt  salt ;  thus  the  chloride 
contains  C0CI2.6NH3.  Aq. ;  the  nitrate,  Co(NOs)g.6NH3.  2  Aq.  They  ore 
generally  crystallizable  and  of  a  rose-color,  soluble  without  decomposition 
in  ammonia,  but  decomposed  by  water,  with  formation  of  a  basic  salt.  li. 
Rose,  by  treating  dry  cobalt  chloride  with  ammonia-gas,  obtained  the  com- 
pound C0CI2.4NH3;  nnd  in  like  manner  an  ammonio-sulphate  has  been 
formed  containing  SO4C0.6NH3. 

When  an  ammoniacal  solution  of  cobalt  is  exposed  to  the  air,  oxygen  is 
absorbed,  the  liquid  turns  brown,  and  new  salts  are  formed  containing  a 
higher  oxide  of  cobalt  (either  Co^Oj  or  CoO,),  and  therefore  designnted 
generally  as  peroxidized  ammonio-cobalt  salts.  Several  of  them,  containing 
different  bases,  are  often  formed  at  the  same  time. 

Most  of  the  peroxidized  ammonio-cobalt  salts  are  composed  of  cobaltic 
salts  united  with  two  or  more  molecules  of  ammonia.  The  composition  of 
the  normal  salts  may  be  illustrated  by  the  chlorides,  as  in  the  following 
table :  — 

Tetrammonio-cobaltic  chloride       ,         .     CojCl^ .     4NFT, 
Hexammonio-cobaltic  chloride   .         .        CojCl^  .     6NH, 
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Oetammonio-oobaUic  (or  fusco-cobaltic) 

chloride Co.jC1f .     SNII^ 

Decammonio-cobaltic  (roseo-  and  pur- 
pureo-cobaltic)  chloride      .         .         .     Co^Clj .  lONHg 

Budecammonio-cobaltic  (or  luteo-cobal- 
tic)  chloride Co,Cl,  .  12NHj. 

The  formulse  of  the  corresponding  normal  nitrates  are  deduced  from  the 
preceding  by  substituting  NOy  for  CI ;  those  of  the  sulphates,  oxalates,  and 
oiber  bibasic  salts,  hy  substituting  SO4.  C^O^,  &c.,  for  CI,.  Thus  deeammonio' 
coh^ic  sulphate  =  00,(804)3.  ION  U,.  There  are  also  several  acid  and  basic 
Bats  of  the  same  ammonia-molecules.  Further,  there  is  a  class  of  salts  cou- 
taining  the  elements  of  nitrogen  dioxide  or  nitrosyl,  NO,  in  addition  to  nni- 
monia,  e.  g.^  deeammonio-nilroao-obaltie  or  xantho-coballic  oxychloride^  Co^Cl^O. 
lONHj-NjO,.  Lastly,  Fr^my  has  obtained  aromoniacal  compounds  {ozi/- 
cohaUic  mUm)  containing  salts  of  cobalt  corresponding  to  the  dioxide.* 


Cobaltotu  salts  have  the  following  characters : 

Solution  of  potash  gives  a  blue  precipitate,  changing  by  heat  to  violet  and 
red.  Ammonia  gives  a  blue  precipitate,  soluble  with  difficulty  in  excess, 
with  brownish-red  color.  Sodium  carbonate  affords  a  pink  precipitate.  Am- 
monium carbonate  a  similar  compound,  soluble  in  excess.  Potassium  ferro- 
cyanide  gives  a  grayish-green  precipitate.  Potassium  cyanide  aff^ords  a  yel- 
lowish-brown precipitate,  which  dissolves  in  an  excess  of  the  precipitant. 
The  clear  solutions,  after  boiling,  may  be  mixed  with  hydrochloric  acid 
without  giving  a  precipitate.  Hydrogen  sulphide  produces  no  change,  if  the 
cobftlt  be  in  combination  with  a  strong  acid.  Ammonium  sulphide  throws 
down  black  sulphide  of  cobalt,  insoluble  in  dilute  hydrochloric  acid. 

Cobaliie  salts^  formed  by  dissolving  cobaltic  oxide  in  acids,  give  with 
potash  a  dark-brown  precipitate  of  hydrated  cobaltic  oxide ;  with  ammonia 
a  brownish-red  solution ;  with  the  fixed  alkaline  carbonates  a  green  solution, 
which  deposits  a  small  quautity  of  cobaltic  oxide;  with  ammonium  sulphide 
(after  saturation  of  the  free  acid  by  ammonia)  a  black  precipitate. 


Oxide  of  cobalt  is  remarkable  for  the  magnificent  blue  color  it  communi- 
cates to  glass :  indeed,  this  is  a  character  by  which  its  presence  may  be  most 
euily  detected,  a  very  small  portion  of  the  substance  to  be  examined  being 
fused  with  borax  on  a  loop  of  platinum  wire  before  the  blowpipe ;  the  pro- 
duction of  this  color  both  in  the  inner  and  in  the  outer  flame  distinguishes 
cobalt  from  all  other  metals. 

The  substance  called  smalt,  used  as  a  pigment,  consists  of  glass  colored 
by  cobalt:  it  is  thus  made : — The  cobalt  ore  is  roasted  until  nearly  freo 
from  arsenic,  and  then  fused  with  a  mixture  of  potassium  carbonate  and 
quartz-sand,  free  from  oxide  of  iron.  Any  nickel  that  may  happen  to 
be  contained  in  the  ore  then  subsides  to  the  bottom  of  the  crucible  as  arsen- 
ide: this  is  the  speiss  of  which  mention  has  already  been  made.  The  glass, 
vben  complete,  is  removed  and  poured  into  cold  water:  it  is  afterwards 
ground  to  powder  and  elutriated.  Cobalt-ultramarine  is  a  fine  blue  color 
prepared  by  mixing  IG  parts  of  freshly-precipitated  alumina  with  2  parts  of 
cobalt  phosphate  or  arsenate :  this  mixture  is  dried  and  slowly  heated  to  red- 
ness. By  daylight  the  color  is  pure  blue,  but  by  artificial  light  it  is  violet. 
A  similar  compound,  of  a  fine  green  color,  is  formed  by  igniting  zinc  oxide 
vith  cobalt-salts.    Zaffer  is  the  roasted  cobalt  ore  mixed  with  siliceous  sand, 

*  For  the  prcpRration  and  properties  of  all  these  salts,  see  Watts's  Dictionary  or  Chemistry, 
vol.  i.  p.  1061.    Their  rational  foruiulu  are  similar  to  those  of  ihu  ammouiacal  platiunm  suits 

(p.  375). 
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and  reduced  to  fine  powder;  it  is  used  in  enamel  painting.     A  mixiare  in 


due  proportions  of  the  oxides  of  cobalt,  manganese,  and  iron  is  used  for 
giving  a  fine  black  color  to  glass. 


XAHOAHSSE. 

Atomic  weight,  55.     Symbol,  Mn. 

Manganese  is  tolerably  abundant  in  nature  in  an  oxidized  state,  forming, 
or  entering  into  the  composition  of,  several  interesting  minerals.  Traces 
of  this  substance  are  very  frequently  found  in  the  ashes  of  plants. 

Metallic  manganese,  or  perhaps,  strictly,  manganese  carbonide,  may  be 
prepared  by  the  following  process:  —  The  carbonate  is  calcined  in  an  open 
vessel,  by  which  it  becomes  converted  into  a  dense  brown  powder :  thh  is 
intimately  mixed  with  a  little  charcoal,  and  about  one-tenth  of  its  weiglt 
of  anhydrous  borax.  A  charcoal  crucible  is  next  prepared  by  filling  & 
Hessian  or  Cornish  crucible  with  moist  charcoal  powder,  introduced  a  little 
at  a  time,  and  rammed  as  hard  as  possible.  A  smooth  cavity  is  then  scooped 
in  the  centre,  into  which  the  above-mentioned  mixture  is  compressed,  aid 
covered  with  charcoal  powder.  The  lid  of  the  crucible  is  then  fixed,  and 
the  whole  arranged  in  a  very  powerful  wind-furnace.  The  heat  is  slowly 
raised  until  the  crucible  becomes  red-hot,  after  which  it  is  urged  to  iis 
maximum  for  an  hour  or  more.  When  cold,  the  crucible  is  broken  up,  and 
the  metallic  button  of  manganese  extrncted. 

Deville  has  lately  prepared  pure  manganese  by  reducing  pure  manganese 
oxide  with  an  insufiicient  quantity  of  sugar  charcoal  in  a  crucible  made  of 
caustic  lime.  Thus  prepared,  metallic  manganese  possesses  a  reddish  lustre 
like  bismuth ;  it  is  very  hard  and  brittle,  and,  when  powdered,  decomposes 
water,  even  at  the  lowest  temperature.  Dilute  sulphuric  acid  dissolves  it 
with  great  energy,  evolving  hydrogen.  Brunner  produced  metallic  man- 
ganese from  manganese  and  sodium  fluoride  by  means  of  sodium.  Tbe 
metal  obtained  by  this  process  scratches  glass  and  hardened  8t«el,  and  bae 
a  specitic  gravity  of  7-13. 

Manganese,  from  its  general  relations  to  the  metals  of  the  iron  group,  is 
usually  regarded  a»  a  tetrad,  forming  a  dichloride  and  trichloride  analogoas 
to  the  iron  chlorides,  together  with  oxides  and  other  compounds  of  corre- 
sponding constitution.  It  is  also  said  to  form  a  heptachloride,  Mn,Cl,4,  or 
MnCl^ 
I        ,  according  to  which  it  should  be  regarded  as  an  octad ;  but  the  com- 

MuCIt 

position  of  this  compound  is  not  very  well  established. 

Manganese  Chlorides.  —  The  dichloride  or  Manganoru  chloride  maybe 
prepared  in  a  state  of  purity  from  the  dark -brown  liquid  residue  of  the 
preparation  of  chlorine  from  manganese  dioxide  and  hydrochloric  acid, 
which  often  accumulates  in  the  laboratory  to  a  considerable  extent  in  the 
course  of  investigation:  from  the  pure  chloride,  the  carbonate  and  all 
other  salts  can  be  conveniently  obtained.  The  liquid  referred  to  consists 
chiefly  of  the  mixed  chlorides  of  manganese  and  iron ;  it  is  filtered,  evapo- 
rated to  perfect  dryness,  and  the  residue  is  slowly  heated  to  dull  ignition  in 
an  earthen  vessel,  with  constant  stirring.  The  iron  chloride  is  thus  either 
volatilized,  or  converted  by  the  remaining  water  into  insoluble  sesquioxide, 
while  the  manganese  salt  is  unafi'ected.  On  treating  the  grayish-looking 
powder  thus  obtained  with  water,  the  manganese  chloride  is  dissolved  out, 
and  may  be  separated  by  filtration  from  the  iron  oxide.  Should  a  trace  of 
the  latter  yet  remain,  it  may  be  got  rid  of  by  boiling  the  liquid  for  a  few 
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minutes  with  a  tittle  manganese  carbonate.  The  solution  of  the  chloride 
haa  usaallj  a  delicate  pink  color,  which  becomes  very  manifest  when  the 
sftit  ia  cTaporated  to  dryness.  A  strong  solution  deposits  rose-colored  ta- 
bular crjstala,  which  contain  4  molecules  of  water ;  they  are  Tery  soluble 
and  deliquescent.  The  chloride  is  fusible  at  a  red-heat,  is  decomposed 
slightly  at  that  temperature  by  contact  with  air,  and  is  dissoWed  by  alco- 
boi,  with  which  it  forms  a  crystaliizable  compound. 

The  triddoride^  or  Manganic  chloride,  Mn„C1f,  is  formed  when  precipitated 
manganese  oxide  is  immersed  in  cold  dilute  hydrochloric  acid,  the  oxide 
then  dissoWing  quietly  without  evolution  of  gas.  Heat  decomposes  the 
trichloride  into  the  monochloride  and  free  chlorine. 

Heptaekloride,  ^jijo\^^{l).  —  When  potassium  permanganate  is  dissoWed 
in  strong  sulphuric  acid,  and  fused  sodium  chloride  is  added  by  small 
portions  at  a  time,  a  greenish-yellow  gas  is  given  off,  which  condenses  at  0** 
to  a  greenish-brown  liquid.  This  compound,  when  exposed  to  moist  air, 
gives  off  fumes  colored  purple  by  permanganic  acid,  and  is  instantly  de- 
composed by  water  into  permanganic  and  hydrochloric  acids.  It  is  regarded 
hj  Dumas,  who  discovered  it,  as  the  heptachloride  of  manganese ;  but  H. 
Rose  regards  it  as  an  oxychloride,  MnCl^O,,  analogous  to  chromic  oxy- 
chloride,  a  view  which  is  corroborated  by  its  mode  of  formation. 

Fluoridet  of  manganete  have  been  formed  analogous  to  each  of  these  chlor- 
ides. 

Maxganbbb  Oxides. — Manganese  forms  four  well-defined  oxides,  con- 
stituted as  follows :  — 

Monoxide,  or  Manganous  oxide         ....  MnO 

Trimangano-tetroxide,  or  Manganoso-manganic  oxide  Mn^O^ 

Sesquioxide,  or  Manganic  oxide   ....  Mn,Og 

Dioxide  or  Peroxide MnO^. 

The  first  is  a  strong  base,  the  third  a  weak  base;  the  second  and  fourth 
%re  neutral ;  the  second  may  be  regarded  as  a  compound  of  the  first  and 
third,  ^InO.Mn^Og.  There  are  also  several  oxides  intermediate  between 
the  monoxide  and  dioxide,  occurring  as  natural  minerals  or  ores  of  manga- 
nese. Manganese  likewise  forms  two  series  of  oxygen  salts,  called  manga- 
latet  and  permanganates,  the  composition  of  which  may  be  illustrated  by 
the  potassium  salts,  viz. : 

Potassium  mangannte  .         .     MnO^K,   =s  MnOg.OK, 

Potassium  permanganate        .  Mn^OgK,  =  Mn^OjOK^. 

The  oxides,  MnO^and  Mn^O^.  corresponding  to  these  salts,  are  not  known. 

Monoxide  or  Manganoiu  oxide,  MnO.  —  When  manganese  carbonate  is  heated 
in  a  stream  of  hydrogen  gas,  or  vapor  of  water,  carbon  dioxide  is  disen- 
gaged, and  a  greenish  powder  left  behind,  which  is  the  monoxide.  Pre- 
pared at  a  dull  red  heat  only,  the  monoxide  is  so  prone  to  absorb  oxygen 
from  the  air,  that  it  cannot  be  removed  from  the  tube  without  change;  but 
^hea  prepared  at  a  higher  temperature,  it  appears  more  stable.  This  oxide 
|s  &  Tery  powerful  base,  being  isomorpbous  with  magnesia  and  zinc  oxide ; 
|t  (iiasoUes  quietly  in  dilute  acids,  neutralizing  them  completely  and  form- 
ing salts,  which  have  often  a  beautiful  pink  color.  When  alkalies  are  added 
^  solotions  of  these  compounds,  the  white  hydrated  oxide  first  precipitated 
spi'eilily  becomes  brown  by  passing  into  a  higher  state  of  oxidation. 

Sfsquioxide  or  Manganic  oxide,  MujOj. — This  compound  occurs  in  nature 
S9  braunite,  and  in  the  state  of  hydrate  as  manganite :  a  very  beautiful 
crjsuUized  variety  is  found  at  Ilefeld,  in  the  Hartz.  It  is  produced 
^(tiftcially,  by  expo^^ing  the  hydrated  monoxide  to  the  air,  and  forms 
tile  principal  part  of  the  residue  left  in  the  iron  retort  when  oxygen  gas  is 
prepared  by  exposing  the  native  dioxide  to  a  moderate  red-heat.     The 
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color  of  the  sesquiozide  is  brown  or  black,  according  to  iU  origin  or  modo 
of  preparation.  It  is  a  feeble  base,  isomorphous  with  alumina:  for,  when 
gently  heated  with  diluted  sulphuric  acid,  it  dissolves  to  a  red  liquid,  which, 
on  the  addition  of  potassium  or  ammonium  sulphate,  deposits  octohedrAl 
crystals  having  a  constitution  similar  to  that  of  common  alum:  these  are, 
however,  docompOBcd  by  water.  Strong  nitric  acid  resolves  this  oxide  into 
a  mixture  of  monoxide  and  dioxide,  the  former  dissolving,  and  the  latter 
remaining  unaltered  ;  while  hot  oil  of  vitriol  destroys  it  l>y  forming  maji- 
ganous  sulphate  and  liberating  oxygen  gas.  On  heating  it  with  fajdro- 
chloric  acid,  chlorine  is  evolved,  as  with  the  dioxide,  but  in  smaller  amount. 

Dioxide,  MnO,.  —  Peroxide  of  manganeMt.  Pyrolutite.  — The  most  eomnton 
ore  of  miinganese;  it  is  found  both  massive  and  crystallized.  It  may  be 
obtained  artificially  in  the  anhydrous  state  by  gently  calcining  the  nitrate, 
or  in  combination  with  water,  by  adding  solution  of  bleach ing-powder  to  a 
salt  of  the  monoxide.  Manganese  dioxide  has  a  black  color,  is  insoluble  in 
water,  and  refuses  to  unite  with  acids.  It  is  decomposed  by  hot  hydro- 
chluric  acid  and  by  oil  of  vitriol  in  the  same  manner  as  the  sesquioxide. 

As  this  substance  is  an  article  of  commerce  of  considerable  importance, 
being  used  in  very  large  quantity  for  making  chlorine,  and  as  it  is  subject 
to  great  alteration  of  value  from  admixture. of  the  sesquioxide  and  several 
impurities,  it  becomes  desirable  to  possess  means  of  assaying  different  sam- 
ples that  may  be  presented,  with  a  view  of  testing  their  fitness  for  the  pur- 
poses of  the  manufacturer.  One  of  the  best  and  most  convenient  methods 
is  the  following:  — 50  grains  of  the  mineral,  reduced  to  very  fine  powdtr, 
arc  put  into  the  little  vessel  employed  in  the  analysis  of  carbonates  (p.  306), 
togetiier  with  about  half  an  ounce  of  cold  water,  and  100  grains  of  strong 
hydrochloric  acid ;  60  grains  of  crystallized  oxalic  acid  are  then  added,  the 
cork  carrying  the  drying  tube  is  fitted,  and  the  whole  quickly  weighed  or 
counterpoised.  The  application  of  a  gentle  heat  suffices  to  determine  the 
action;  the  oxalic  acid  is  oxidized  into  water  and  carbon  dioxide,  wbicb 
escapes  as  gas  while  the  manganese  remains  in  solution  as  manganous 
chloride : 

MnO,    +     C-O.H,    -f    2HC1    =    MnCl,    +     20H,     +     2C0, 

Muiigune»e  Oxalic  MaiignneM  Cmrl«*ii 

dioxido.  acid.  chluride.  dioxide. 

This  equation  shows  that  every  two  molecules  of  carbon  dioxide  evolved 
correspond  to  one  molecule  of  manganese  dioxide  decomposed.  Now  tb« 
molecular  weight  of  this  oxide,  87,  is  so  nearly  equal  to  twice  that  of  car- 
bon dioxide,  44,  that  the  loss  of  weight  suffered  by  the  apparatus  when  the 
reaction  has  become  complete,  and  the  residual  gas  has  been  driven  off  by 
momentary  ebullition,  may  be  taken  to  represent  the  quantity  of  real 
dioxide  in  the  50  grains  of  the  sample.  It  is  obvious  that  the  apparatus  of 
Will  and  Fresenius,  described  at  page  307,  may  also  be  used  with  advantage 
in  this  process. 

Trimango-tetroxidej  or  Red  manganese  oxide ^  "hiiijd^,  or  probably  MnO-Mn^Oj. 
This  oxide  is  also  found  native,  as  hausmannite,  and  is  produced  artiti- 
cially  by  heating  the  dioxide  or  sesquioxide  to  whiteness,  or  by  exposing 
the  monoxide  or  carbonate  to  a  red  heat  in  an  open  vessel.  It  is  a  reddish- 
brown  substance,  incapable  of  forming  salts,  and  acted  upon  by  acids  in 
the  same  manner  as  the  two  other  oxides  already  described.  Borax  and 
glass  in  the  fused  state  dissolve  this  substance,  and  acquire  the  color  of  the 
amethyst. 

Varvicite,  Mn^O^OH^or  MnO  OMnOj.OHj,  is  a  natural  mineral,  discovered 
by  Mr.  Phillips  among  certain  npccimcns  of  manganese  ore  from  Warwick- 
shire: it  has  alHO  been  found  ut  Ilefeld.  It  much  resembles  the  dioxide, 
but  is  harder  and  more  brilliant.     By  a  strong  heat,  varvicite  is  converted 

*o  red  oxide,  with  disengagement  of  aqueous  vapor  and  oxygen  gas. 


MANGANESB.  413 

Several  other  oxides,  intermediate  in  composition  between  the  monoxide 
»nd  dioxide,  also  occur  native ;  they  are  probably  mere  mixtures,  and  in 
many  casea  the  monoxide  is  more  or  less  replaced  by  the  corresponding 
oxides  of  iron,  cobalt,  and  copper. 

Mangasious  Sulphate,  S04Mn^70Hj=rSO,.Mn0.70Hj. — A  beautiful  rose- 
colored  and  Tery  soluble  salt,  isomorphous  with  magnesium  sulphate.  It 
is  prepared  on  the  large  scale  for  the  use  of  the  dyer,  by  heating  in  a  close 
Te58el  manganese  dioxide  and  coal,  and  dissoWing  the  impure  monoxide 
ihus  obtained  in  sulphuric  acid,  with  addition  of  a  little  hydrochloric  acid 
towards  the  end  of  the  process.  The  solution  is  evaporated  to  dryness,  and 
again  exposed  to  a  red  heat,  by  which  ferric  sulphate  is  decomposed. 
Water  then  dissolves  out  the  pure  manganese  sulphate,  leaving  ferric  oxide 
behind.  The  salt  is  used  to  produce  a  permanent  brown  dye,  the  cloth 
steeped  in  the  solution  being  afterwards  passed  through  a  solution  of 
bleaching-powder,  by  which  the  monoxide  is  changed  to  insoluble  hydrate 
of  the  dioxide.  Manganese  sulphate  sometimes  crystallizes  with  5  mole- 
cules of  water.  It  forms  a  double  salt  with  potassium  sulphate,  containing 
(SO^j^Mn^^K, .  60H,. 

Hahoaksse  Carbonate,  COjMn^'  :=  CO,Mn'^0. — Prepared  by  precipi- 
tating the  dichloride  with  an  alkaline  carbonate.  It  is  an  insoluble  white 
powder,  sometimes  with  a  buff-colored  tint.  Exposed  to  heat,  it  loses  carbon 
dioxide  and  absorbs  oxygen. 

Mahganates. — ^When  an  oxide  of  manganese  is  fused  with  potash,  oxygen 
ii  taken  up  from  the  air,  and  a  deep  green  saline  mass  results,  which  con- 
tains ^/<M«tiim  maTUfanate^  MnO^K,  or  MnOj  OK^.  The  addition  of  potas- 
M\im  nitrate,  or  chlorate,  facilitates  the  reaction.  Water  dissolves  this 
compound  very  readily,  and  the  solution,  concentrated  by  evaporation  in  a 
Tacuum,  yields  green  crystals.  Barium  maf^anaU,  MnO^Ba^^,  is  formed  in 
a  Mmilar  manner. 

Pebmanoanates. — When  potassium  manganate,  free  from  any  great  ex- 
cess of  alkali,  is  put  into  a  large  quantity  of  water,  it  is  resolved  into  hy- 
drated  manganese  dioxide  which  subsides,  and  potassium  permanganate^ 
Mn,OgK|,  or  yiiLfi^Ols^  which  remains  in  solution,  forming  a  deep-purple 

liquid: 

8Mn04K,  +  20H,  =  MnOg  +  40KH  +  Mn,OgK,. 

This  effect  is  accelerated  by  heat.     The  changes  of  color  accompanying 
tVig  decomposition  are  very  remarkable,  and  have  procured  for  the  manga- 
tiate  the  name  mineral  chameleon;  excess  of  alkali  hinders  the  reaction  in 
Mme  measure,  by  conferring  greater  stability  on  the  manganate.     Potas- 
sium permanganate  is  easily  prepared  on  a  considerable  scale.     Equal 
parts  of  very  finely  powdered  manganese  dioxide  and  potassium  chlorate 
•re  mixed  with  rather  more  than  one  part  of  potassium  hydrate  dissolved 
uiiViUle  water,  and  the  whole  is  exposed,  after  evaporation  to  dryness,  to 
&  temperature  just  short  of  ignition.     The  mass  is  treated  with  hot  water, 
the  inaoiable  oxide  separated  by  decantation,  and  the  deep-purple  liquid 
^concentrated  by  heat,  until  crystals  form  upon  its  surface :  it  is  then  left,  to 
Cool.    The  crystals  have  a  dark-purple  color,  and  are  not  very  soluble  in 
cold  water.     The  manganates  and  permanganates  are  decomposed  by  con- 
^>ctw\th  organic  matter:  the  former  are  said  to  be  isomorphous  with  the 
^ilphates,  and  the  latter  with  the  perchlorates.     The  green  and  red  disin- 
fecting agents,  known  as  Condy's  fluids,  are  alkaline  manganates  and  per- 
JoaTJganMes. 
S}fdrogen  permanganate^  or  Permanganic  aeid^  Mn,0,H,,  is  obtained  by  dis- 

8o* 
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soWing  potassium  permanganate  in  hydrogen  sulphate  (SO4H.)  diluted  with 
one  molecule  of  water,  and  distilling  the  solution  at  6ll*'-70*'.  'Permanganic 
acid  then  passes  over  in  violet  vapors,  and  condenses  to  a  greenish-black 
liquid,  which  has  a  metallic  lustre,  absorbs  moisture  greedily  from  the  air. 
and  acts  as  a  most  powerful  oxidizing  agent,  instantly  setting  fire  to  paper 
and  to  alcohol.*  ^ 


Manganous  salts  are  very  easily  distinguished  by  reagenta.  The  fiixi 
caustic  alkalies  and  ammonia  give  white  precipitates,  insoluble  in  excess, 
quickly  becoming  brown.  The  carbonates  of  the  fixed  alkalies^  and  earboMP 
of  ammonia,  give  white  precipitates,  but  little  subject  to  change,  and  insola- 
blo  in  excess  of  carbonate  of  ammonia.  Hydrogen  sulphide  gives  no  preci- 
pitate, but  ammonium  sulphide  throws  down  insoluble  flesh-colored  sulphide 
of  manganese,  which  is  very  characteristic.  Potassium  ferroetfomide  give«a 
white  precipitate. 

Manganese  is  also  easily  detected  by  the  blowpipe:  it  gives  with  borax 
an  amethyst-colored  bead  in  the  outer  or  oxiditing  flame,  and  a  colorl4*fs 
one  in  the  inner  flame.  Heated  upon  platinum  foil  with  sodium  carbonate, 
it  yields  a  green  mass  of  sodium  manganate. 


UBAHIUX. 
Atomic  weight,  120.     Symbol,  U. 

This  metal  is  found  in  a  few  minerals,  as  pitchblende,  which  is  an  oxide^ 
and  uranite,  which  is  a  phosphate ;  the  former  is  its  principal  ore.  The 
metal  itself  is  isolated  by  decomposing  the  chloride  with  potassium  or 
sodium,  and  is  obtained  as  a  black  coherent  powder,  or  in  fused  white 
malleable  globules,  according  to  the  manner  in  which  the  process  is  con- 
ducted. It  is  permanent  in  tlie  air  at  ordinary  temperatures,  and  docs  not 
decompose  water ;  but  in  the  pulverulent  state  it  takes  fire  at  207^,  burning 
with  great  splendor  and  forming  a  dark-green  oxide.  It  unites,  also,  very 
violently  with  chlorine  and  with  sulphur. 

Uranium  forms  two  classes  of  compounds :  viz.,  the  uranous  compoimds^ 
in  which  it  is  bivalent,  e,g.^  U^'Cl,,  CO,  U^'SO^,  &c.,  and  the  wanie  com- 
pounds^ ia  which  it  is  apparently  trivalent,  like  iron  in  the  ferric  com- 
pounds, e.  g. : 

There  are  also  two  oxides  intermediate  between  uranous  and  uranic  oxide- 
There  is  no  chloride,  bromide,  iodide,  or  fluoride  corresponding  to  nranie 
oxide,  such  as  UjCIq;  neither  are  there  any  normal  uranic  oxysalts  analo- 
gous to  the  normal  ferric  salts,  such  as  U^''j(NOg)j,  ^''\(^0^Y'^  &c. :  hot 
all  the  uranic  salts  contain  the  group  TJ.O,,  which  may  be  regarded  as  a 
bivalent  radical  (uranyl),  uniting  with  acids  in  the  usual  proportions  and 
forming  normal  salts ;  thus : 

Uranic  oxide  or  Uranyl  oxide         .        .        .    (tLO,)'^0 

Uranic  oxychloride  or  Uranyl  chloride  .         (^,Oj)''Cl, 
Uranic  nitrate  or  Uranyl  nitrate     .         ,         .     (U2^j)''(^^s)j 

Uranic  sulphate  or  Uranyl  sulphate    .  .         V^fitY^K^^i}''' 

This  view  of  the  composition  of  the  uranic  salts  is  not,  however,  essential, 
•  Terrell,  Bnlletin  de  la  Soci6te  Chimique  do  Parie,  1802,  p.  40. 
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since  they  may  also  be   formulated   as   basic  salts  in  the  manner  aboYO 
illustrated. 

Chloridks.  —  Uranovt  chloride,  U^'Cl,,  is  formed,  with  yivid  incandescence, 
br  barning  metallic  uranium  in  chlorine  gas,  also  by  igniting  uranous  oxide 
in  hydrochloric  acid  gas.  It  crystallizes  in  dark-grccn  regular  octohedrons, 
and  dissolres  easily  in  water,  forming  an  emerald-green  solution,  which  is 
«lccomposed  when  dropped  into  boiling  water,  giving  off  hydrochloric  ncid 
and  yielding  brown  precipitate  of  hydrated  uranous  oxide.  It  is  a  power- 
iiil  deoxidizing  agent,  reducing  gold  and  silver,  converting  ferric  salts  into 
f  ;rrotis  salts,  &c. 

Uranic  oxyehloride  or  Uranyl  chloride,  UjO^Cl^  is  formed  when  dry  chlorine 
gas  is  passed  over  red-hot  uranous  oxide,  as  an  orange-yellow  vapor,  which 
f^^lidifies  to  a  yellow  crystalline  fusible  mass,  easily  soluble  in  water.  It 
forms  double  salts  with  the  chlorides  of  the  alkali-metals,  the*  potassium 
salt,  for  example,  having  the  composition  U2O2CI2.2KCI.2OH2. 

Oxides.  —  Uranoua  oxide,  U^'O,  formerly  mistaken  for  metallic  uranium, 
19  obtained  by  heating  the  oxide,  U3O4,  or  uranic  oxalate,  in  a  current  of 
hydrogen.  It  is  a  brown  powder,  sometimes  highly  crystalline.  In  the 
finely  divided  state  it  is  pyrophoric.  It  dissolves  in  acids,  forming  green 
salts. 

VranoW'uranie  oxide,  Vfi^^  VO.Vfi^.  —  This  oxide,  analogous  to  the 
magnetic  oxide  of  iron,  forms  the  chief  constituent  of  pitchblende.  It  is 
obtained  artificially  by  igniting  the  metal  or  uranous  oxide  in  contact  with 
the  air,  or  by  gentle  ignition  of  uranic  oxide  or  uranic  nitrate.  It  forms  a 
djirk-green  velvety  powder,  of  specific  gravity  7*1  to  7*3.  WKen  ignited  in 
hjdrogen,  or  with  sodium,  charcoal,  or  sulphur,  it  is  reduced  to  urnnous 
oxide.  When  ignited  alone,  it  yields  a  black  oxide,  U^O^,  which  is  most 
probably  a  mixture  of  uranoso-uranic  and  uranous  oxide.  Uranoso-uranic 
oxide  dissolves  in  strong  sulphuric  or  hydrochloric  acid,  yielding  a  mixture 
of  uranous  and  uranic  salt;  by  nitric  acid  it  is  oxidized  to  uranic  nitrate. 

Vrame  oxide,  or  Uranyl  oxide,  UjOj  =  {}^fi%)^'^-  —  Uranium  and  its  lower 
oxides  dissolve  in  nitric  acid,  forming  uranic  nitrate;  and  when  this  salt  is 
heated  in  a  glnss  tube  till  it  begins  to  decompose,  at  250*^,  pure  uranic 
oxiile  remains'  in  the  form  of  a  chamois-yellow  powder.  Uranic  hydrate, 
U/>j.20Hj.  cannot  be  prepared  by  precipitating  a  uranic  salt  with  alkalies, 
inasmuch  as  the  precipitate  always  carries  down  alkali  with  it;  but  it  may 
be  cbtained  by  evaporating  a  solution  of  uranic  nitrate  in  absolute  alcohol 
at  a  moderate  heat,  till,  at  a  certain  degree  of  concentration,  nitrous  ether, 
aldehyde,  and  other  vapors  are  given  off,  and'h  spongy  yellow  mass  remains, 
which  is  the  hydrate.  In  a  vacuum  at  ordinary  temperatures,  or  at  100° 
in  the  air,  it  gives  off  half  its  water,  leaving  the  monohydrate,  UjOj-OII, 
Thij  hydrate  cannot  be  deprived  of  all  its  water  without  exposing  it  to  a 
hent  sufiicient  to  drive  off  part  of  the  oxygen,  and  reduce  it  to  uranoso- 
uranic  oxide. 

Uranic  oxide  and  its  hydrates  dissolve  in  acids,  forming  the  uranic  talta, 
Taenitrate,  (\}.p^Y^(^O^Y^O)ly  may  be  prepared  from  pitchblende  by  dis- 
solving the  pulverized  mineral  in  nitric  acid,  evaporating  to  dryness,  ndding 
Walter,  and  filtering;  the  liquid  yields,  by  due  evaporation,  crystals  of 
uranic  nitrate,  which  are  purified  by  a  repetition  of  the  process,  and,  lastly, 
(lissoWed  in  ether.     This  latter  solution  yields  the  pure  nitrate. 

Uranatet. — Uranic  oxide  unites  with  the  more  basic  metallic  oxides.  The 
uranates  of  the  alkali-metals  are  obtained  by  precipitating  a  uranic  salt 
with  a  caustic  alkali ;  those  of  the  earth-metals  and  heavy  metals,  by  pre- 
cipitating a  mixture  of  a  uranic  salt  and  a  palt  of  the  other  metal  with  am- 
monia, or  by  igniting  a  double  carbonate  or  acetate  of  uranium  and  the 
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other  metal  (calcio-uranio  acetate,  for  example)  in  contact  with  tbe  air. 
The  uraiiates  have,  for  the  most  part^  the  composition  2U2O3.M.O.  Thej 
are  yellow,  insoluble  in  water,  soluble  in  acids.  Those  whico  contain 
fixed  bases  are  not  decomposed  at  a  red  heat ;  but  at  a  white  heat,  the 
uranic  oxide  is  reduced  to  uranoso-uranic  oxide,  or  by  ignition  in  hydrogen 
to  uranous  oxide;  the  mass  obtained  by  this  last  method  easily  takes  fire 
in  contact  with  the  air.  Sodivm  uranate^  2U,0j.Na-0,  is  much  used  for  im- 
parting a  yellowish  or  greenish  color  to  glass,  and  as  a  yellow  pigment  od 
the  glazing  of  porcelain.  The  **  uranium-yellow  "  (or  these  purposes  is 
prepared  on  the  large  scale  by  roasting  pitchblende  with  lime  in  a  rever- 
ber at ory  furnace;  treating  the  resulting  calcium  uranate  with  dilute  sul- 
phuric acid;  mixing  the  solution  of  uranic  sulphate  thus  obtained  with 
sodium  carbonate,  by  which  the  uranium  is  first  precipitated  together  with 
other  metals,  but  then  redissolved,  tolerably  free  from  impurity,  by  excess 
of  the  all^li;  and  treating  the  liquid  with  dilute  sulphuric  acid  which' 
throws  down  hydrated  sodium  uranate,  2UjO,.Na,0  6Aq.  Ammcnimn 
uranate  is  but  slightly  soluble  in  pure  water,  aod  quite  insoluble  in  water 
containing  sal-ammoniac;  it  may,  therefore,  be  prepared  by  precipitat- 
ing a  solution  of  sodium-uranate  with  that  salt.  It  occurs  in  commerce 
as  a  fine  deep-yellow  pigment,  also  called  *' uranium  yellow."  This  salt 
when  heated  to  redness  leaves  pure  uranoso-uranic  oxide,  and  may,  there- 
fore, serve  as  the  raw  material  for  the  preparation  of  other  uranium  com- 
pounds. 


Uranous  salts  form  green  solutions,  from  which  caustic  alkalies  throw  down 
a  red-brown  gelatinous  precipitate  of  uranous  hydrate;  alkaLne  carbonates^ 
green  precipitates,  which  dissolve  in  excess,  especially  of  ammonium  car- 
bonate, forming  green  solutions.  Ammonium  sulphide  forms  a  black  preci- 
pitate of  uranous  sulphide;  hydrogen  sulphide^  no  precipitate. 

Uranic  salts  are  yellow,  and  yield  with  caustic  alkalies  a  yellow  precipitate 
of  alkaline  uranate,  insoluble  in  excess  of  the  reagent.  Alkaline  carlnmatn 
form  a  yellow  precipitate  consisting  of  a  carbonate  of  uranium  and  the 
alkali-metul,  soluble  in  excess,  especially  cf  acid  ammonium  or  potasFium 
carbonate.  Ammonium  sulphide  forms  a  black  precipitate  of  uranic  sul- 
phide. Hydrogen  sulphide  forms  no  precipitate,  but  reduces  the  iir:inic  to  a 
green  uranous  salt.     Potassium  ferroeyanide  forms  a  red-brown  precipitate. 

All  uranium  compounds,  fused  with  phosphorus  salt  or  borax  in  the  outer 
blowpipe  flame,  produce  a  clear  yellow  glass,  which  becomes  greenish  oa 
cooling.  In  the  inner  flame  the  glass  assumes  a  green  color,  becoming  still 
greener  on  cooling.  The  oxides  of  uranium  are  not  reduced  to  the  metallic 
state  by  fusion  with  sodium  carbonate  on  charcoal. 

Uranium  compounds  are  used,  as  already  observed,  in  enamel  painting, 
and  for  the  staining  of  glass,  uranous  oxide  giving  a  fine  black  color,  and 
uranic  oxide  a  delicate  greenish-yellow,  highly  fluorescent  glass.  Uranium 
salts  are  also  used  in  photography. 


IKDITm. 

Atomic  weight,  74.     Symbol,  In. 

This  metal  has  been  recently  discovered  by  Reich  and  Richter,*  in  the 
zinc-blende  of  Freiberg.  Its  spectrum  is  characterized  by  two  indigo- 
colored  lines,  one  very  bright  and  more  refrangible  than  the  blue  line  of 
strontium,  the  other  fainter  but  still  more  refrangible,  approaching  the  blue 
line  of  potassium.     It  was  the  production  of  this  peculiar  spectrum  that 

*  Journal  nir  praktische  Chemie,  IxJixix.  441. 
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led  to  the  discoverj  of  the  metal.  The  ore,  oonBisting  chiefly  of  blende, 
galena,  and  arsenical  pyrites,  was  roasted  to  expel  sulphur  and  arsenic, 
then  treated  with  hydrochloric  acid,  and  the  solution  was  evaporated  to 
dryness.  The  impure  lino  chloride  thus  obtained  exhibited,  when  ex- 
amined by  the  spectroscope,  the  first  of  the  indigo  lines  above  mentioned. 
The  chloride  was  afterwards  obtained  in  a  state  of  greater  purity,  and 
from  this  the  hydrate  and  the  metal  itself  were  prepared.  The  first  line 
then  came  out  with  much  greater  brilliancy,  and  the  second  was  likewise 
observed 

Indium  has  hitherto  been  obtained  in  very  small  quantity  only,  so  that 
its  properties  have  been  but  imperfectly  studied.  It  appears,  however,  to 
belong  to  the  iron  group.  The  metal  itself  is  of  a  lead-gray  color,  soft, 
very  malleable,  and  marks  paper  like  lead.  It  dissolves  easily  in  hydro- 
chloric acid,  forming  a  deliquescent  chloride.  From  the  solution  of  this  salt, 
it  is  precipitated  by  ammonia  and  potash  as  a  hydrate,  insoluble  in  excess 
of  either  reagent.  Hydrogen  sulphide  does  not  precipitate  it  from  an  acid 
solution.  The  oxide  heated  on  charcoal  with  soda,  yields  a  metallic  globule, 
which  when  reheated  oxidizes  to  a  yellowish  powder.  The  compounds  of 
indium  impart  a  violet  tint  to  the  flame  of  a  Bunsen's  burner. 
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Atomic  weight,  122.    Symbol,  Sb  (Stibium). 

THIS  important  metal  is  found  chiefly  in  the  state  of  sulphide.  The  ore 
is  freed  by  fusion  from  earthy  impurities,  and  is  afterwards  deconipoeed 
by  heating  with  metallic  iron  or  potassium  carbonate,  which  retains  the  sul- 
phur. Antimony  has  a  bluish- white  color  and  strong  lustre ;  it  is  extremely 
brittle,  being  reduced  to  powder  with  the  utmost  ease.  Its  specific  grarity 
is  G'8 ;  it  melts  at  a  temperature  just  short  of  redness,  and  boils  and  Tola- 
tilizes  at  a  white  heat.  Tiiis  metal  has  always  a  distinct  crystalline,  pUty 
structure,  but  by  particular  management  it  may  be  obtained  in  crystals, 
which  are  rhombohedral.*  Antimony  is  not  ozidiied  by  the  air  at  common 
temperatures ;  when  strongly  heated,  it  burns  with  a  white  flame,  producing 
oxide,  which  is  often  deposited  in  beautiful  crystals.  It  is  dissolred  by  hot 
hydrochloric  acid,  with  evolution  of  hydrogen  and  production  of  chloride. 
Nitric  acid  oxidizes  it  to  antimonic  acid,  which  is  insoluble  in  that  liquid. 

Antimony  forms  two  classes  of  compounds,  the  antimonious  compounds 
in  which  it  is  trivalent,  as  Sb'^'Clj,  Sb'^'jO,,  Sb^''^^-,  &c.,  and  the  antimonic 
compounds  in  which  it  is  quinquivtilent,  as  Sb'CI^,  Sb*g()g,  Sb*^,  &c. 

Chlorides.  —  The  trichloride  or  Antimonious  chloride,  SbCl,,  formerly  called 
butter  of  antimony,  is  produced  when  hydrogen  sulphide  is  prepared  by  the 
action  of  strong  hydrochloric  acid  on  antimonious  sulphide.  The  impure 
and  highly  acid  solution  thus  obtained  is  put  into  n  retort  and  distilled, 
until  each  drop  of  the  condensed  product,  on  falling  into  the  aqueous  liquid 
of  the  receiyer,  produces  a  copious  white  precipitate.  The  receiTer  is 
then  changed  and  the  distillation  continued.  Pure  antimonious  chloride 
then  passes  over,  and  solidifies  on  cooling  to  a  white,  highly  crystalline 
mass,  from  which  the  air  must  be  carefully  excluded.  The  same  compound 
is  formed  by  distilling  metallic  antimony  in  powder  with  2jf  times  its  weight 
of  corrosive  sublimate.  Antimonious  chloride  is  very  deliquescent :  it  dis- 
solves in  strong  hydrochloric  acid  without  decomposition,  and  the  solution 
poured  into  water  gives  rise  to  a  white  bulky  precipitate,  which,  after  a 
short  time,  becomes  highly  crystalline,  and  assumes  a  pale  fawn  color. 
This  is  the  old  powder  of  Algaroth;  it  is  a  compound  of  trichloride  and  tri- 
oxide  of  antimony.  Alkaline  solutions  extract  the  chloride  and  leave  the 
oxide.     Finely  powdered  antimony  thrown  into  chlorine  gas  takes  fire. 

The  pentachloride,  or  Antimonic  chloride,  SbClg.  is  formed  by  passing  a 
stream  of  chlorine  gas  over  gently  heated  metallic  antimony:  a  mixture  of 
the  two  chlorides  results,  which  may  be  separated  by  distillation.  The 
pentachloride  is  a  colorless  volatile  liquid,  which  forms  a  crystalline  com- 
pound with  a  small  portion  of  water,  but  is  decomposed  by  a  larger  quantity 
into  antimonic  and  hydrochloric  acids. 

•  On  pl«Ttrolyzinc  n  nolnfion  of  1  part  of  tartar  omfltlc  In  4  parts  of  antlmonlons  chloridr  l-jr 
a  sniiill  Imttcry  of  two  clonionta.  antimony  formuif;  the  ponitive,  and  metallk-  coi»per  th**  ni^a- 
tlv««  poll*.  cniMta  of  antimony  are  obtaintKl  which  ihwumw  the  remarkaltl**  projierty  of  ('Xpl«MlIng 
auU  catclting  flre  when  cracked  or  broken  (Gore,  Procoedings  of  the  Royal  Society,  ix.  70). 
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AvTivoinoirs  Htdsidb.  Aktimonettkd  Htdboovk.  Stibine,  SbH, — 
A  compound  of  antimony  and  hydrogen  exists,  but  has  not  been  isolated : 
when  zinc  is  put  into  a  solution  of  antimonious  oxide,  and  sulphuric  acid 
added,  part  of  the  hydrogen  combines  with  the  antimony,  and  the  resulting 
ghs  burns  with  a  greenish  flame,  giving  rise  to  white  fumes  of  antimonious 
oxide.  When  the  gas  is  conducted  through  a  red-hot  glass  tube  of  narrow 
dimensions,  or  burned  with  a  limited  supply  of  air,  as  when  a  cold  porcelain 
surface  is  pressed  into  the  flame,  metallic  antimony  is  deposited.  On  pass- 
ing a  current  of  antimonetted  hydrogen  through  a  solution  of  siWer  nitrate, 
&  black  precipitate  is  obtained,  containing  SbAgg:  from  the  formation  of 
this  compound  it  is  inferred  that  the  gas  has  the  composition  Sbll,,  analo- 
gous to  ammonia,  phosphine,  and  arsine.  There  are  also  seyeral  analogous 
compounds  of  antimony  with  alcohol-radicals,  such  as  trimethyUtibiney 
Sb(CH,),,  triethyUiibme,  Sb(C,Hg)j,  &c. 

OxroBS. — Antimony  forms  two  oxides,  Sb^O,  and  Sb.Og,  analogous  to  the 
chlorides,  the  first  being  a  basic  and  the  second  an  acid  oxide,  also  an  inter- 
mediate neutral  oxide,  Sb204. 

The  irioxidej  or  Antimonioiu  oxide^  Sb,Og,  occurs  native,  though  rarely,  as 
vaUntinitt  or  white  antimony ^  in  shining   white  trimetric  crystals ;   also  as 
tfwsrmoHtUe  in  regular  octohedrons:  it  is  therefore  dimorphous.     It  may  be 
prepared  by  several  methods:  as  by  burning  metallic  antimony  at  the  bot- 
tom of  a  large  red-hot  crucible,  in  which  case  it  is  obtained  in  brilliant  crys- 
tals; or  by  pouring  solution  of  antimonious  chloride  into  water,  and  digest- 
ing the  resulting  precipitate  with  a  solution  of  sodium  carbonate.   The  oxide 
thus  produced  is  anhydrous ;  it  is  a  pale  bufl^-colored  powder,  fusible  at  a 
red  heat,  and  volatile  in  a  closed  vessel,  but  in  contact  with  air  at  a  high 
temperature,  it  absorbs  oxygen  and  becomes  changed  into  the  tetroxide. 
When  boiled  with  cream  of  tartar  (acid  potassium  tartrate),  it  is  dissolved, 
sod  the  solution  yields  on  evaporation  crystals  of  tartar-emetic^  which  is 
almost  the  only  antimonious  salt  that  can  bear  admixture  with  water  with- 
out decomposition.     An  impure  oxide  for  this  purpose  is  sometimes  pre- 
pared by  carefully  roasting  the  powdered  sulphide  in  a  reverberatory  furnace, 
nace,  and  raising  the  heat  at  the  end  of  the  process,  so  as  to  fuse  the  product : 
it  has  long  been  known  under  the  name  of  ylcus  of  antimony ^  or  vitrum  anti- 
rnonO, 

Antimonious  oxide  likewise  acts  as  a  feeble  acid,  forming  salts  called  an- 
timonitety  which  however  are  very  unstable. 

The  teiroxi(U,  or  Antimonoso-antimonic  oxide^  SbjOj.Sb^Os,  occurs  native 
»8  cervantite  or  antimony  ochre^  in  acicular  crystals,  or  as  a  crust  or 
powder.  It  is  the  ultimate  product  of  the  oxidation  of  the  metal  by 
heat  and  air:  it  is  a  grayish-white  powder,  infusible,  and  non-volatile,  in- 
soluble in  water  and  acids,  except  when  recently  precipitated.  On  treat- 
ing it  with  tartaric  acid  (acid  potassium  tartrate),  antimonious  oxide  is  dis- 
solved, antimonic  acid  remaining  behind;  and  when  a  solution  of  the 
tetroxide  in  hydrochloric  acid  is  gradually  dropped  into  a  large  quantity 
of  water,  antimonious  oxide  is  precipitated,  while  antimonic  acid  remains 
distiolved.  From  these  and  similar  reactions  it  has  been  inferred  that  the 
tetroxide  is  a  compound  of  the  trioxide  and  pentoxide.  On  the  other  hand, 
it  is  sometimes  regarded  as  a  distinct  oxide,  because  it  dissolves  without 
(lecomposition  in  alkalies,  forming  salts  (often  called  antimonites),  which  may 
be  obtained  in  the  solid  state.  Two  potassium  salts,  for  example,  have  been 
formed,  containing  Sb,04.  K,0  and  2ShJ[)^ .  KjO;  and  a  calcium  salt  2Sb5j04. 
8CaO,  occurs  as  a  natural  mineral  called  romeine.  These  salts  may,  how- 
ever, be  regarded  as  compounds  of  antimonates  and  antimonites  (contain- 
ing SbjO,) :  thus,  2(Sb,04 .  K,0)  =  (Sb,Oj .  K,0)  4-  (SbjO, .  K,0). 
'She  pentozidef  or  Antimonic  oxides  Sb,Og,  is  formed  as  an  insoluble  hydrate 
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Atomic  weight,  122.     Symbol,  Sb  (Stibium). 

THIS  important  metal  is  found  chiefly  in  the  state  of  snlpliide.  The  ore 
is  freed  by  fusion  from  earthy  impurities,  and  is  afterwards  decomposed 
by  heating  with  metallic  iron  or  potassium  carbonate,  which  retains  the  sul- 
phur. Antimony  has  a  bluish-white  color  and  strong  lustre  ;  it  is  extremely 
brittle,  being  reduced  to  powder  with  the  utmost  ease.  Its  specific  grayity 
is  6-8 ;  it  melts  at  a  temperature  just  short  of  redness,  and  boils  and  troU* 
tilizes  at  a  white  heat.  This  metal  has  always  a  distinct  crystalline,  platy 
structure,  but  by  particular  management  it  may  be  obtained  in  crystals, 
which  are  rhombohedral.*  Antimony  is  not  oxidiied  by  the  air  at  commoi^ 
temperatures ;  when  strongly  heated,  it  burns  with  a  white  flame,  producing 
oxide,  which  is  often  deposited  in  beautiful  crystals.  It  is  dissoWed  by  hoi 
hydrochloric  acid,  with  evolution  of  hydrogen  and  production  of  chloride. 
Nitric  acid  oxidizes  it  to  antimonic  acid,  which  is  insoluble  in  that  liquid. 

Antimony  forms  two  classes  of  compounds,  the  antimonious  compottsds 
in  which  it  is  trivalent,  as  Sb'^'Clj,  Sb^'^-'jO,,  Sb'-'^'^S^  &c.,  and  theantimoiii* 
compounds  in  which  it  is  quinquivnlent,  as  Sb'Cl^,  bb'gO^,  Sb'jS^,  &c. 

Chlorides.  — The  trichloride  or  Antimonious  chloride^  SbClj,  formerly  called 
butter  of  antimony^  is  produced  when  hydrogen  sulphide  is  prepared  by  Uv 
action  of  strong  hydrochloric  acid  on  antimonious  sulphide.     The  impnm 
and  highly  acid  solution  thus  obtained  is  put  into  a  retort  and  distilledt 
until  each  drop  of  the  condensed  product,  on  falling  into  the  aqueous  liqsitf 
of  the  receiver,   produces  a  copious  white  precipitate.     The  receiver  V 
then  changed  and  the  distillation  continued.     Pure  antimonious  chloridr 
then  passes  over,  and  solidifies  on  cooling  to  a  white,  highly  crysralliar 
mass,  from  which  the  air  must  be  carefully  excluded.    The  same  compound 
is  formed  by  distilling  metallic  antimony  in  powder  with  2\  times^its  weight 
of  corrosive  sublimate.     Antimonious  chloride  is  very  deliquescent:  it  dis- 
solves in  strong  hydrochloric  acid  without  decomposition,  and  the  solotioB 
poured  into  water  gives  rise  to  a  white  bulky  precipitate,  which,  alter  • 
short  time,  becomes  highly  crystalline,  and  assumes  a  pale  fawn  colof- 
This  is  the  old  powder  of  Algaroth;  it  is  a  compound  of  trichloride  and  tii> 
oxide  of  antimony.     Alkaline  solutions  extract  the  chloride  and  leate  tlif 
oxide.     Finely  powdered  antimony  thrown  into  chlorine  gas  takes  fire. 

The  pentachloride^  or  Antimonic  chloride^  SbClj,  is  formed  by  passing  • 
stream  of  chlorine  gas  over  gently  heated  metallic  antimony:  a  mixture^ 
the  two  chlorides  results,  which  may  be  separated  by  di^^tillation.  3& 
pentachloride  i8^^^ri||flH|^|u>latile  liquid,  which  forms  a  crystalline  OQA- 
pound  with  oflM^^^^^^Hbrater.  but  is  decomposed  by  a  larger  quaal^) 
antim<ia|^^^^^^^^^Hc  acids. 

*  On  oleelj^^^^^^^^^^^^^^Krt  or  Umy^t^t/f^^^^^i^  of  nntlmonionti  clitorfi*% 
a  sniiill  Itttg^^^^^^^^^^^^^^mMtJatf^^^r  \td  meUPic  copper  tJivSM^ 

and  ««|^^^^^^^^^^^^^^^^^^^  Royal  Society,  ix.  tt^ 

418 


-*'^Tr»r»yj» 


^^^UOSY. 


"■  «    ►  '  -    Vl«»    *       •  '--*-i»»n    ,vf^  -♦   out  Dam   ■■    •    -  t  ~— 

-  ■•^-.t  -  ;•  *^-*rT^i^''='=*^=^j- 4-  ■/.'■=  '•  '"5.-..,.. 

-  -r  ^.   .;-•-? i •-! ;.a- vr*'  ■*'  «-•  i«  ...■r  '•'  -  •=-  ?  "„ 4.  .  ; 


-  »     * 


-    M,^     .  '^'    ^     ran-.   '__    '^    *'■ '•..!.•    '—.'.'      *    """'^   ^^  -M 
^^^^**''  OTtcrs    ♦if  •    —     •»»  f. 


420  PENTAD  UETALS. 

when  BtroDg  nitric  acid  Ib  made  to  act  upon  metallic  antimony;  and,  on  ex- 
posing this  hydrate  to  a  heat  short  of  rtnlness.  it  yields  the  anhydrous  pen- 
toxide  as  a  pale  straw-colored  powder,  insoluble  in  water  and  acid.  It  is 
decomposed  by  a  red-heat,  yielding  the  tetroxide. 

Uydrated  antimonic  oxide  is  likewise  obtained  by  decomposing  antimony 
pentachloride  with  an  excess  of  water,  hydrochloric  acid  being  formed  at 
the  same  time.  The  hydrated  oxides,  or  acids,  produced  by  the  two  pio- 
cesses  mentioned,  differ  in  many  of  their  properties,  and  especially  in  their 
deportment  with  bases.  The  acid  produced  by  nitric  acid,  called  antimonic 
acid^  is  monobasic,  producing  normal  salts  of  the  form  Sb^O^.M^O.  or 
SbO,M,  and  acid  salts  containing  2Sb,0,.M,0,  or  Sb,Og  2SbO,M.  The  other, 
called  metandmonie  acid,  is  bibasic,  forming  normal  B»ilt8  containing  Sb-Oj. 
2M2O,  or  SbjO^M^,  and  acid  salts,  containing  2Sb20g.  2M2O,  or  Sb,Of .  M/), 
so  that  the  acid  metantimonates  are  isomeric  or  polymeric,  with  the  normal 
antimonatcs.  Among  the  metantimonates  an  acid  potassium  salt,  Sb^O^. 
KgO .  70H,  is  to  be  particularly  noticed  as  yielding  a  precipitat'C  with 
sodium  salts:  it  is,  indeed,  the  only  reagent  which  precipitates  sodium.  It 
is  obtained  by  fusing  antimonic  oxide  with  an  excess  of  potash  in  a  siWer 
crucible,  dissolving  the  fused  mass  in  a  small  quantity  of  cold  water,  and 
allowing  it  to  crystallize  in  a  Tacuum.  The  crystals  consist  of  nonnal 
potassium  metantimonate,  Sb.^O(.  2K0,  and,  when  dissolved  in  pure  water, 
are  decomposed  into  free  potash  and  acid  metantimonate. 

Sulphides.  The  trimlphide  or  Antimonious  sulphide,  Sb^^  occurs  native 
as  a  lead-gray,  brittle  substance,  having  a  radiated  crystalline  texture,  and 
is  easily  fusible.  It  may  be  prepared  artificially  by  melting  together  anti- 
mony and  sulphur.  W'hen  a  solution  of  tartar-emetic  is  precipitated  bv 
hydrogen  sulphide,  a  brick-red  precipitate  falls,  which  is  the  same  sub- 
stance combined  with  a  little  water.  If  the  precipitate  be  dried  and  gently 
heated,  the  water  may  be  expelled  without  other  change  of  color  than  a 
little  darkening,  but  at  a  higher  temperature  it  assumes  the  color  and 
aspect  of  the  native  sulphide.  This  remarkable  change  probably  indicates 
a  passage  from  the  amorphous  to  the  crystalline  condition. 

When  powdered  antimonious  sulphide  is  boiled  in  a  solution  of  caustic 
potash,  it  is  dissolved  antimonious  oxide,  and  potassium  sulphide  being 
produced,  the  latter  unites  with  an  additional  quantity  of  antimonious  sul- 
phide to  form  a  soluble  sulphur-salt,  in  which  the  potassium  sulphide  is  the 
sulphur  base,  and  the  antimonious  sulphide  is  the  sulphur  acid: 

3K,0  4-  2SbjS,  =  Sb,0,  -f  SbjS, .  8K^. 

The  antimonious  oxide  separates  in  small  crystals  from  the  boiling  sola- 
tion  when  the  latter  is  concentrated,  and  the  sulphur-salt  dissolves  an  extra 
portion  of  antimonious  sulphide,  which  it  again  deposits  on  cooling  as  a 
red  amorphous  powder,  containing  a  small  admixture  of  antimonious  oxide 
and  potassium  sulphide.  This  is  the  kermes  mineral  of  the  old  chemists. 
The  filtered  solution  mixed  with  an  acid  gives  a  potassium  salt,  hydrogen 
sulphide,  and  precipitated  antimonious  sulphide.  Kermes  may  also  be 
made  by  fusing  a  mixture  of  5  parts  antimonious  sulphide  and  3  of  d?y 
sodium  carbonate,  boiling  the  mass  in  80  part6  of  water,  and  filtering  while 
hot:  the  compound  separates  on  cooling.  The  compounds  of  antimonious 
sulphide  with  basic  sulphides  are  called  sulph-antimonites ;  many  of  them 
occur  as  natural  minerals.  For  example :  sinkenite,  SbgS^.PbS :  feather  ore, 
Sb,Sj.2PbS ;  boulangerite,  SbjSa.SPbS  ;  fahlore,  or  tetrahedrite,  Sb^.4CUyS, 
the  antimony  being  more  or  less  replaced  by  arsenic,  and  the  copper  by 
silver,  iron,  zinc,  and  mercury. 

The  pentasulp hide  or  Antimonic  sulphide,  Sb^S^,  formerly  called  sulphur  au" 
ratum,  is  also  a  sulphur  acid,  forming  salts  called  sulphaniimonaies,  most  of 
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which  haye  the  composition  Sb^^.  8M^,  or  SbS^M,,  analogous  to  the  normal 
orthopbo^iphates  and  arsenates.  When  18  parts  finely  powdered  antimoni- 
ous  sulphide,  17  parts  dry  sodium  carbonate,  13  parts  slaked  lime,  and  8J 
parta  sulphur,  arc  boiled  for  some  hours  in  a  quantity  of  water,  calcium 
carbonate,  sodium  antimonate,  antimony  pentasulphide,  and  sodium  sulphide 
are  produced.  The  first  is  insoluble,  and  the  second  partially  so:  the  two 
last-named  bodies,  on  the  contrary,  unite  to  form  soluble  sodium  sulph- 
antimonate.  SbS^Na,,  which  may  be  obtained  by  evaporation  in  beautiful 
crystal".  A  solution  of  this  substance,  mixed  with  dilute  sulphuric  acid, 
furnishes  sodium  »*ulphate.  hydrogen  sulphide,  and  antimony  pentasulphide, 
which  falls  as  a  golden-yellow  flocculent  precipitate. 

The  sulphantimonates  of  the  alkali-metals  and  alkaline  earth-metals  are 
Tery  soluble  in  water,  and  cry8talli7.e  for  the  most  part  with  several  mole- 
cule5«  of  water.  Those  of  the  heavy  melahs  are  insoluble,  and  are  obtained 
by  precipitation. 

The  few  salts  of  antimony  soluble  in  water  are  distinctly  characterized 
by  the  orange  or  brick-red  precipitate  with  hydrogen  tulphide,  which  is  solu- 
ble in  a  solution  of  ammonium  sulphide,  and  again  precipitated  by  an  acid. 

Antimonious  chloride,  as  already  observed,  is  decomposed  by  water, 
yielding  a  precipitalo  of  oxychloride.  The  precipitate  dissolves  in  hy- 
drochloric acid,  and  the  resulting  solution  gives,  with  pola»h,  a  white  pre- 
cipitate of  trioxide.  soluble  in  a  large  excess  of  the  reagent;  with  ammonia 
the  same,  insoluble  in  excess ;  with  potamum  or  sodium  carbonate,  also  a  pre- 
cipitate of  trioxide,  which  dissolves  in  excess,  especially  of  the  potassium 
salt,  but  reappears  after  a  while.  If,  however,  the  solution  contains  tartaric 
acid,  the  precipitate  formed  by  potash  dissolves  easily  in  excess  of  the  alkali ; 
ammonia  forms  but  a  slight  precipitate,  and  the  precipitates  formed  by.  al- 
kaline carbonates  are  insoluble  in  excess.  The  last-mentioned  characters 
are  likewise  exhibited  by  a  solution  of  tartar-emetic  (potassio-antimonious 
tartrate).  Zinc  and  iron  precipitate  antimony  from  its  solutions  as  a  black 
powder.  Copper  precipitates  it  as  a  shining  meiallic  film,  which  may  be 
dissolved  off  by  potassium  permanganate,  yielding  a  solution  which  will 
give  the  characteristic  red  precipitate  with  hydrogen  sulphide. 

Solid  antimony  compounds  fused  upon  charcoal  with  sodium  carbonate  or 
potassium  cyanide,  yield  a  brittle  globule  of  antimony,  a  thick  white  fume 
being  at  the  same  time  given  off,  and  the  charcoal  covered  to  some  distance 
around  with  a  white  deposit  of  oxide. 

Besides  its  application  to  medicine,  antimony  is  of  great  importance  in 
the  art!),  inasmuch  as,  in  combination  with  lead,  it  forms  type-metal.  This 
alloy  expand:^  at  the  moment  of  solidifying,  and  takes  an  exceedingly  sharp 
impression  of  the  mould.  It  is  remarkable  that  both  its  constituents  shrink 
under  similar  circumstances,  and  make  very  bad  castings. 

Britannia  metal  is  an  alloy  of  9  parts  tin  and  1  part  antimony,  frequently 
also  containing  small  quantities  of  copper,  zinc  or  bismuth.  An  alloy  of 
12  parts  tin,  1  part  antimony,  and  a  small  quantity  of  copper,  forms  a 
superior  kind  of  pewter.  Alloys  of  antimony  with  tin,  or  tin  and  lead,  are 
now  much  used  for  machinery-bearings  in  place  of  gun-metal.  Alloys  of 
antimony  with  nickel  and  with  silver  occur  as  natural  minerals. 

Antimony  trisulphide  enters  into  the  composition  of  the  blue  signal-lights 
used  at  sea.* 

*  Blae  or  BeDiml  light: 

JDry  p«)taMium  nitrate       ...  6  parts 

Sulphnr 2     ** 

Antimony  triwilphfde 1  part. 

All  In  fine  powder,  and  intimately  mixed. 
86 
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A&8EHIC. 

Atomic  weight,  76.     Symbol,  As. 

Arsenic  is  sometimes  found  native:  it  occurs  in  considerable  quantity  as 
a  contstituent  of  m»ny  minerals,  combined  with  metals,  sulphur  and  oxygen. 
In  the  oxidized  state  it  has  been  found  in  very  minute  quantity  in  a  great 
many  mineral  waters.  The  largest  proportion  is  derived  from  the  roasting 
of  natural  arsenides  of  iron,  nickel,  and  cobalt.  The  operation  is  con> 
ducted  in  a  reverberatory  furnace,  and  the  volatile  products  are  condensed 
in  a  long  and  nearly  horizontal  chimney,  or  in  a  kind  of  tower  of  brick- 
work, divided  into  numerous  chambers.  The  crude  arsenious  oxide  thus 
produced  is  purified  by  sublimation,  and  then  heated  with  charcoal  in  a 
retort;  the  metal  is  reduced,  and  readily  sublimes. 

Arsenic  has  a  steel-gray  color,  and  high  metallic  lustre:  it  is  crystalline 
and  very  brittle;  it  tarnishes  in  the  air,  but  may  be  preserved  unchanged 
in  pure  water.  Its  density,  in  the  solid  state,  is  5*7  to  6  9.  When  heated, 
it  volatilizes  without  fusion,  and  if  air  be  present,  oxidizes  to  arsenious 
oxide.  Its  vapor  density,  compared  with  that  of  hydrogen,  is  150,  which 
is  twice  its  atomic  weight,  so  that  its  molecule  in  the  gaseous  state,  like 
that  of  phosphorus,  occupies  only  half  the  volume  of  a  molecule  of  hy- 
drogen (p.  228).     The  vapor  has  the  odor  of  garlic. 

Arsenic  combines  with  metals  in  the  same  manner  as  sulphur  and  phos- 
phorus, which  it  resembles,  especially  the  latter,  in  many  respects :  indeed, 
it  is  often  regarded  as  a  metalloid. 

Arsenic,  like  nitrogen,  behaves  in  most  respects  as  a  triad  element,  not 
being  capable  of  uniting  with  more  than  three  atoms  of  any  one  monad 
element.  Thus,  it  forms  the  compounds  AfH,,  A8CI3,  AsBr,.  &c.,  but  no 
compound  analogous  to  the  pentachloride  of  phosphorus  or  antimony.  Cut 
just  as  ammonia,  NH.,  can  take  up  the  elements  of  hydrochloric  acid  to 
form  sal-ammoniac,  MI4CI,  in  which  nitrogen  appears  quinquivalent,  so 
likewise  can  arsenetted  hydrogen  or  arsinc,  As^^'^H,,  unite  with  the  chlorides, 
bromides,  &c.  of  the  radicals,  methyl,  ethyl,  &c.,  to  form  salts  in  which 
the  arsenic  appears  to  be  quinquivalent,  e.  g. : 

Arsenethylium  bromide   .     ,     .     As^HjfC-Hj^Br.,  &c. 
Arsenmethylium  chloride  .     .     .  As'Hj(CH3)Cl. 

In  like  manner,  arsentrimethyl,  As'^'(CH3^3,  unites  with  the  chlorides 
of  methyl  and  ethyl,  forming  the  compounds  As'(CH5)4Cl  and  As'(CH,), 
(C2H5)C1. 

Ari*enic  likewise  forms  two  oxides,  viz  ,  arsenious  oxide,  As-^'^jO,,  and 
arsenic  oxide,  As^Oj,  with  corresponding  acids  and  salts,  analogous  to  phos- 
phorous and  phosphoric  compounds;  the  arsenates,  in  particular,  are  ieo- 
morphous  with  the  other  phosphates,  and  resemble  them  closely  in  many 
other  respects. 

Arsenious  CnLORinE,  AsCly  —  This,  the  only  known  chloride  of  arsenic, 
is  produced,  with  emission  of  heat  and  light,  when  powdered  arsenic  is 
thrown  into  chlorine  gas.  It  is  prepared  by  distilling  a  mixtuie  of  1  part 
of  metallic  arsenic  and  6  parts  of  corrosive  sublimate,  and  by  distil- 
ling arsenious  oxide  with  strong  hydrochloric  acid,  or  with  a  mixture  of 
common  salt  and  sulphuric  acid.  It  is  a  colorless,  volatile,  highly  poisonous 
liquid,  decomposed  by  water  into  arsenious  and  hydrochloric  acids.  Arse- 
niou8  iodide,  Aslj,  is  formed  by  heating  metallic  arsenic  with  iodine :  it  is  a 
deep-red  crystalline  substance,  capable  of  sublimation.  The  corresponding 
bromide  a.nd  fluoride  are  both  liquid. 
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Htdbides. — Arsenic  forms  two  hydrides,  containing  2  and  8  atoms  of 
hjdrogen  combined  with  1  atom  of  arsenic. 

The  trihydridt^  Arsenioua  hydride^  Araenetted  hydrogen  or  Arsine,  AsHg, 
.tn:;lo,i^ous  in  composition  to  ammonia,  phosphine,  and  stibine,  is  obtained 
pure  bj  the  action  of  strong  hydrochloric  acid  on  an  alloy  of  equal  parts  of 
7..ao  and  arsenic,  and  is  produced  in  greater  or  .less  proportion  whenever 
bydrogen  is  set  free  in  contact  with  arsenious  acid.  Arsenetted  hydrogen 
i^  a  colorless  gas,  of  specific  gravity  2*095,  slightly  soluble  in  water,  and 
Imping  the  smell  of  garlic.  It  burns,  when  kindled,  with  a  blue  flame, 
generating  arsenious  acid.  It  is  also  decomposed  by  transmission  through 
%  red-hot  tube.  Many  metallic  solutions  are  precipitated  by  this  substance. 
When  inhaled,  it  is  exceedingly  poisonous,  even  in  very  minute  quantity. 

AsU, 

The  dikydride^  AsH,,  or  rather  As^TL  =1        ,  is  produced  by  passing  an 

AhH, 
electric  current  through  water,  the  negative  pole  being  formed  of  metallic 
arsenic:  also  when  potassium  or  sodium  arsenide  is  dissolved  in  water. 
It  is  a  brown  powder,  which  gives  off  hydrogen  when  heated  in  a  close 
Tc^j^l,  and  burns  when  heated  in  the  air.  It  is  analogous  in  composition 
to  arsendimetbyl  or  cacodyl,  As2(Cn3)^. 

Arsbhious  Oxide,  Acid,  axd  Salts.  —  Arseniowf  oxidfy  A82OS.  also  called 
vhife  oxide  0/  arsenic^  is  produced  in  the  manner  already  mentioned.     It  is 
commonly  met  with  in  the  form  of  a  heavy,  white,  glassy-looking  substance, 
with  smooth  conchoidal  fracture,  which  has  evidently  undergone  fusion. 
When  freshly  prepared  it  is  .often  transparent,  but  by  keeping  becomes 
opaque,  at  the  same  time  slightly  diminishing  in  density,  and  acquiring  a 
frreater  degree  of  solubility  in  water.     100  parts  of  that  liquid  dissolve  at 
100°  about  11*5  parts  of  the  opaque  variety:  the  largest  portion  separates, 
however,  on  cooling,  leaving  about  3  parts  dissolved :  the  solution,  which 
contains  arseniowi  acid,  feebly  reddens  litmus.     Cold  water,  agitated  with 
powdered  arsenious  oxide,  takes  up  a  still  smaller  quantity.     Alkalies  dis- 
solve this  substance  freely,  forming  arsenites ;  compounds  with  ammonia, 
baryta,  strontia,  lime,  magnesia,  and  manganous  oxide  also  have  been 
formed :  the  silver  salt  is  a  beautiful  lemon-yellow  precipitate.     The  ar- 
M'nites  are,  however,  very  unstable,  and  have  been  but  little  examined. 
Those  which  have  the  composition  AsO^M,  or  As^Og.MjO,  are  generally  re- 
garded as  normal  salts:  there  are  also  arsenites  containing  A6,05M4,  or 
Ad203.2M,O,  and  A8O3M3,  or  As^O,  SMjO,  besides  acid  salts.     Arsenious 
oxide  is  easily  soluble  in  hot  hydrochloric  acid.     Its  vapor  is  colorless  and 
inodorous,  and  it  crystallizes  on  solidifying  in  brilliant  transparent  octo- 
hedrons.     The  oxide  or  acid  itself  has  a  feeble  sweetish  and  astringent 
taste,  and  is  a  most  fearful  poison. 

Arsemic  Oxide,  Acid,  and  8alt8. — When  powdered  arsenious  oxide  is 
(lissolved  in  hot  hydrochloric  acid,  and  oxidized  by  the  addition  of  nitric 
ftcid,  the  latter  being  added  as  long  as  red  vapors  are  produced,  the  whole 
then  cautiously  evaporated  to  complete  dryness,  and  the  residue  heated  to 
low  redness,  arsenic  oxide,  As^Oj,  remains  in  the  form  of  a  white  anhydrous 
piass  which  has  no  action  upon  litmus.    When  strongly  heated,  it  is  resolved 
into  arsenious  oxide  and  free  oxygen.     In  water  it  dissolves  slowly  but  com 
pletely,  giving  a  highly  acid  solution,  which,  on  being  evaporated  to 
syrupy  consistence,  deposits,  after  a  time,  hydrated  crystals  of  arsenic  acit 
containing  2A80^n, .  OIL,   or  ApjOj-SOII,  -f   Aq.     These  crystals,  whc 
heated  to  100®,  give  off  tneir  water  of  cryKtallizntion  and  leave  trihydrau 
ftrtenieacid,  AsO^H,,  or  As.Og.  SOHj,;  at  140°— 1G0<*  the  dihydrate.  At 
or  AsjOj.  20H,,  is  left ;  and  at  260°  the  monohydrate,  AsOjH,  or  As,' 
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The  aqueous  Bolutions  of  the  three  hydrates  and  of  the  anhjdrmis  oxide 
exhibit  exactly  the  same  characters,  and  all  contain  the  trihjdrate,  the 
other  hydrates  being  immediately  coiiTerted  into  that  compound  when  dis- 
solved in  water;  in  this  respect  the  hydrates  of  arsenic  acid  differ  essen- 
tlally  from  those  of  phosphoric  acid  Tp.  285). 

Arsenic  acid  is  a  very  powerful  acid,  forming  salts  isomorphous  with  the 
corresponding  phosphates :  it  is  also  tribasic.  A  sodium  arsenate,  As04HNa,. 
I'iOHj,  undistinguishablo  in  appearance  from  common  sodium  phosphate, 
may  be  prepared  by  adding  the  carbonate  to  a  solution  of  arsenic  acid,  until 
an  alkaline  reaction  is  apparent,  and  then  evaporating.  This  salt  also 
crystallizes  with  7  molecules  of  water.  Another  arsenate,  AsO^Xa,.  120Hj. 
is  produced  when  sodium  carbonate  in  excess  is  fused  with  arsenic  acid,  or 
when  the  preceding  salt  is  mixed  with  caustic  soda.  A  third,  AsO^H^Na. 
OHj,  is  made  by  substituting  an  excess  of  arsenic  acid  for  the  solution  of 
alkiili.  The  alkaline  arsenates  which  contain  basic  water  lose  the  latter  at 
a  red  heat,  but,  unlike  the  phosphates,  recover  it  when  again  dissolved. 
The  arsenates  of  the  alkalies  are  soluble  in  water:  those  of  the  earths  aB<l 
other  metallic  oxides  are  insoluble,  but  are  dissolved  by  acid.  The  precip- 
itate with  silver  nitrate  is  highly  characteristic  of  arsenic  acid:  it  is  red- 
dish-brown. 

Sulphides.  —  Two  sulphides  of  arsenic  are  known.  The  disvlpkide,  As^^ 
occurs  native  as  Realgar.  It  is  formed  artificially  by  heating  arsenic  acid 
with  the  proper  proportion  of  sulphur.  It  is  an  orange-red,  fusible,  and 
volatile  substance,  employed  in  painting,  and  by  the  pyrotechnist  in  making 
white  fire.  The  triaulphide  or  artenious  sulphide,  AsS,,  also  occurs  native  as 
Orpiment,  and  is  prepared  artificially  by  fusing  arsenic  with  the  appropriate 
quantity  of  sulphur,  or  by  precipitating  a  solution  of  arsenious  acid  with 
hydrogen  sulphide.  It  is  a  golden-yellow,  crystalline  substance,  fusible, 
and  volatile  by  heat.  A  cold  solution  of  arsenic  acid  is  not  immediately 
precipitated  by  hydrogen  sulphide,  but  after  some  hours  the  solution,  satu- 
iiatcd  with  hydrogen  sulphide,  yields  a  light-yellow  deposit  of  sulphur,  the 
arsenic  acid  being  reduced  to  ar^^enious  acid,  which  is  then  gradually  con- 
verted into  lemon-yellow  arsenious  sulphide.  In  boiling  solutions  the  pre- 
cipitation takes  place  immediately.  The  mixture  of  sulphur  and  trisulpbide, 
thus  produced,  was  formerly  regarded  as  a  pentasulphide,  corresponding 
to  arsenic  acid. 

The  disulphide  and  trisulphide  of  arsenic  are  sulphur-acids,  uniting  with 
other  metallic  sulphides  to  form  sulphur-salts.  Those  of  the  disulphide  are 
called  hyposulpharsenites ;  they  are  but  little  known.  The  salts  of  arsenious 
sulphide  are  called  sulpharsenites.  Their  composition  may  be  represented 
by  that  of  the  potassium  salts,  viz.,  As^jK,  or  AsS,  K,S;  As^^K^,  or 
AjfgS,.  2K5,S,  and  AsSgK,,  or  As^Sj.  SK^S.  Of  these  the  bibasic  salts  are  the 
most  common.  The  sulpharsenitcs  of  the  alkali-metals  and  alkaline  earth- 
metals  are  soluble  in  water,  and  may  be  prepared  by  digesting  arsenious 
sulphide  in  the  solutions  of  the  corresponding  hydrates  or  sulph-hydrate«; 
the  rest  are  insoluble  and  are  obtained  by  precipitation.  Sulphur-salts, 
called  sutpharsenates,  corresponding  in  composition  to  the  arsenates,  are  pro- 
duced, iu  like  manner,  by  digesting  the  mixture  of  sulphur  and  arsenious 
sulphide,  precipitated,  as  above  mentioned,  from  arsenic  acid,  in  solutions 
of  alkaline  hydrates  or  sulph-hydrates ;  also  by  parsing  gaseous  hydrogen 
sulphide  through  solutions  of  arsenates.  There  are  tliree  Fulph-ar^cnnteiS 
of  potassium,  containing  AsSJK,  or  Ak^S^.  K^S:  AhjS^K^,  or  AsjP^.^lvjS: 
and  AsS^K^,  or  ASjSj.  SK^S.  The  sulph-arsenates  of  the  alkali  uivtaU  and 
alkaline  earth-metals  are  soluble  in  water ;  the  rest  are  insoluble  and  are 
obtained  by  precipitation. 
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Fig.  174. 


Arscnioua  acid  is  distinguished  by  characters  which  cannot  be  misun- 
derstood. 

Silver  nitrate,  mixed  with  a  solution  of  arsenious  ncid  in  water,  occnsions 
DO  precipitate,  or  merely  a  faint  cloud:  but  if  a  little  nlkali,  or  a  drop  of 
ammonii,  be  added,  a  yellow  precipiUUe  of  silver  arscnite  immediately  lulls. 
The  precipitate  is  exceedingly  soluble  in  excels  of  ammonia;  tliat  sub- 
stance must,  therefore,  be  added  with  great  caution ;  it  is  likewise  very 
soluble  in  nitric  acid. 

Cuprie  sulphate  gives  no  precipitAte  with  solution  of  arsenious  acid,  until 
the  addition  has  been  made  of  a  little  alkali,  when  a  brilliant  ycUow-groen 
precipitate  (Scheele's  green)  falls,  which  also  is  very  soluble  in  excess  of 
ammenia. 

Hifdrogen  sulphide  passed  into  a  solution  of  arsenious  acid,  to  which  a  few 
drops  of  hydrochloric  or  sulphuric  acid  have  been  added,  occasions  the  pro- 
duction of  a  copious  bright-yellow  precipitate  of  orpiment,  which  is  dis- 
solved with  facility  by  ammonia,  and  reprecipitated  by  acids. 

Solid  arsenious  oxide,  heated  by  the  blowpipe  in  a  narrow  glass  tube  w^ith 
small  fragments  of  dry  charcoal,  affcrds  a  sublimate  of  metallic  arsenic  in 
the  shape  of  a  brilliant  steel-gray  metallic  ring.  A  portion  of  this,  detached 
by  the  point  of  a  knife,  and  heated  in  a  second  gloss  tube,  with  access  of 
air,  yields,  in  its  turn,  a  sublimate  of  colorless,  transparent,  octohedral 
ervstals  of  arsenious  oxide. 

All  these  experiments,  which  jointly  give  demonstrative  proof  of  the 
presence  of  the  substance  in  question,  may  be  performed  with  perfect  pre- 
cision and  certainty  upon  exceedingly  small  quantities  of  maicrial. 

The  detection  of  arsenious  acid  in  coroplox  mixtures,  con- 
taining organic  mutter  and  common  salt,  as  beer,  gruel,  soup, 
&c  ,  or  the  fluid  contents  of  the  stomach  in  cases  of  poison 
ing.  is  a  very  far  more  difficult  problem,  but  one  which  is, 
un  brtunately,  often  required  to  be  solved.  These  organic 
m.*iUers  interfere  completely  with  the  liquid  tests,  and  render 
their  indications  worthless.  Sometimes  the  difficulty  may  be 
eluded  by  a  diligent  search  in  the  suspected  liquid,  and  in  the 
vessel  containing  it,  for  fragments  or  powder  of  solid  arseni- 
ous oxide,  which,  from  its  small  degree  of  solubility,  often 
escape  solution,  and  from  the  high  density  of  the  substance, 
may  be  found  at  the  bottom  of  the  vessels  in  which  the  fluids 
are  contained.  If  anything  of  the  kind  be  found,  it  may  be 
washed  by  decantation  with  a  little  cold  water,  dried,  and  then 
reduced  with  charcoal.  For  the  latter  purpose,  a  small  glass 
tube  is  taken,  having  the  figure  represented  in  the  margin ; 
white  German  glass,  free  from  lead,  is  to  be  preferred.  The 
arsenious  oxide,  or  what  is  suspected  to  be  such,  is  dropped 
to  the  bottom,  and  covered  with  splinters  or  little  fragments  of 
charcoal,  the  tube  being  filled  to  the  shoulder.  The  whole  is 
gently  heated,  to  expel  any  moisture  that  may  be  present  in  the  charcoal, 
and  the  deposited  water  wiped  from  the  interior  of  the  tube  with  bibulous 
paper.  The  narrow  part  of  the  tube  containing  the  charcoal,  from  a  to  6, 
is  now  heated  by  the  blowpipe  flame ;  when  red-hot,  the  tube  is  inclined,  so 
that  the  bottom  also  may  become  heated.  The  ars^enious  oxide,  if  present, 
is  vaporised,  and  reduced  by  the  charcoal,  and  a  ring  of  metallic  arsenic 
deposited  on  the  cool  part  of  the  tube.  To  complete  the  experiment, 
the  tube  may  be  melted  at  a  by  the  point  of  the  flame,  drawn  off,  and 
closed,  and  the  arsenic  oxidized  to  arsenious  oxide,  by  chasing  it  up 
and  down  by  the  heat  of  a  small  spirit-lamp.  A  little  water  may  after- 
wards be  introduced,  and  boiled  in  the  tube,  by  which  the  arsenious 
oxide   will  be  dissolved,  and  to  this  solution  the  tests  of  silver  nitrat^ 
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other  metal  (calcio-uranio  acetate,  for  example)  in  contact  with  the  ur. 
The  uranates  have,  for  the  most  part,  the  composition  'lUfi^.'SlJ).  Thfj 
arc  yellow,  insoluble  in  water,  soluble  in  acids.  Those  whicn  contain 
fixed  bases  are  not  decomposed  at  a  red  heat;  but  at  a  white  heat,  the 
uranic  oxide  is  reduced  to  uranoso-uranic  oxide,  or  by  ignition  in  hydro^fn 
to  uranous  oxide;  the  mass  obtained  by  this  last  method  easily  takes  lire 
in  contact  with  the  air.  Sodium  uranaUy  tlUfi^^'Safi^  is  much  used  for  im- 
parting a  yellowish  or  greenish  color  to  glass,  and  as  a  yellow  pigment  on 
the  glazing  of  porcelain.  The  **  uranium-yellow  "  for  these  purposes  is 
prepared  on  the  large  scale  by  roasting  pitchblende  with  lime  in  a  rcTer- 
bcratory  furnace;  treating  the  resulting  calcium  uranate  with  dilute  ral- 
phuric  acid;  mixing  the  polution  of  uranic  sulphate  thus  obtained  with 
sodium  carbonate,  by  which  the  uranium  is  first  precipitated  together  with 
other  metals,  but  then  redissoWed,  tolerably  free  from  impurity,  by  exreea 
of  the  allyili;  and  treating  the  liquid  with  dilute  sulphuric  acid  which' 
throws  down  hydrated  sodium  uranate,  2Vfi^.'Stkfi  6Aq.  Affirmmium 
uranate  is  but  slightly  soluble  in  pure  water,  and  quite  insoluble  in  water 
containing  sal-ammoniac;  it  may,  therefore,  be  prepared  by  precipitat- 
ing a  solution  of  Bodium-uranat«  with  that  salt.  It  occurs  in  conmeree 
as  a  fine  deep-yellow  pigment,  also  called  **  uranium  yellow."  This  Fait 
when  heated  to  redness  leaves  pure  uranoso-uranic  oxide,  and  may,  there- 
fore, serve  as  the  raw  material  for  the  preparation  of  other  uranium  com- 
pounds. 

Uranoua  salts  form  green  solutions,  from  which  cauttic  alkalies  throw  dowa 
a  red-brown  gelatinous  precipitate  of  uranous  hydrate;  alkaLne  eartonatri, 
green  precipitates,  which  dissolve  in  excess,  CFpecially  of  ammonium  car- 
bonate, forming  green  solutions.  Ammonium  sulphide  forms  a  black  preci- 
pitate of  uranous  sulphide;  hydrogen  sulphide^  no  precipitate. 

Uranic  salts  are  yellow,  and  yield  with  caustic  alkalies  a  yellow  precipitate 
of  alkaline  uranate,  insoluble  in  excess  of  the  reagent.  Alkaline  carlHmatft 
form  a  yellow  precipitate  consisting  of  a  carbonate  of  uranium  and  the 
alkuli-nietul,  soluble  in  excess,  especially  of  acid  ammonium  or  potassium 
carbonate.  Ammonium  sulphide  forms  a  black  precipitate  of  uranic  sul- 
phide. Hydrogen  sulphide  forms  no  precipitate,  but  reduces  the  itr«nic  to  a 
green  uranous  salt.     Potassium  ferrocyanide  forms  a  red-brown  precipitate. 

All  uranium  compounds,  fused  with  phosphorus  salt  or  borax  in  the  outer 
blowpipe  fiame,  produce  a  clear  yellow  glass,  which  becomes  greenish  on 
cooling.  In  the  inner  finmo  the  glass  assumes  a  green  color,  becoming  slili 
greener  on  cooling.  The  oxides  of  uranium  are  not  reduced  to  the  metallic 
state  by  fusion  with  sodium  carbonate  on  charcoal. 

Uranium  compounds  are  used,  as  already  observed,  in  enamel  painting, 
and  for  the  staining  of  glass,  uranous  oxide  giving  a  fine  black  color,  and 
uranic  oxide  a  delicate  greenish-yellow,  highly  fluorescent  glass.  Uranium 
salts  are  also  used  in  photography. 


nrDiuK. 

Atomic  weight,  74.     Symbol,  In. 

This  metal  has  been  recently  discovered  by  Reich  and  Richter,*  in  th« 
zinc-blende  of  Freiberg.  Its  spectrum  is  characterized  by  two  iijdigo- 
colored  lines,  one  very  bright  and  more  refrangible  than  the  blue  line  of 
strontium,  the  other  fainter  but  still  more  refrangible,  approaching  the  blue 
line  of  potassium.     It  was  the  production  of  this  peculiar  spectrum  that 

*  Journal  fUr  praktische  Ohemie,  Ixzzlx.  441. 
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led  to  the  discoTerj  of  the  metal.  The  ore,  consisting  chiefly  of  blende, 
galena,  and  arsenical  pyrites,  was  roasted  to  expel  sulphur  and  arsenic, 
then  treated  with  hydrochloric  acid,  and  the  solution  was  evaporated  to 
dryness.  The  impure  zinc  chloride  thus  obtained  exhibited,  when  ex- 
amined by  the  spectroscope,  the  first  of  the  indigo  lines  above  mentioned. 
The  chloride  was  afterwards  obtained  in  a  state  of  greater  purity,  and 
from  this  the  hydrate  and  the  metnl  itself  were  prepared.  The  first  line 
then  came  out  with  much  greater  brilliancy,  and  the  second  was  likewise 
observed 

Indium  has  hitherto  been  obtained  in  very  small  quantity  only,  so  that 
its  properties  have  been  but  imperfectly  studied.  It  appears,  however,  to 
belong  to  the  iron  group.  The  metal  itself  is  of  a  lead-gray  color,  soft, 
Tery  malleable,  and  marks  paper  like  lead.  It  dissolves  easily  in  hydro- 
chloric acid,  forming  a  deliquescent  chloride.  From  the  solution  of  this  salt, 
it  is  precipitated  by  ammonia  and  potash  as  a  hydrate,  insoluble  in  excess 
of  either  reagent.  Hydrogen  sulphide  does  not  precipitate  it  from  an  acid 
solation.  The  oxide  heated  on  charcoal  with  soda,  yields  a  metallic  globiile, 
which  when  reheated  oxidizes  to  a  yellowish  powder.  The  compounds  of 
indium  impart  a  violet  tint  to  the  flame  of  a  fiunsen's  burner. 


CLASS  v.— PENTAD  METALS. 


AHTUIONY. 
Atomic  weight,  122.     Symbol,  Sb  (Stibium). 

THIS  important  metal  is  found  chiefly  in  the  state  of  salphide.  The  ore 
is  freed  by  fusion  from  earthy  impurities,  and  is  afterwards  decomposed 
by  heating  with  metallic  iron  or  potassium  carbonate,  which  retains  the  sul- 
phur. Antimony  has  a  bluish-white  color  and  strong  lustre ;  it  is  extremely 
brittle,  being  reduced  to  powder  with  the  utmost  ease.  Its  specific  graTity 
is  6-8 ;  it  melts  at  a  temperature  just  short  of  redness,  and  boils  and  Tola- 
tilizes  at  a  white  heat.  This  metal  has  always  a  distinct  crystalline,  platy 
structure,  but  by  particular  management  it  may  be  obtained  in  crystals, 
which  are  rhombohedral.*  Antimony  is  not  oxidised  by  the  air  at  common 
temperatures ;  when  strongly  heated,  it  burns  with  a  white  flame,  producing 
oxide,  which  is  often  deposited  in  beautiful  crystals.  It  is  dissolved  by  hot 
hydrochloric  acid,  with  evolution  of  hydrogen  and  production  of  chloride. 
Nitric  acid  oxidizes  it  to  antimonic  acid,  which  is  insoluble  in  that  liquid. 

Antimony  forms  two  classes  of  compounds,  the  antimonious  compounds 
in  which  it  is  trivalent,  as  Sb^'^^Clj.  Sb^''^^,,  Sb'^-'gS.,  &c.,  and  the  antimonic 
compounds  in  which  it  is  quinquivalent,  as  Sb'Cl^,  bb^gOg,  SV^S^,  &c. 

Chlorides.  — The  trichloride  or  Antimonious  chloride,  SbCl,,  formerly  called 
butter  of  antimony,  is  produced  when  hydrogen  sulphide  is  prepared  by  the 
action  of  strong  hydrochloric  acid  on  antimonious  sulphide.  The  impure 
and  highly  acid  solution  thus  obtained  is  put  into  n  retort  and  distilled, 
until  each  drop  of  the  condensed  product,  on  falling  into  the  aqueous  liquid 
of  the  receiver,  produces  a  copious  white  precipitate.  The  receiver  is 
then  changed  and  the  distillation  continued.  Pure  antimonious  chloride 
then  passes  over,  and  solidifies  on  cooling  to  a  white,  highly  crystalline 
mass,  from  which  the  air  must  be  carefully  excluded.  The  same  compound 
is  formed  by  distilling  metallic  antimony  in  powder  with  2^  times  its  weight 
of  corrosive  sublimate.  Antimonious  chloride  is  very  deliquescent:  it  dis- 
solves in  strong  hydrochloric  acid  without  decomposition,  and  the  solution 
poured  into  water  gives  rise  to  a  white  bulky  precipitate,  which,  after  a 
short  time,  becomes  highly  crystalline,  and  assumes  a  pale  fawn  color. 
This  is  the  old  powder  of  Algaroth;  it  is  a  compound  of  trichloride  and  tri- 
oxido  of  antimony.  Alkaline  solutions  extract  the  chloride  and  leave  the 
oxide.     Finely  powdered  antimony  thrown  into  chlorine  gas  takes  fire. 

The  pentachloride,  or  Antimonic  chloride,  SbClj.  is  formed  by  passing  a 
stream  of  chlorine  gas  over  gently  hen  ted  metallic  antimony :  a  mixture  of 
the  two  chlorides  results,  which  may  be  separated  by  distillation.  The 
pentachloride  is  a  colorless  volatile  liquid,  which  forms  a  crystalline  com- 
pound with  a  small  portion  of  water,  but  is  decomposed  by  a  larger  quantity 
into  antimonic  and  hydrochloric  acids. 

•  On  eloctrolj'zinj?  n  nolntlon  of  1  pnrt  of  tartar  emetic  In  4  partii  of  nntimonlonii  chlorhle  \>y 
n  sniiill  Uuttery  of  two  e1«>n)ont«,  antiinnny  forming  the  )io»itiTe,  and  metnilU*  oo}>tM*r  the  ii^ft- 
tivo  |»oh«.  cruMtii  of  antimony  are  obtained  which  poKK^ra  the  remarkable  property  of  rxplfding 
and  catching  fire  when  craclced  or  broken  (Qore,  Proceedings  of  the  Royal  Society,  Ix.  TO). 
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AiTTixoinors  Htbridx.  Antimonettkd  Htdroovn.  Stibine,  SbH,  — 
A  compound  of  antimony  and  hydrogen  exists,  but  has  not  been  isolated : 
when  sine  is  put  into  a  solution  of  antimonious  oxide,  and  sulphuric  acid 
added,  part  of  the  hydrogen  combines  with  the  antimony,  and  the  resulting 
gas  barns  with  a  greenish  flame,  giving  rise  to  white  fumes  of  antimonious 
oxide.  When  the  gas  is  conducted  through  a  red-hot  glass  tube  of  narrow 
dimensions,  or  burned  with  a  limited  supply  of  air,  as  when  a  cold  porcelain 
surface  is  pressed  into  the  flame,  metallic  antimony  is  deposited.  On  pass- 
ing a  current  of  antimonetted  hydrogen  through  a  solution  of  silver  nitrate, 
a  black  precipitate  is  obtained,  containing  SbAg^:  from  the  formation  of 
this  compound  it  is  inferred  that  the  gas  has  the  composition  SbH,,  analo- 
goas  to  ammonia,  phosphine,  and  arsine.  There  are  also  several  analogous 
compounds  of  antimony  with  alcohol-radicals,  such  as  trimelkylttilnne, 
Sb(CH,),.  tnethyUtibine,  Sb{Q^li^)^  &c. 

Osinss. — Antimony  forms  two  oxides,  Sb^Og  and  Sb.O,,  analogous  to  the 
chlorides,  the  first  being  a  basic  and  the  second  an  acid  oxide,  also  an  inter- 
mediate neutral  oxide,  Sb204. 

The  trtoziJej  or  Antimoniotu  oxide,  Sb^O^,  occurs  native,  though  rarely,  as 
vaUaUmU  or  vhite  antimony ,  in  shining  white  trimetric  crystals ;  also  as 
smarmoniiu  in  regular  octohedrons :  it  is  therefore  dimorphous.  It  may  be 
prepared  by  several  methods:  as  by  burning  metallic  antimony  at  the  bot- 
tom of  a  large  red-hot  crucible,  in  which  case  it  is  obtained  in  brilliant  crys- 
tals ;  or  by  pouring  solution  of  antimonious  chloride  into  water,  and  digest- 
ing the  resulting  precipitate  with  a  solution  of  sodium  carbonate.  The  oxide 
thas  produced  is  anhydrous ;  it  is  a  pale  buff-colored  powder,  fusible  at  a 
red  heat,  and  volatile  in  a  closed  vessel,  but  in  contact  with  air  at  a  high 
temperature,  it  absorbs  oxygen  and  becomes  changed  into  the  tetroxide. 
M'ben  boiled  with  cream  of  tartar  (acid  potassium  tartrate),  it  is  dissolved, 
and  the  solution  yields  on  evaporation  crystals  of  tartar-emetic,  which  is 
almost  the  only  antimnnious  salt  that  can  bear  admixture  with  water  with- 
out decomposition.  An  impure  oxide  for  this  purpose  is  sometimes  pre- 
pared by  carefully  roasting  the  powdered  sulphide  in  a  reverberatory  furnace, 
nace,  and  raising  the  heat  at  the  end  of  the  process,  so  as  to  fuse  the  product : 
it  has  long  been  known  under  the  name  of  gltut  of  antimony,  or  vilrum  anti- 
monn. 

x\ntimonions  oxide  likewise  acts  as  a  feeble  acid,  forming  salts  called  an- 
timonites,  which  however  are  very  unstable. 

The  tetroxide,  or  Antimonoeo-antimonic  oxide,  ShjO^.Sibfi^,  occurs  native 
as  cervanlite  or  antimony  ochre,  in  acicular  crystals,  or  as  a  crust  or 
powder.  It  is  the  ultimate  product  of  the  oxidation  of  the  metal  by 
heat  and  air:  it  is  a  grayish-white  powder,  infusible,  and  non-volatile,  in- 
soluble in  water  and  acids,  except  when  recently  precipitated.  On  treot- 
ing  it  with  tartaric  acid  (acid  potassium  tartrate),  antimonious  oxide  is  dis- 
solved, antimonic  acid  remaining  behind;  and  when  a  solution  of  the 
tetroxide  in  hydrochloric  acid  is  gradually  dropped  into  a  large  quantity 
of  water,  antimonious  oxide  is  precipitated,  while  antimonic  acid  remains 
dissolred.  From  these  and  similar  reactions  it  has  been  inferred  that  the 
tetroxide  is  a  compound  of  the  trioxide  and  pentoxide.  On  the  other  hand, 
it  is  sometimes  regarded  as  a  distinct  oxide,  because  it  dissolves  without 
decomposition  in  alkalies,  forming  salts  (often  called  antimonifes),  which  may 
be  obtained  in  the  solid  state.  Two  potassium  salts,  for  example,  have  been 
formed,  containing  Sb^O^.  K,0  and  2Sb204  .  K^O;  and  a  calcium  salt  2S\>fi^, 
3CaO,  occurs  as  a  natural  mineral  called  romeine.  These  salts  may,  how- 
ever, be  regarded  as  compounds  of  antimonates  and  antimonites  (contain- 
ing SbjO,) :  thus,  2(Sb,04 .  K,0)  =  (Sb.Oj .  K,0)  +  (Sb,0, .  KgO). 

"^^t  pentoxide,  or  Antimonic  oxide,  Sb^O^,  is  formed  as  an  insoluble  hydrate 
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when  strong  nitric  acid  is  made  to  act  upon  metallic  antimony;  and,  on  ex- 
posing this  hydrate  to  a  heat  short  of  redness,  it  yields  the  anhydrous  pen- 
tozide  as  a  pale  straw-colored  powder,  insoluble  in  water  and  acid.  It  i* 
decomposed  by  a  red-heat,  yielding  the  tetrozide. 

Hydrated  antimonio  oxide  is  likewise  obtained  by  decomposing  astimorij 
pentachloride  with  an  excess  of  water,  hydrochloric  acid  being  formed  at 
the  same  time.  The  hydrated  oxides,  or  acids,  produced  by  the  two  pio- 
cesses  mentioned,  differ  in  many  of  their  properties,  and  especially  in  ficir 
deportment  with  bases.  The  acid  produced  by  nitric  acid,  called  antim<*i.if 
acid^  is  monobasic,  producing  normal  salts  of  the  form  Sb,0^ .  M^O.  rr 
SbO,M,  and  acid  salts  containing  2^\}fi^.  M,0,  or  SbjO^  2SbO,M.  The  other, 
called  metantimonic  acid,  is  bibasic,  forming  normal  uilts  containing  Sb/>j. 
2M2O,  or  Sb^OfM^,  and  acid  salts,  containing  2Sb305.  2M,0,  or  SbjO^.M^O, 
so  that  the  acid  mctantimonates  are  isomeric  or  polymeric,  witii  the  norojal 
antimonatcs.  Among  the  metantimonates  an  acid  potassium  salt,  SbjO^. 
KgO .  70H,  is  to  be  particularly  noticed  as  yielding  a  precipitate  wiih 
sodium  salts:  it  is,  indeed,  the  only  reagent  which  precipitates  sodium.  It 
is  obtained  by  fusing  antimonio  oxide  with  an  excess  of  potash  in  a  nlrer 
crucible,  dissolving  the  fused  mass  in  a  small  quantity  of  cold  water,  acd 
allowing  it  to  crystallize  in  a  vacuum.  The  crystals  consist  of  nonn&l 
potassium  metantimonate,  Sb.^05.  2K0,  and,  when  dissolved  in  pure  water, 
are  decomposed  into  free  potash  and  acid  metantimonate. 

Sulphides.  The  triaulphide  or  Antimonious  sulphide^  SbJSy,  occurs  natire 
as  a  lead-gray,  brittle  substance,  having  a  radiated  crystalline  texture,  and 
is  easily  fusible.  It  may  be  prepared  artificially  by  melting  together  anti- 
mony and  sulphur.  When  a  solution  of  tartar-emetic  is  precipitated  hj 
hydrogen  sulphide,  a  brick-red  precipitate  falls,  which  is  the  same  sab- 
stance  combined  with  a  little  water.  If  the  precipitate  be  dried  and  gentl)' 
heated,  the  water  may  be  expelled  without  other  change  of  color  than  a 
little  darkening,  but  at  a  higher  temperature  it  assumes  the  color  and 
aspect  of  the  native  sulphide.  This  remarkable  change  probably  indicates 
a  passage  from  the  amorphous  to  the  crystalline  condition. 

When  powdered  antimonious  sulphide  is  boiled  in  a  solution  of  caustic 
potash,  it  is  dissolved  antimonious  oxide,  and  potassium  sulphide  being 
produced,  the  latter  unites  with  an  additional  quantity  of  antimonious  sul- 
phide to  form  a  soluble  sulphur-salt,  in  which  the  potassium  sulphide  is  the 
sulphur  base,  and  the  antimonious  sulphide  is  the  sulphur  acid: 

8K,0  -f  2Sb,S,  =  Sb,0,  -f  SbaS, .  8K^. 

The  antimonious  oxide  separates  in  small  crystals  from  the  boiling  solu- 
tion when  the  latter  is  concentrated,  and  the  sulphur-salt  dissolves  an  extra 
portion  of  antimonious  sulphide,  which  it  again  deposits  on  cooling  as  a 
red  amorphous  powder,  containing  a  small  admixture  of  antimonious  oxide 
and  potassium  sulphide.  This  is  the  kertnea  mineral  of  the  old  chemists. 
The  filtered  solution  mixed  with  an  acid  gives  a  potassium  salt,  hydrogen 
sulphide,  and  precipitated  antimonious  sulphide.  Kermes  may  also  be 
made  by  fusing  a  mixture  of  5  parts  antimonious  sulphide  and  3  of  dry 
sodium  carbonate,  boiling  the  mass  in  80  parte  of  water,  and  filtering  wLile 
hot:  the  compound  separates  on  cooling.  The  compounds  of  antimonious 
sulphide  with  basic  sulphides  are  called  ttdph-antimoniten ;  many  of  them 
occur  as  natural  minerals.  For  example :  einkenite,  Sb2S3.PbS :  feather  ore, 
Sbj,S,.2PbS ;  boulangerite,  Sb^Sj  ^PbS ;  fahlore,  or  tetrahedrite,  Sb2Sj.4CUjS. 
the  antimony  being  more  or  less  replaced  by  arsenic,  and  the  copper  by 
silver,  iron,  zinc,  and  mercury. 

The  pentasulphide  or  Antimonic  sulphide^  SbjS^,  formerly  called  sulphur  au- 
raittm,  is  also  a  sulphur  acid,  forming  salts  called  sulpkaniimonalesj  most  of 
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which  haye  the  composition  Sb^j.  3M,S,  or  SbS^My  analogous  to  the  normal 
prihopho^phatea  and  arsenates.  When  18  parts  finely  powdered  antimoni- 
0U9  sulphide,  17  parts  dry  sodium  carbonate,  13  parts  slaked  lime,  and  8J 
parts  sulphur,  arc  boiled  for  some  hours  in  a  quantity  of  water,  calcium 
carbonate,  sodium  antimonate,  antimony  pentasulphide,  and  sodium  sulphide 
are  produced.  The  first  is  insoluble,  and  the  second  partially  so:  the  two 
last-named  bodies,  on  the  contrary,  unite  to  form  soluble  sodium  sulph- 
Mtimonate.  SbS.Na,,  which  may  be  obtained  by  evaporation  in  beautiful 
crystal-.  A  solution  of  this  substance,  mixed  with  dilute  sulphuric  acid, 
furnishes  sodium  j'ulphate,  hydrogen  sulphide,  and  antimony  pentasulphide, 
which  falls  as  a  golden-yellow  flocculent  precipitate. 

The  sulphantimonates  of  the  alkali-metals  and  alkaline  earth-metals  are 
Terr  soluble  in  water,  and  crystallize  for  the  most  part  with  several  mole- 
cttle««  of  water.  Those  of  the  heavy  metals  are  insoluble,  and  are  obtained 
bj  precipitation. 

The  few  salts  of  antimony  solnble  in  water  arc  distinctly  characterized 
by  the  orange  or  brick-red  precipitate  with  hydrogen  sulphide,  which  is  solu- 
ble in  a  solution  of  ammonium  sulpliide,  and  again  precipitated  by  an  acid. 

Antimonious  chloride,  as  already  observed,  is  decomposed  by  water, 
yielding  a  precipitate  of  oxy chloride.  The  precipitate  dissolves  in  hy- 
drochloric acid,  and  the  resulting  solution  gives,  with  potash,  a  white  pre- 
cipitate of  trioxide,  soluble  in  a  large  excess  of  the  reagent;  with  ammoma 
the  same,  insoluble  in  excess ;  with  potassium  or  sodium  carbonate,  also  a  pre- 
cipitate of  trioxide,  which  dissolves  in  excess,  especially  of  the  potassium 
salt,  but  reappears  after  a  while.  If,  however,  the  solution  contains  tartaric 
acid,  the  precipitate  formed  by  potash  dissolves  easily  in  excess  of  the  alkali ; 
ammonia  forms  but  a  slight  precipitate,  and  the  precipitates  formed  by,  al- 
kaline carbonates  are  insoluble  in  excess.  The  last-mentioned  characters 
are  likewise  exhibited  by  a  solution  of  tartar-emetic  (potassio-antimonious 
tartrate).  Zinc  and  iron  precipitate  antimony  from  its  solutions  as  a  black 
powder.  Copper  precipitates  it  as  a  shining  metallic  film,  which  may  bo 
dissolved  off  by  potassium  permanganate,  yielding  a  solution  which  will 
give  the  characteristic  red  precipitate  with  hydrogen  sulphide. 

Solid  antimony  compounds  fused  upon  charcoal  with  sodium  carbonate  or 
potassium  cyanide,  yield  a  brittle  globule  of  antimony,  a  thick  white  fume 
being  at  the  same  time  given  off,  and  the  charcoal  covered  to  some  distance 
around  with  a  white  deposit  of  oxide. 

Besides  its  application  to  medicine,  antimony  is  of  great  importance  in 
the  arts,  inasmuch  as,  in  combination  with  lead,  it  forms  type-metal.  This 
alloy  expands  at  the  moment  of  solidifying,  and  takes  an  exceedingly  sharp 
impression  of  the  mould.  It  is  remarkable  that  both  its  constituents  shrink 
under  similar  circumstances,  and  make  very  bad  castings. 

Britannia  metal  is  an  alloy  of  9  parts  tin  and  1  part  antimony,  frequently 
also  containing  small  quantities  of  copper,  zinc  or  bismuth.  An  alloy  of 
12  part!»  tin,  1  part  antimony,  and  a  small  quantity  of  copper,  forms  a 
superior  kind  of  pewter.  Alloys  of  antimony  with  tin,  or  tin  and  lead,  are 
now  much  used  for  machinery-bearings  in  place  of  gun-metal.  Alloys  of 
antimony  with  nickel  and  with  silver  occur  as  natural  minerals. 

Antimony  trisulphide  enters  into  the  composition  of  the  blue  signal-lights 
used  at  sea.* 

*  Blue  or  Bangui  light : 

i)ry  itotBMiuin  nitrate       ...  0  parts 

Sulphnr 2     " 

Antimony  trisulphide       .....        1  part. 
All  in  fine  powiler,  and  intimately  mixed. 
86 
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ABSEHIG. 

Atomic  weight,  76.     Symbol,  As. 

Absenic  is  sometimes  found  native:  it  occurs  in  considerable  quantity  as 
a  constituent  of  many  minerals,  combined  with  metals,  sulphur  and  oxygen. 
In  the  oxidized  state  it  has  been  found  in  rery  minut«  quantity  in  a  great 
many  mineral  waters.  The  largest  proportion  is  derived  from  the  roasting 
of  natural  arsenides  of  iron,  nickel,  and  cobalt.  The  operation  is  con- 
ducted in  a  reverberatory  furnace,  and  the  volatile  products  are  eonden<<fd 
in  a  long  and  nearly  horizontal  chimney,  or  in  a  kind  of  tower  of  brick- 
work, divided  into  numerous  chambers.  The  crude  arsenious  oxide  thuj^ 
produced  is  purified  by  sublimation,  and  then  heated  with  charcoal  in  a 
retort ;  the  metal  is  reduced,  and  readily  sublimes. 

Arsenic  has  a  steel-gray  color,  and  high  metallic  lustre:  it  is  crystallise 
and  very  brittle ;  it  tarnishes  in  the  air,  but  may  be  preserved  unchanged 
in  pure  water.  Its  density,  in  the  solid  state,  is  5*7  to  5  9.  When  heated, 
it  volatilizes  without  fusion,  and  if  air  be  present,  oxidizes  to  arsenious 
oxide.  Its  vapor  density,  compared  with  that  of  hydrogen,  is  150,  which 
is  twice  its  atomic  weight,  so  that  its  molecule  in  the  gaseous  state,  like 
that  of  phosphorus,  occupies  only  half  the  volume  of  a  molecule  of  hy- 
drogen (p.  228).     The  vapor  has  the  odor  of  garlic. 

Arsenic  combines  with  metals  in  the  same  manner  as  sulphur  and  phos- 
phorus, which  it  resembles,  especially  the  latter,  in  many  respects:  indeed, 
it  is  often  regarded  as  a  metalloid. 

Arsenic,  like  nitrogen,  behaves  in  most  respects  as  a  triad  element,  sot 
being  capable  of  uniting  with  more  than  three  atoms  of  any  one  monad 
element.  Thus,  it  forms  the  compounds  AsHg,  ^sCl,,  AsBr,.  &c.,  but  so 
compound  analogous  to  the  pentachloride  of  phosphorus  or  antimony.  But 
just  as  ammonia,  NH,,  cnn  take  up  the  elements  of  hydrochloric  acid  to 
form  sal-ammoniac,  NH4CI,  in  which  nitrogen  appears  quinquivalent,  so 
likewise  can  arsenetted  hydrogen  or  arsinc,  As'^'H^  unite  with  the  chlorides 
bromides,  &c.  of  the  radicals,  methyl,  ethyl,  &c.,  to  form  salts  in  which 
the  arsenic  appears  to  be  quinquivalent,  e.  g. : 

Araenethylium  bromide   ,     .     .     As'HjfC-Hj^Br.,  &c. 
Arsenmethylium  chloride  .     .     .  A8'H,(CHj)Cl. 

In  like   manner,    arsentrimethyl,   As^^^(CHs>j,   unites  with   the  chlorides 
of  methyl  and  ethyl,  forming  the  compounds  As'(CH,)4Cl  and  As'(CHj), 

(CjH5)Cl. 

Arsenic  likewise  forms  two  oxides,  viz  .  arsenious  oxide,  As'^'jOy  and 
arsenic  oxide,  As^O^.  with  corresponding  acids  and  salts,  analogous  to  phos- 
phorous and  phosphoric  compounds;  the  arsenates,  in  particular,  are  ifo- 
morphous  with  the  other  phosphates,  and  resemble  them  closely  in  many 
other  respects. 

Arsenious  Chloride,  AsClg.  —  This,  the  only  known  chloride  of  arsenic, 
is  produced,  with  emission  of  heat  and  light,  when  powdered  arsenic  i? 
thrown  into  chlorine  gas.  It  is  prepared  by  distilling  n  mixiuie  of  I  part 
of  metallic  arsenic  and  6  parts  of  corrosive  sublimate,  and  by  distil- 
ling arsenious  oxide  with  strong  hydrochloric  acid,  or  with  a  mixture  oi 
common  salt  and  sulphuric  acid.  It  is  a  colorless,  volatile,  highly  poisonous 
liquid,  decomposed  by  water  into  arsenious  and  hydrochloric  acids.  Arff 
nious  iodide,  Asl.,  is  formed  by  heating  metallic  arsenic  with  iodine:  it  h  a 
deep-red  crystalline  substance,  capable  of  sublimation.  The  corresponding 
bromide  and  fluoride  are  both  liquid. 
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ITtdbides.  —  Arsenic  forms  two  hydrides,  containing  2  and  8  atoms  of 
hydrogen  combined  M'ith  1  atom  of  arsenic. 

The  trihydnde,  Arsenioug  hydride,  Artenetted  hydrogen  or  Araine,  AsH,, 
analogous  in  composition  to  ammonia,  phospbine,  and  stibine,  is  obtained 
pure  by  the  action  of  strong  hydrochloric  acid  on  an  alloy  of  equal  parts  of 
£.DC  and  arsenic,  and  is  produced  in  greater  or  .less  proportion  whenever 
hjdrogcn  is  i^et  free  in  contact  with  arsenious  acid.  Arsenetted  hydrogen 
i^  a  colorless  gas,  of  specific  gravity  2*095,  slightly  soluble  in  water,  and 
ijaring  the  smell  of  garlic.  It  burns,  when  kindled,  with  a  blue  flame, 
genevating  arsenious  acid.  It  is  also  decomposed  by  transmission  through 
a  red-bot  tube.  Many  metallic  solutions  are  precipitated  by  this  substance. 
When  inhaled,  it  is  exceedingly  poisonous,  even  in  very  minute  quantity. 

AsH, 

The  dihydride^  AsH,,  or  rather  As^H^  =1        ,  is  produced  by  passing  an 

AsH, 
electric  current  through  water,  the  negative  pole  being  formed  of  metallic 
arsenic:  also  when  potassium  or  sodium  arsenide  is  dissolved  in  water. 
It  Li  a  brown  powder,  which  gives  off  hydrogen  when  heated  in  a  close 
Te«tsel,  and  burns  when  heated  in  the  air.  It  is  analogous  in  composition 
to  arsendimethyl  or  cacodyl,  As2(CIl3)4. 

Arsexious  Oxide,  Acid,  and  Salts.  —  Arsenioun  oxide^  As,Og,  also  called 
vhUe  oxide  of  arsenic,  is  produced  in  the  manner  already  mentioned.  It  is 
commooly  met  with  in  the  form  of  a  heavy,  white,  glassy-looking  substance, 
with  smooth  conchoidal  fracture,  which  has  evidently  undergone  fusion. 
When  freshly  prepared  it  is  .often  transparent,  but  by  keeping  becomes 
opaque,  at  the  same  time  slightly  diminishing  in  density,  and  acquiring  a 
greater  degree  of  solubility  in  water.  100  parts  of  that  liquid  dissolve  at 
100°  about  11-5  parts  of  the  opaque  variety:  the  largest  portion  separates, 
however,  on  cooling,  leaving  about  8  parts  dissolved:  the  solution,  which 
contains  arteniowt  aeid,  feebly  reddens  litmus.  Cold  water,  agitated  with 
powdered  arsenious  oxide,  takes  up  a  still  smaller  quantity.  Alkalies  dis- 
solve this  substance  freely,  forming  arsenites ;  compounds  with  ammonia, 
baryta,  strontia,  lime,  magnesia,  and  manganous  oxide  also  have  been 
formed:  the  silver  salt  is  a  beautiful  lemon-yellow  precipitate.  The  ar- 
Olenites  are,  however,  very  unstable,  and  have  been  but  little  examined. 
Those  which  have  the  composition  AsO^M,  or  As^Oj.  M^O,  are  generally  re- 
garded as  normal  salts:  there  are  also  arsenites  containing  As^OgM^.  or 
As,(),.2M,0,  and  AsOjM,,  or  As^O*  8M,0,  besides  acid  salts.  Arsenious 
oxide  is  easily  soluble  in  hot  hydrochloric  acid.  Its  vapor  is  colorless  and 
inodorons,  and  it  crystallizes  on  solidifying  in  brilliant  transparent  octo- 
hedrons.  The  oxide  or  acid  itself  has  a  feeble  sweetish  and  astringent 
taBte,  and  is  a  most  fearful  poison. 

Arsenic  Oxids,  Acid,  and  Salts.  —  "When  powdered  arsenious  oxide  is 
dissolved  in  hot  hydrochloric  acid,  and  oxidized  by  the  addition  of  nitric 
acid,  the  latter  being  added  as  long  as  red  vapors  are  produced,  the  whole 
then  cautiously  evaporated  to  complete  dryness,  and  the  residue  heated  to 
low  redness,  arsenic  oxide,  As^Og,  remains  in  the  form  of  a  white  anhydrous 
mass  which  h.i8  no  action  upon  litmus.  When  strongly  heated,  it  is  resolved 
into  arsenious  oxide  and  free  oxygen.  In  water  it  dissolves  slowly  but  com- 
pletely, giving  a  highly  acid  solution,  which,  on  being  evaporated  to  a 
syrupy  consistence,  deposits,  after  a  time,  hydrated  crystals  of  arsenic  acid, 
containing  2A80^Il, .  OIL,  or  As/^j.SOIIj  +  Aq.  These  crystals,  when 
heated  to  100°,  give  off  their  water  of  crystallization  and  leave  trihydrated 
memeacid,  AsO^Hj,  or  As.Oj.  30H,:  at  ]  40°— 100°  the  dihydrate,  As.p^H^, 
or  ASjO,.  20Hy  is  left ;  and  at  260°  the  monohydrate,  AsO,H,  or  As^O,,  OH,. 
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The  aqueous  Bolutions  of  the  three  hydrates  and  of  the  anhydrous  oxide 
exhibit  exactly  the  same  characters,  and  all  contain  the  trihydrate,  the 
other  hydrates  being  immediately  converted  into  that  compound  when  dis- 
solved in  water ;  in  this  respect  (he  hydrates  of  arsenic  acid  differ  essen- 
tially from  those  of  phosphoric  acid  ^p.  285). 

Arsenic  acid  is  a  very  powerful  acid,  forming  salts  isomorphous  with  the 
corresponding  phosphates :  it  is  also  tribasic.  A  todium  arsenate^  AsO^HNa^ 
rJOHj*  undistinguishable  in  appearance  from  common  sodium  phosphate, 
may  be  prepared  by  adding  the  carbonate  to  a  solution  of  arsenic  acid,  until 
an  alkaline  reaction  is  apparent,  and  then  evaporating.  This  salt  also 
crystallizes  with  7  molecules  of  water.  Another  arsenate,  AsO^Na,.  12011^ 
is  produced  when  sodium  carbonate  in  excess  is  fused  with  arsenic  acid,  or 
when  the  preceding  salt  is  mixed  with  caustic  soda.  A  third,  AsO^H^Na. 
OFI,,  is  made  by  substituting  an  excess  of  arsenic  acid  for  the  solution  of 
alkali.  The  alkaline  arsenates  which  contain  basic  water  lose  the  latter  at 
a  red  heat,  but,  unlike  the  phosphates,  recover  it  when  again  dissolveti. 
The  arsenates  of  the  alkalies  are  soluble  in  water:  those  of  the  earths  and 
other  metallic  oxides  are  insoluble,  but  are  dissolved  by  acid.  The  precip- 
itate with  silver  nitrate  is  highly  characteristic  of  arsenic  acid:  it  is  red- 
dish-brown. 

Sulphides.  —  Two  sulphides  of  arsenic  are  known.  The  dutdphide^  As^S,. 
occurs  native  as  Realgar.  It  is  formed  artificially  by  heating  arsenic  acid 
with  the  proper  proportion  of  sulphur.  It  is  an  orange-red,  fusible,  and 
volatile  substance,  employed  in  painting,  and  by  the  pyrotechnist  in  making 
tchite  fire.  The  trisulphide  or  arteniout  ttdphide^  AsS,,  also  occurs  native  as 
Orpimenlf  and  is  prepared  artificially  by  fusing  arsenic  with  the  appropriate 
quantity  of  sulphur,  or  by  precipitating  a  solution  of  arsenious  acid  with 
hydrogen  sulphide.  It  is  a  golden-yellow,  crystalline  substance,  fusible, 
and  volatile  by  heat.  A  cold  solution  of  arsenic  acid  is  not  immediately 
precipitated  by  hydrogen  sulphide,  but  after  some  hours  the  solution,  satu- 
catcd  with  hydrogen  sulphide,  yields  a  light-yellow  deposit  of  sulphur,  the 
arsenic  acid  being  reduced  to  arsenious  acid,  w^hich  is  then  gradually  con- 
verted into  lemon-yellow  arsenious  sulphide.  In  boiling  solutions  the  pre- 
cipitation takes  place  immediately.  The  mixture  of  sulphur  and  trisulphide, 
thus  produced,  was  formerly  regarded  as  a  pentasulphide,  corresponding 
to  arsenic  acid. 

The  disulphide  and  trisulphide  of  arsenic  are  sulphur-acids,  uniting  with 
other  metallic  sulphides  to  form  sulphur-salts.  Those  of  the  disulphide  are 
called  hypo»ulpkarsenitea ;  they  are  but  little  known.  The  salts  of  arsenious 
sulphide  are  called  aulpkar seniles.  Their  composition  may  be  represented 
by  that  of  the  potassium  salts,  viz.,  As^S^K,  or  AsS,  K^;  As^^K^,  or 
AsjSj.  2K2S,  and  ASS3K3,  or  As^Sj.  3K^S.  Of  these  the  bibasic  salts  are  the 
most  common.  The  sulpharsenitcs  of  the  alkali-metals  and  alkaline  earth- 
metals  are  soluble  in  water,  and  may  be  prepared  by  digesting  arsenious 
sulphide  in  the  solutions  of  the  corresponding  hydrates  or  sulph-hydrate»: 
the  rest  are  insoluble  and  are  obtained  by  precipitation.  Sulphur-salts, 
called  sufpharsenateSf  corresponding  in  composition  to  the  arsenates;  are  pro- 
duced, in  like  manner,  by  digesting  the  mixture  of  sulphur  and  arsenious 
sulphide,  precipitated,  as  above  mentioned,  from  arsenic  acid,  in  solutions 
of  alkaline  hydrates  or  sulph-hydrates ;  also  by  passing  gaseous  hydrogen 
sulphide  through  solutions  of  arsenates.  There  are  three  sulph-arsenutes 
of  potassium,  containing  AsS^K,  or  As.^Sj.KjS:  As^S^K^,  or  AmjS'j.:2K^: 
and  AsS^K^,  or  ASgS^.  SK^S.  The  sulph-arsenates  of  tlie  alkali  luetals  and 
alkaline  earth-mctals  are  soluble  in  water ;  the  rest  are  insoluble  and  are 
obtained  by  precipitation. 
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Arsenious  acid  is  distinguished  by  characters  which  cannot  bo  misun- 
derstood. 

Siivrr  nitratf,  mixed  with  a  solution  of  arsenious  ncid  in  water,  occnsions 
no  precipitate,  or  merely  a  faint  cloud:  but  if  a  little  nlkali,  or  a  drop  of 
ammoni:!,  be  added,  a  yellow  precipitate  of  silTcr  arsenite  immediately  lulls. 
The  precipitate  is  exceedingly  soluble  in  excess  of  ammonia;  tliat  suit- 
stance  must,  therefore,  be  added  with  great  caution ;  it  is  likewise  very 
soluble  in  nitric  acid. 

Cuprie  sulphate  gives  no  precipitate  with  solution  of  arsenious  acid,  until 
the  addition  has  been  made  of  a  little  alkali,  when  a  brilliant  yeltow-grcen 
precipitate  (Scheele's  green)  falls,  which  also  is  very  soluble  in  excess  of 
ammonia. 

Hpdrogat  nUpfude  passed  into  a  solution  of  arsenious  acid,  to  which  a  few 
drops  of  hydrochloric  or  sulphuric  acid  have  been  added,  occasions  the  pro- 
duction of  a  copious  bright-yellow  precipitate  of  orpiment,  which  is  dis- 
soWed  with  facility  by  ammonia,  and  reprecipitated  by  acids. 

Solid  arsenious  oxide,  heated  by  the  blowpipe  in  a  narrow  glass  tube  with 
small  fragments  of  dry  charcoal,  affords  a  sublimate  of  metallic  arsenic  in 
the  shape  of  a  brilliant  steel-gray  metallic  ring.  A  portion  of  this,  detached 
by  the  point  of  a  knife,  and  heated  in  a  second  glass  tube,  with  access  of 
air,  yields,  in  its  turn,  a  sublimate  of  colorless,  transparent,  octohedral 
crystals  of  arsenious  oxide. 

AU  these  experiments,  which  Jointly  give  demonstrative  proof  of  the 
presence  of  the  substance  in  question,  may  be  performed  with  perfect  pre- 
cision and  certainty  upon  exceedingly  small  quantities  of  material. 

The  detection  of  arsenious  acid  in  complex  mixtures,  con- 
tain'ng  organic  matter  and  common  salt,  as  beer,  gruel,  soup,        ^'ff'  174* 
&c  ,  or  the  fluid  contents  of  the  stomach  in  cases  of  poison        (<|f ~^ 
ing.  is  a  very  far  more   difficult  problem,  but  one  which  is, 
un  ortunately,  often  required  to  be  solved.     These  organic 
miitters  interfere  completely  with  the  liquid  tests,  and  render 
iheir  indications  worthless.     Sometimes  the  diliiculty  may  be 
eluded  by  a  diligent  search  in  the  suspected  liquid,  and  in  the 
vessel  containing  it,  for  fragments  or  powder  of  solid  arseni- 
ous oxide,  which,  from  its  small  degree  of  solubility,  often 
escape  solution,  and  from  the  high  density  of  the  substance, 
may  be  found  at  the  bottom  of  the  vessels  in  which  the  fluids 
are  contained.     If  anything  of  the  kind  be  found,  it  may  be 
washed  by  decantation  with  a  little  cold  water,  dried,  and  then 
reduced  with  charcoal.     For  the  latter  purpose,  a  small  glass 
tube   is  taken,  having  the  figure  represented  in  the  margin ; 
white  German  glass,  free  from  lead,  is  to  be  preferred.     The 
arsenious  oxide,  or  what  is  suspected  to  be  such,  is  dropped 
to  the  bottom,  and  covered  with  splinters  or  little  fragments  of 
charcoal,  the  tube  being  filled  to  the  shoulder.     The  whole  is 
gently  heated,  to  expel  any  moisture  that  may  be  present  in  the  charcoal, 
and  the  deposited  water  wiped  from  the  interior  of  the  tube  with  bibulous 
paper.     The  narrow  part  of  the  tube  containing  the  charcoal,  from  a  to  6, 
is  now  heated  by  the  blowpipe  flame ;  when  red-hot,  the  tube  is  inclined,  so 
that  the  bottom  also  may  become  heated.     The  art^enious  oxide,  if  present, 
is  vaporised,  and  reduced  by  the  charcoal,  and  a  ring  of  metallic  arsenic 
deposited  on  the  cool  part  of   the  tube.     To  complete  the  experiment, 
the  tube  may  be  melted  at  a  by  the  point  of  the  flame,  drawn  off,  and 
closed,   and   the   arsenic   oxidised  to  arsenious  oxide,  by  chasing  it  up 
and  down  by  the  heat  of  a  small  spirit-lamp.     A  little  water  may  after- 
wards  be   introduced,  an^   boiled   in   the  tube,  by  which  the  arsenious 
oxide  will  be  dissolved,  and  to  this  solution  the  tests  of  silver  nitrate 
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and  ammonia,  copper  sulphate  and  ammonia,  and  hydrogen  sulphide,  mtj 
be  applied. 

IVhen  the  search  for  solid  arsenions  oxide  fails,  the  liquid  itself  must  he 
examined;  a  tolerably  limpid  solution  must  be  obtained,  from  which  the 
arsenic  may  be  precipitated  by  hydrogen  sulphide,  and  the  orpiment  col- 
lected, and  reduced  to  the  metallic  state.  It  is  in  the  first  part  of  this 
operation  that  the  chief  difficulty  is  found:  such  organic  mixtures  refuse  to 
filter,  or  filter  so  slowly  as  to  render  some  method  of  acceleration  indispen- 
snble.*  Boiling  with  a  little  caustic  potash  or  acetic  acid  will  sometimes 
effect  this  object.  The  following  is  an  outline  of  a  plan  which  has  been 
found  successful  in  a  variety  of  cases  in  which  a  very  small  quantity  of 
iirsenious  acid  had  been  purposely  added  to  an  organic  mixture: — Oil  of 
Titriol,  itself  perfectly  free  from  arsenic,  is  mixed  with  the  saspeeted 
liquid,  in  the  proportion  of  about  a  measured  ounce  to  a  pint,  having  been 
previously  diluted  with  a  little  water,  and  the  whole  is  boiled  in  a  flask  for 
half  an  hour,  or  until  a  complete  separation  of  solid  and  liquid  matter 
becomes  manifest.  The  acid  converts  any  starch  that  may  be  present  into 
dextrin  and  sugar:  it  completely  coagulates  albuminous  substances,  and 
casein,  in  the  case  of  milk,  and  brings  the  whole  in  a  very  short  time  into 
a  state  in  which  filtration  is  both  easy  and  rapid.  Through  the  filtered 
solution,  when  cold,  a  current  of  hydrogen  sulphide  is  transmitted,  and  the 
liquid  is  warmed,  to  facilitate  the  deposition  of  the  arsenious  sulphide, 
which  falls  in  combination  with  a  large  quantity  of  organic  matter,  which 
often  communicates  to  it  a  dirty  color-  This  is  collected  upon  a  small  filter, 
and  washed.  It  is  next  transferred  to  a  capsule,  and  heated  with  a  raix> 
ture  of  nitric  and  hydrochloric  acids,  by  which  the  organic  impurities  are 
in  great  measure  destroyed,  and  the  arsenic  oxidised  to  arsenic  acid.  The 
solution  is  evaporated  to  dryness,  the  soluble  part  taken  up  by  dilute  hy- 
drochloric acid,  and  then  the  solution  saturated  with  sulphurous  acid, 
whereby  the  arsenic  acid  is  reduced  to  the  state  of  arsenious  acid,  the  sul- 
phurous being  oxidized  to  sulphuric  acid.  The  solution  of  arsenious  acid 
may  now  be  precipitated  by  hydrogen  sulphide  without  any  difficulty.  The 
liquid  is  warmed,  and  the  precipitate  washed  by  decantAtion..  and  dried. 
It  is  then  mixed  with  black  jlur,  and  heated  in  a  small  glass  tube,  similar  to 
that  already  described,  with  similar  precautions;  a  ring  of  reduced  arsenic 
is  obtained,  which  may  be  oxidized  to  arsenious  oxide,  and  further  ex- 
amined. The  black  flux  is  a  mixture  of  potassium  carbonate  and  charcoal, 
obtnineil  by  calcining  cream  of  tartar  in  a  close  crucible;  the  alkali  trans- 
forms the  sulphide  into  arsenious  acid,  the  charcoal  subsequently  effecting 
the  dooxidation.  A  mixture  of  anhydrous  sodium  carbonate  and  charcoal 
may  be  substituted  with  advantage  for  the  common  black  flux,  as  it  is  less 
hygroscopic. 

Other  methods  of  proceeding,  different  in  principle  from  the  foregoing, 
have  been  proposed,  as  that  of  the  late  Mr.  Marsh,  which  is  exceedingly 
delicate.  The  suspected  liquid  is  acidulated  with  sulphuric  acid,  and 
placed  in  contact  with  metallic  zinc;  the  hydrogen  reduces  the  arsenious 
acid  and  combines  with  the  arsenic,  if  any  be  present.  The  gas  is  burned 
at  a  jet,  and  a  piece  of  glass  or  porcelain  held  in  the  flame,  when  any  ad- 
mixture of  arsenetted  hydrogen  is  at  once  known  by  the  production  of  a 
brilliant  black  metallic  spot  of  reduced  arsenic  on  the  porcelain:  or  the 
gas  is  passed  through  a  glaps  tube  heated  at  one  or  two  places  to  redness, 
whereby  the  arsenetted  hydrogen  is  decomposed,  a  ring  of  metallic  arsenic 
appearing  behind  the  heated  portion  of  the  tube. 

It  has  been  observed  (page  419)  that  antimonetted  hydrogen  gives  a 
similar  result.  In  order  to  distinguish  the  two  substances,  the  gas  may  be 
passed  into  a  solution  of  silver  nitrate.     Both  gases  give  rise  to  a  black 
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prccipitate«  which,  in  the  case  of  antimonetted  hydrogen,  consists  of  silver 
antimonide,  Ag^Sb,  whilst  in  tho  case  of  arsenetted  hydrogen,  it  is  pure 
silrer,  the  arsenic  being  then  converted  into  arsenious  acid,  which  com- 
bines with  a  portion  of  silver  oxide.  The  silver  arsenite  remains  dissolved 
in  tlie  nitric  acid  which  is  liberated  by  the  precipitation  of  the  silver,  and 


Fig,  176. 


may  be  thrown  down  with  its  characteristic  yellow 
color  by  adding  ammonia  to  the  liquid  filtered  off  from 
the  black  precipitate.  The  black  silver  antimonide, 
when  carefully  washed,  and  subsequently  boiled  with 
a  solution  of  tartaric  acid,  yields  a  solution  containing 
antimODy  only,  from  which  hydrogen  sulphide  sepa- 
rates the  characteristic  orange-yellow  precipitate  of  an- 
timonious  sulphide. 

A  convenient  form  of  Marsh*s  instrument  is  that 
shown  in  fig.  175:  it  consists  of  a  bent  tube,  having  two 
bulbs  blown  upon  it,  fitted  with  a  stop-cock  and  nar- 
row jet.  Slips  of  sine  are  put  into  the  lower  bulb, 
which  is  afterwards  filled  with  the  liquid  to  be  ex- 
amined. On  replacing  the  stop-cock,  closed,  the  gas 
collects  and  forces  the  liquid  into  the  upper  bulb, 
which  then  acts  by  its  hydrostatic  pressure,  and  ex- 
pels the  gas  through  the  jet  so  soon  as  the  stop-cook  is 
opened.  It  must  be  borne  in  mind  that  both  common 
zinc  and  sulphuric  acid  often  contain  traces  of  arsenic. 
Mr.  Bloxam*  has  proposed  an  important  modification 
of  Marsh's  process  for  the  detection  of  arsenic  and  antimony  in  organic 
substances,  which  is  based  on  the  behavior  of  solutions  of  these  metals 
under  the  influence  of  the  electric  current.  Antimony  is  deposited  in  the 
metallic  state,  without  any  disengagement  of  antimonetted  hydrogen,  while 
arsenic  is  evolved  as  arsenetted  hydrogen,  which  may  be  recognized  by  the 
characters  already  indicated. 

A  slip  of  copper-foil  boiled  in  the  poisoned  liquid,  previously  acidulated 
with  hydrochloric  acid,  withdraws  the  arsenic,  and  becomes  covered  with 
a  white  alloy.  By  heating  the  metal  in  a  glass  tube,  the  arsenic  is  expelled, 
and  oxidized  to  arsenious  acid.     Thiv  is  called  fteiusch's  test. 


BISMTTTH. 
Atomic  weight,  210.     Symbol,  Bi. 

Bismuth  is  found  chiefly  in  the  metallic  state,  disseminated  through 
▼arious  rocks,  from  which  it  is  separated  by  simple  exposure  to  heat.  The 
metal  is  highly  crystalline  and  very  brittle:  it  has  a  reddish-white  color, 
and  a  density  of  9*9.  Crysttils  of  great  beauty  may  be  obtained  by  slowly 
cooling  a  considerable  mass  of  this  substance  until  solidification  has  com- 
menced, then  piercing  the  crust,  and  pouring  out  the  fluid  residue.  Bis- 
muth melts  at  about  260°  C.  (oOO^  F. ),  and  volatilizes  at  a  high  temperature. 
It  is  remarkable  as  being  the  most  diamagnetic  of  all  known  bodies.  It  is 
little  oxidized  by  the  air,  but  burns  when  strongly  heated  with  a  bluish 
flame.    Nitric  acid,  somewhat  diluted,  dissolves  it  freely. 

Bismuth  forms  three  classes  of  compounds,  in  which  it  is  bi-.  tri-,  and 
quinquivalent  respectively.  The  tri-corapounds  are  the  most  stable  an«l 
the  most  numerous.  The  only  known  compounds  in  which  bismuth  is  quiu- 
qairalent  are  indeed  the  pentoxide,  Bi^Oj,  together  with  the  corresponding 
icid  and  metallic  salts.     Nevertheless,  bismuth  is  regarded  as  a  pentad,  on 
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account  of  the  analogy  of  its  compound  with  those  of  antimony.  SeTeral 
bismuth  compounds  are  known  in  which  the  metal  is  apparently  biTalent, 
but  really  trivalent,  as : 

Bi^^Cl,  Bi^^O 

Bi,Cl4,  or    I  ;     Bi,0„  or    |       ,  &c. 

Bi^'Cl,  Bi'^0 

Chlorides.  —  The  trichloride  or  Bismuthous  chloride  is  formed  when  bis- 
muth is  heated  in  a  current  of  chlorine  gas,  and  passes  over  as  a  white, 
easily  fusible  substance,  which  readily  attracts  moisture  from  the  ur,  and 
is  converted  into  a  crystallized  hydrate.  The  same  substance  is  produced 
when  bismuth  is  dissolved  in  nitromuriatic  acid,  and  the  solution  evapo- 
rated. Bism'ithous  chloride  dissolves  in  water  containing  hydrochloric 
acid,  but  is  decomposed  by  pure  water,  yielding  a  white  precipitate  of  ozy- 
chloride : 

BiCl,  -1-  011,  =  BiClO  +  2HC1. 

The  dichloride,  Bi,Cl4,  produced  by  heating  the  trichloride  with  metallic 
bismuth,  is  a  brown,  crystalline,  easily  fusible  mass,  readily  decomposed 
by  water.  At  a  high  temperature  it  is  resolved  into  the  trichloride  u:d 
metallic  bismuth. 

Oxides. — The  trioxide,  or  Bismuthout  oxide,  is  a  straw-yellow  powder,  ob- 
tained by  gentlylgniting  the  neutral  or  basic  nitrate.  It  is  fusible  at  a 
high  temperature,  and  in  that  state  acts  towards  siliceous  matter  as  a 
powerful  dux. 

The  hydrate,  Bi'^^'HOj,  or  Bi^O, .  OH,,  is  obtained  as  a  white  precipiUie 
when  a  solution  of  the  nitrate  is  decomposed  by  an  alkali.  Both  the  hy- 
drate and  the  anhydrous  oxide  dissolvo  in  the  stronger  acids,  forming  the 
bisrauthous  salts,  which  have  the  composition  Bi^^^R,,  where  R  denotes  an 
acid  radical,  e.  ff.,  Bi^^-'Cl,.  Bi^^^(NO,)a.  Bi'''j(S04)j,  Many  of  these  salts 
crystallize  well,  but  cannot  exist  in  solution  unless  an  excess  of  acid  is 
present.  On  diluting  the  solutions  with  water,  a  basic  salt  is  precipitated, 
and  an  acid  salt  remains  in  solution. 

The  normal  nitrate,  Bi'^'(N05)8 .  60 H^  or  BijOg .  3N,0, .  lOOH,  formf  Urge 
transparent  colorless  crystals,  which* are  decomposed  by  water  in  the  man- 
ner just  mentioned,  yielding  an  acid  solution  containing  a  little  bismuth, 
and  a  brilliant  white  crystalline  powder,  which  varies  to  a  certain  extent 
in  composition  according  to  the  temperature  and  the  quantity  of  water  em- 
ployed, but  frequently  consists  of  a  basic  nitrate,  Bi,0, .  N^Oj .  2011^.  or 
Bi^^-'(N03),.Bij^0,.30H,  A  solution  of  bismuth  nitrate,  free  from  any 
great  excess  of  acid,  poured  into  a  large  quantity  of  cold  water,  yields  an 
insoluble  basic  nitrate,  very  similar  in  appearance  to  the  above,  but  con- 
taining rather  a  large  proportion  of  bismuth  oxide.  This  basic  nitrate  was 
once  extensively  employed  as  a  cosmetic,  but  it  is  said  to  injure  the  skin, 
rendering  it  yellow  and  leather-like.     It  is  used  in  medicine. 

Bismuth  pentoxide,  or  Bismuihic  oxide. — When  bismuth  trioxide  is  sus- 
pended in  a  strong  solution  of  potash,  and  chlorine  passed  through 
the  liquid,  decomposition  of  water  ensues,  hydrochloric  acid  being  formed, 
and  the  trioxide  being  converted  into  the  pentoxide.  To  separate  anjr 
trioxide  that  may  have  escaped  oxidation,  the  powder  is  treated  with 
dilute  nitric  acid,  when  the  bismuthio  oxide  is  left  as  a  reddish  powder, 
which  U  insoluble  in  water.  This  substance  combines  with  bases,  but  the 
compounds  are  not  very  well  known.     According  to  Arppe,  there  is  an  acid 

potassium  bismuthatc  containing  Bi^KHOg.  or  2Bi^05.  i  ^^.    The  pentoxide 

when  heated  loses  oxygen,  an  intemicdiate  oxide,  Bi,04,  being  formed, 
which  may  be  considered  as  bismuthouji  h.snaiihate,  2[!^\fi^  =  Bi^O,.  Bi,0,. 
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Bisranth  ia  sufficiently  characterized  by  the  decomposition  of  the  nitrate 
and  chloride  and  by  water,  and  by  the  black  precipitate  of  biHmuth  sulphide, 
insoluble  in  axnmonium^sulphide,  which  its  solutions  yield  when  exposed  to 
the  action  of  hydrogen  sulphide. 

A  mixture  of  8  parts  of  bismuth,  5  parts  of  lead,  and  8  of  tin,  is  known 
under  the  name  of  fusible  metal,  and  is  employed  in  taking  impressions  from 
dies  and  for  other  purposes :  it  melts  below  100°C. 

Bismuth  is  used,  in  conjunction  with  antimony,  in  the  construction  of 
thermo-electric  piles,  these  two  metals  forming  the  opposite  extremes  of  the 
thermo-electric  series. 


YAHADITJM. 

Atomic  weight,  51*2.     Symbol,  V. 

Vakadium  is  found,  in  small  quantity,  in  some  iron  ores,  and  also  as  vana" 
dale  of  lead.  It  has  also  been  discorered  in  the  iron  slag  of  Staffordshire, 
and  recently,  by  Roscoe,*  in  larger  quantity  in  the  copper- bearing  beds  at 
Alderley  Edge  and  Mottram  St.  Andrews,  in  Cheshire.  Metallic  vanadium 
remains  when  vanadium  nitride  is  heated  to  whiteness  in  ammonia  gas,  but 
it  does  not  appear  to  have  been  obtained  pure.  It  is  described  as  a  white, 
brittle  substance,  having  a  strong  lustre,  and  very  refractory  in  the  fire. 

Vanadium  was,  till  lately,  regarded  as  a  hesad  metal,  analogous  to  tang- 
sien  and  molybdenum;  but  Roscoe  has  shown  that  it  is  a  pentad,  belonging 
to  the  phosphorus  and  arsenic  group.  This  conclusion  is  based  upon  the 
composition  of  the  oxides  and  oxychlorides;  and  on  the  isomorphism  of  the 
vanadates  with  the  phosphates.  The  chlorides,  and  other  compounds  of 
vanadium  with  monad  chlorous  elements,  have  not  yet  been  obtained. 

Vanadium  Oxidks. — Vanadium  forms  four  oxides,  represented  by  the 
formulae,  V.O,,  V^O,,  V^O^,  ^2^5*  At^^logous  therefore  to  the  oxides  of  nitro- 
gen, excepting  that  the  vanadium  oxide  analogous  to  nitrogen  monoxide  is 
not  yet  known. 

The  dioxide,  Vfi^  which  was  regarded  by  Berzelius  as  metallic  vanadium, 
is  obtained  by  reducing  either  of  the  higher  oxides  with  potassium,  or  by 
passing  the  vapor  of  vanadium-oxy trichloride,  (VOCl,),  mixed  with  excess 
of  hydrogen,  through  a  combustion-tube  containing  red-hot  charcoal.  As 
obtained  by  the  second  process,  it  forms  a  light-gray  glittering  powder,  or 
a  metallically  lustrous  crystalline  crust,  having  a  specific  gravity  of  3  G4, 
brittle,  very  difficult  to  fuse,  and  a  conductor  of  electricity.  When  heatrd 
to  redness  in  the  air,  it  takes  fire  and  burns  to  black  oxide.  It  is  insoluble 
in  sulphuric,  hydrochloric,  and  hydrofluoric  acid,  but  dissolves  easily  in 
nitromuriatio  acid,  forming  a  dark-blue  liquid. 

The  dioxide  may  be  prepared  in  solution  by  the  action  of  nascent  hydro- 
gen (evolved  by  metallic  zinc,  cadmium,  or  sodium-amalgam),  on  a  solution 
of  vanadic  acid  in  sulphuric  acid.  After  passing  through  all  shades  of  blue 
and  green,  the  liquid  acquires  a  permanent  lavender  tint,  and  then  contains 
the  vanadium  in  solution  as  dioxide,  or  as  ht/po-vanadioug  suit.  This  com- 
pound absorbs  oxygen  more  rapidly  than  any  other  known  agent,  and 
bleaches  indigo  and  other  vegetable  colors  as  quickly  as  chlorine. 

Vanadium  dioTiide  may  be  regarded  as  entering  into  many  vanadium 
compounds,  as  a  bivalent  radical  (just  like  uranyl  in  the  uranic  compounds), 
and  may  therefore  ba  called  vanadf/l. 

Vanadium  trioxide,  V^O,,  or  Vanadyl  monoxide,  {yfi^'^O^  is  obtained  by 
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igniting  the  pentoxide  in  hydrogen  gas,  or  in  a  crucible  lined  with  char- 
coal.    It  is  a  black  powder,  with  an  almost  metallic  lustre,  and  infusible; 
by  pressure  it  may  be  united  into  a  coherent  mass  which  conducts  elec- 
tricity.    When  exposed  warm  to  the  air,  it  glows,  absorbs  oxygen,  and  is 
converted  into  pentoxide.     At  ordinary  temperatures,   it  slowly  absorbs 
oxygen,  and  is  converted  into  tetroxide.     By  ignition  in  chlorine  gas  it  is 
converted  into  vanadyl-trichloride  and  vanadium-pentoxide.    It  is  insoluble 
in  acids,  but  may  be  obtained  in  solution  by  the  reducing  action  of  nascent 
hydrogen  (evolved  from  metallic  magnesium)  on  a  solution  of  vanadicacid 
in  sulphuric  acid. 

Vanadious  oxide f  Vanadium  tetroxide^  or  Vanadyl  dioxide^  Xfi^^  (^fiij^r — 
This  oxide  is  produced,  either  by  the  oxidation  of  the  dioxide  or  trioxide, 
or  by  the  partial  reduction  of  the  pentoxide.     By  allowing  the  trioxide  to 
absorb  oxygen  at  ordinary  temperatures,  the  tetroxide  is  obtained  in  blue 
shining  crystals.     It  dissolves  in  acids,  the  more  easily  in  proportion  a^  it 
has  been  less  strongly  ignited,  forming  solutions  of  vanadwus  saUa^  which 
have  a  bright  blue  color.     The  same  solutions  are  produced  by  the  action 
of  moderate  reducing  agents,  such  as  sulphurous,  sulph-hydric,  or  oxalic 
acid,  upon  vanadic  acid  in  solution :  also  by  passing  air  through  acid  solu- 
tions of  the  dioxide  till  a  permanent  blue  color  is  attained.    With  the  hydrai^a 
and  normal  carbonates  of  the  fixed  alkalies,  they  form  a  grayish-white  precipi- 
tate of  hydratcd  vanadious  oxide,  which  dissolves  in  a  moderate  excess  of 
the  rengcnt,  but  is  reprccipitated  by  a  large  excess  in  the  form  of  a  vanadite 
of  the  alkali-metal. 

Amtnonia  in  excess  produces  a  brown  precipitate,  soluble  in  pure  water, 
but  insoluble  in  water  containing  ammonia. — Ammonivm  sulphide  iovms^  % 
black-brown  precipitate,  soluble  in  excess.  —  Tincture  of  galls  forms  a  finely 
divided  black  precipitate,  which  gives  to  the  liquid  the  appearance  of  ink. 

Vanadium-tctroxide  also  unites  with  the  more  basic  metallic  oxides, form- 
ing salts  called  vanadites,  all  of  which  are  insoluble,  except  those  of  tbe 
alkali-metals.  The  solutions  of  the  alkaline  vanaditcs  are  brown,  but  wben 
treated  with  hydrogen  sulphide^  they  acquire  a  splendid  red-purple  color, 
arising  from  the  formation  of  a  sulphur-salt. — .^jetic/^  color  them  bine,  bj 
forming  a  double  vanadious  salt ;  tincture  of  galls  colors  them  blackish-blue. 
The  insoluble  vanaditps,  when  moistened  or  covered  with  water,  become 
green,  and  are  converted  into  vanadates. 

Vanadium  pentoxide^  Vanadic  oxide^  or  Vanadyl  trioxide^  ^fih  ^==  {^fi-i)^r 
This  is  the  highest  oxide  of  vanadium.  It  may  be  prepared  from  native 
lead  vanadate.  This  mineriil  is  dissolved  in  nitric  acid,  and  the  lead  and 
arsenic  are  precipitated  by  hydrogen  sulphide,  which  at  the  same  time  re- 
duces the  vanadium  pentoxide  to  tetroxide.  The  blue  filtered  solution  is 
then  evaporated  to  dryness,  and  the  residue  digested  in  ammonia,  whicli 
dissolves  out  the  vanadic  oxide  reproduced  during  evaporation.  In  this 
solution  a  lump  of  sal-ammoniac  is  put;  as  that  salt  dissolves,  ammonittm 
vanadate  subsides  as  a  white  powder,  being  scarcely  soluble  in  a  saturatctl 
Solution  of  ammonium  chloride.  By  exposure  to  a  temperature  below  red- 
ness in  an  open  crucible,  the  ammonia  is  expelled,  and  vanadic  oxide  left. 
By  a  similar  process,  Rosco  has  prepared  vanadic  oxide  from  a  lime  precip- 
itate containing  2  per  cent,  of  vanadium,  obtained  in  working  up  a  poor 
cobalt  ore  from  Mottram  in  Cheshire. 

Vanadium  pentoxide  has  a  reddish -yellow  color,  and  dissolves  in  10()0 
parts  of  water,  forming  a  light  yellow  solution.  It  dissolves  also  in  the 
stronger  acids,  forming  red  or  yellow  solutions,  some  of  which  yield  crj'S- 
tallinc  conipnun'ls  (vanadic  salts)  by  spontaneous  evaporation.  It  unites, 
however,  with  bases  more  readily  than  with  acids,  forming  salts  called  rimtf- 
daten.  When  fiiHcd  with  alkaline  carbonates,  it  eliminates  3  molecules  of  car- 
bon dioxide,  forming  orthovanadates  analogous  to  the  orthop'iosphates;  thus: 
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8(00, .  No,0)       -h      VgOj      ==      V.O, .  SNa^O      +      aCO^ 
Sodium  car-  Vanadio  Sodium  ortho-  Carbon 

bonate.  oxide.  vanadate.  dioxide. 

It  also  forms  mefavanadates  analogous  to  the  metaphospkates,  and  two 
series  of  acid  vanadates  or  anhydro vanadates,  viz. : 

Lead  orthovanadate     .     (V04)j,Pb^^,  or    V.,0, .  SPb^^'O 

Strontium  metavanadate  (V03),Sr''^  or    V^Oj  .    Sr^^'O 

Strontium  divanadate       (V03)2Sr^^  .    VjOg  or  2V2O,  .    Sr'^O 
Strontium  trivanadate      (VO,),Sr''^  .  Vffi^  or  SV^Og  .    Sr^^O. 

Lead  metavanadate  occurs  native  as  deehcnite;  the  orthovanadate  also, 
combined  with  lead  chloride,  as  vanadinite  or  vanadite,  PbCl,.  3(V04)2l*bj, 
the  mineral  in  which  vanadium  was  first  discovered.  Descloiztte  is  a  di- 
plumbic  vanadate,  ¥,0^ Pb'^^,  or  V^Og .  2PbO,  analogous  in  composition  to  a 
pyrophosphate. 

The  metavanadates  are  mostly  yellow ;  some  of  them,  however,  especially 
those  of  the  alkaline  earth-metals,  and  of  sine,  cadmium,  and  lead,  are  con- 
verted by  warming — either  in  the  solid  state,  or  under  water,  or  in  aque- 
ous solution,  especially  in  presence  of  a  free  alkali  or  alkaline  carbonate  — 
ioto  isomeric  colorless  salts.  The  same  transformation  takes  place  also, 
though  more  slowly,  at  ordinary  temperatures.  The  metavanadates  of  al- 
kali-metal are  colorless.  The  acid  vanadates  are  yellow,  or  yellowish-red, 
both  in  the  solid  state  and  in  solution :  hence  the  solution  of  a  neutral  vana- 
date becomes  yellowish-red  on  addition  of  an  acid.  The  metavanadates  of 
ammonium,  the  alkali-metals,  barium,  and  lead,  are  but  sparingly  soluble 
in  water;  the  other  metavanadates  are  more  soluble.  The  alkaline  vana- 
dates are  more  soluble  in  pure  water  than  in  water  containing  free  alkali 
or  salt:  hence  they  are  precipitated  from  their  solutions  by  addition  of 
alkali  in  excess,  or  of  salts.  The  vanadates  are  insoluble  in  alcohol.  The 
aqut'oas  solutions  of  vanadates  form  yellow  precipitates  with  antimony,  cop- 
per, lead,  and  mercury  salts:  with  tincture  of  galls,  they  form  a  deep  black 
liquid,  which  has  been  proposed  for  use  as  vanadium  ink. 

Hydrogen  sulphide  reduces  them  to  vanadites,  changing  the  color  from  red 
or  yellow  to  blue,  and  forming  a  precipitate  of  sulphur.  Ammonium  sulphide 
colors  the  solutions  brown -red,  and,  on  adding  an  acid,  a  light-brown  pre- 
cipitate is  formed  consisting  of  vanadic  sulphide  mixed  with  sulphur,  the 
liquid  at  the  same  time  turning  blue.  Hydrochloric  acid  decomposes  the 
vanadates,  with  evolution  of  chlorine  and  formation  of  vanadium  tetroxide. 

VASADitnt  OxTCHLORiDES.  or  VANADYL  CHLORIDES. — Four  of  thcsc  Com- 
pounds are  known,  viz..  VOCl,,  VOCl,,  VOCl,  and  V^OjCl. 

The  oxy trichloride,  VO'^'Cls  (formerly  regarded  as  vanadium  trichloride), 
is  prepared : 

(ij  By  the  notion  of  chlorine  on  the  trioxide: 

SV,0,        +        CI,,        =        Vfi,        +        4V0CV 

(2)  By  burning  the  dioxide  in  chlorine  gas,  or  by  passing  that  gas  over  an 
i^rnited  mixture  of  the  trioxide,  tetroxide,  or  pentoxide,  and  condensing  the 
▼apors  in  a  cooled  U-tube. 

Vanadium  oxytrichloride,  or  vanadyl  trichloride,  is  a  golden-yellow  liquid, 
of  specific  gravity  1-841  at  14-6°  C.  (68°  F.).  Boiling  point,  127°  C.  (260° 
^  )•  Vapor-density,  by  experiment,  G -108;  by  calculation,  6  119.  When 
exposed  to  the  air,  it  emits  cinnabar-colored  vapors,  being  resolved  by  the 
tnolsture  of  the  air  into  hydrochloric  and  vanadic  acids.  It  oxidizes  mag- 
nej*ium  and  sodium.  It«  vapor,  passed  over  perfectly  pure  carbon  at  a  red 
^eat,  yields  carbon  dioxide;  and  when  passed,  together  with  hydrogen. 
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through  a  red-hot  tube,  yields  vanadium  trioxide.     These  reactions  Bhow 
that  the  compound  contains  oxygen. 

The  other  oxychlorides  of  vanadium  are  solid  bodies  obtained  by  partial 
reduction  of  the  oxytrichloride  with  zinc  or  hydrogen. 

Vanadium  Sulphides.  —  Two  of  these  compounds  are  known,  analogous 
to  the  tetroxide  and  pentoxide ;  both  are  sulphur  acids.  ¥he  tetramlpkidf, 
or  Vanadious  tulphide^  ^2^4*  i^  ^  black  substance  forme4  by  heating  the 
tetroxide  to  redness  in  a  stream  of  hydrogen  sulphide;  also  as  a  hydrate 
by  dissolving  a  vanadious  salt  in  excess  of  an  alkaline  monosulphide,  an<l 
precipitating  with  hydrochloric  acid.  The  pentasulphide,  or  Vanadic  ml- 
phidcy  V,8f,  is  formed  in  like  manner  by  precipitation  from  an  alkaline 
vanadate. 

Vanadium  Nitrides. — The  mononilride,  VN,  is  formed  by  heating  the 
compound  of  vanadium  oxytrichloride  with  ammonium  chloride  to  white- 
ness in  a  current  of  ammonia  gas.  It  is  a  greenish-white  powder  unalter- 
able in  the  air.  The  dinitridty  VN^*  or  V^N^,  is  obtained  by  exposing  the 
same  double  salt  in  ammonia  gas  to  a  moderate  heat.  It  is  a  black  powder 
strongly  acted  upon  by  nitric  acid.  These  compounds  are  of  importance, 
as  they  promise  to  yield  metallic  vanadium,  and  thence  also  the  chlorides, 
bromides,  &c.,  of  that  metal. 


All  vanadium  compounds  heated  with  borax  or  phosphorus-salt  in  the 
outer  blow-pipe  flame  produce  a  clear  bead,  which  is  colorless  if  tbe 
quantity  of  vanadium  is  small,  yellow  when  it  is  large ;  in  the  inner  flame 
the  bead  acquires  a  beautiful  green  color. 

Vanadic  and  chromic  acids  are  the  only  acids  whose  solutions  are  red: 
they  are  distinguished  from  one  another  by  the  vanadic  acid  becoming  blue, 
and  the  chromic  acid  green,  by  deoxidation. 

When  a  solution  of  vanadic  acid,  or  an  acidulated  solution  of  an  alkaline 
vanadate,  is  shaken  up  with  ether  containing  hydrogen  dioxide,  the  aqueous 
solution  acquires  a  red  color,  like  that  of  ferric  acetate,  while  the  ether 
remains  colorless.  This  reaction  will  serve  to  detect  the  presence  of  1  pan 
of  vanadic  acid  in  40,000  parts  of  liquid.  The  other  reactions  of  vanadium 
in  solution  have  already  been  described. 


TAKTALITK. 
Atomic  weight.  182.     Symbol,  Ta, 

I'his  metal  was  discovered,  in  1803,  by  Ekeberg,  in  two  Swedish  mineral, 
tantalite  and  yttrotantalite.  A  very  similar  metal,  columbittm,  had  b<^oii 
discovered  in  the  preceding  year  by  Ilatchett,  in  colunibite  from  Massachu- 
setts; and  Wollaston,  in  1807,  on  comparing  the  compounds  of  these  meials. 
concluded  that  they  were  identical,  an  opinion  which  was  for  many  year^ 
received  as  correct:  but  their  separate  identity  has  been  completely  estab- 
lished by  the  researches  of  H.  Rose  (commenced  in  1846),  who  gave  to  tiic 
metal  from  the  American  and  Bavarian  columbites,  the  name  Niohivm^  by 
which  it  is  now  universally  known.  More  recently,  Marignac  has  shown 
that  nearly  all  tantalites  and  columbites  contain  both  tantalum  and  niobium 
(or  colnmbium),  some  tantalates,  from  Kimito,  in  Finland,  being,  how- 
ever, free  from  niobium,  and  some  of  the  Greenland  columbites  containinjj 
only  the  latter  metal  unmixed  with  tantalum.  In  all  these  minerals  tan- 
taluni  c](ist8  as  a  tantq-late  of  ifQn  and  manganese;  yttrotantalite  is  essen- 
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t:a11j  ft  Untalate  of  yttrium,  containing  also  uranium,  calcium,  iron,  and 
other  metald      Tantalum  is  also  contained  in  some  varieties  of  wollrum. 

Metallic  tantalum  is  obtained  t)y  heating  the  fluotantulate  of  potassium 
or  sodium  with  metallic  sodium  in  a  well-covered  iron  crucible,  and 
washing  out  the -soluble  salts  with  water.  It  is  a  black  powder,  which, 
when  heated  in  the  air,  burns  with  a  bright  light,  and  is  converted,  though 
with  difficulty,  into  tantalic  oxide.  It  is  not  attacked  by  sulphuric,  hydro- 
chloric, nitric,  or  even  nitromuriatic  acid.  It  dissolves  slowly  in  warm 
aqueous  hydrofluoric  acid,  with  evolution  of  hydrogen,  and  very  rapidly 
in  a  mixture  of  hydrofluoric  and  nitric  acids. 

Tantalum,  in  its  principal  compounds,  is  quinquivalent,  the  formula  of 
tantalic  chloride  being  TaCl^.  that  of  tantalic  fluoride,  TaFg  and  that  of 
Untalie  oxide  (which,  in  combination  with  bases,  forms  lue  tantalate?), 
Ta,0,.  There  is  also  a  tantalous  oxide,  said  to  have  the  composition  TaO,, 
and  a  corresponding  sulphide,  TaS,. 

Tantalic  Chlobidb. — TaClj  is  obtained,  as  a  yellow  sublimate,  by  ignit- 
ing an  intimate  mixture  of  tantalic  oxide  and  charcoal  in  a  stream  of 
chlorine  gas.  It  begins  to  volatilise  at  144^0.  {291^  F.)  and  melts  to  a 
jellow  liquid  at  221*»  C.  (480*»  F.)  The  vapor-density  between  'SiA)°  and 
440^  (662''  and  S'149  F.)  has  been  found  by  Deville  and  Troost  to  be  12-42 
referred  to  air,  or  178-9  referred  to  hydrogen:  by  calculation,  for  the 
normal  condensation  to  two  volumes,  it  is  179-7o.  Tantalic  chloride  is  de- 
composed by  water,  yielding  hydrochloric  and  tantalic  acids;  but  the  de- 
composition is  not  complete  even  at  the  boiling-heat. 

Tastalic  Flvobidb,  TaFg.  is  obtained  in  solution  by  treating  tantalic  hy- 
drate with  aqueous  hydrofluoric  acid.  The  solution,  mixed  with  alkaline 
fluorides,  forms  soluble  cry  stall!  zable  salts,  called  tanfalofluorides  or  fluotan- 
talatti.  The  potassium  salt,  TaK^F,  or  TaF,.2KF,  crysUllizes  in  monoclinic 
prisms,  isomorphous  with  the  correspondiug  fluoniobate. 

Taittalic  Oxidb,  Ta,O0,  is  produced  when  tantalum  burns  in  the  air,  also  by 
the  action  of  water  on  tantalic  chloride,  and  may  be  separated  as  a  hydrate 
from  the  tantalates  by  the  action  of  acids.  It  may  be  prepared  from  tan- 
t&lite,  which  is  a  tantalate  of  iron  and  manganese,  by  fusing  the  finely  pul- 
verised mineral  with  twice  its  weight  of  potassium  hydrate,  digesting  the 
fused  mass  in  hot  water,  and  supersaturating  the  filtered  solution  with  hy- 
drochloric or  nitric  acid :  hydrated  tantalic  oxide  is  then  precipitated  in 
white  flocks,  which  may  be  purified  by  washing  with  water.* 

Anhydrous  tantalic  oxide,  obtained  by  igniting  the  hydrate  or  sulphate, 
is  a  white  powder,  varying  in  density  from  7*022  to  8*204,  according  to  the 
temperature  to  which  it  has  been  exposed.  Heated  in  ammonia  gas  it 
yields  tantalum  nitride:  heated  with  carbon  bisulphide,  it  is  converted  into 
lautalum  bisulphide.  It  is  insoluble  in  all  acids,  and  can  be  rendered  solu- 
ble only  by  fusion  with  potassium  hydrate  or  carbonate. 

Hydrated  Tantalic  Oxide,  or  Tantalic  acid,  obtained  by  precipitating  an 
aqueous  solution  of  potassium  tantalate  with  hydrochloric  acid,  is  a  snow- 
white  bulky  powder,  which  dissolves  in  hydrochloric  and  hydrofluoric  acids; 
when  strongly  heated,  it  glows  and  gives  off"  water. 

Tantalic  oxide  unites  with  basic  metallic  oxides,  forming  the  tantalates, 
which  are  represented  by  the  formuloe.  Trt^O^.  M,0  nnd  3Ta,05.4M,0,  the 
first  including  the  native  tantalates.  such  as  ferrous  tantalate,  and  the 
second  certain  easily  crystallizable  tantalates  of  the  alkali-metals.  The 
t&ntalates  of  the  alkali- metals  are  soluble  in  water,  and  are  formed  by 
fusing  tantAlic  oxide  with  caustic  alkalies:  those  of  the  earth-metals  and 
iieavy  metals  are  insoluble,  and  are  formed  by  precipitation. 

*  For  more  complete  methods  of  prepnmtlon,  fee  Watte's  Dictionnry  orChemlttry,  r,  1.  v.  p.  e06. 
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Tantalum  dioxide^  or  Tantalous  oxtde,  TaO.,  may  be  represented  by  tbe 

Ta»'0, 
formula  I  ,  in  which  the  metal  is  still  quinquiyalent.     It  is  produced 

Ta«'0, 
by  exposing  tantalic  oxide  to  an  Intense  heat  in  a  crucible  lined  with  char- 
coal.    It  is  a  hard  dark-gray  substance,  which,  when  heated  in  the  air,  is 
couTerted  into  tantalic  oxide. 


HydrochloriCy  or  sulphuric  acid,  added  in  excess  to  a  solution  of  alkaline 
tantalate,  forms  a  precipitate  of  tantalic  acid,  which  redissoWes  in  excess  of 
the  hydrochloric,  but  not  of  the  sulphuric  acid.  Potattium  ferroeyawidt, 
added  to  a  yery  slightly  acidulated  solution  of  an  alkaline  tantalate,  forms 
a  yellow  precipitate ;  the  ferricyanide^  a  white  precipitate.  Infusion  ofgalU 
forms  a  light-yellow  precipitate,  soluble  in  alkalies.  When  tantalic  chloriUe 
is  dissolved  in  strong  sulphuric  acid,  and  then  water  and  metallic  2inc  are 
added,  a  fine  blue  color  is  produced,  which  does  not  turn  brown,  hut  soon 
disappears. 

Tantalic  oxide  fiised  with  microcosmic  salt  in  either  blowpipe  flame  forms 
a  clear,  colorless  glass,  which  does  not  turn  red  on  addition  of  a  ferrous 
salt.  With  borax  it  also  forms  a  transparent  glass,  which  may  be  rendered 
opaque  by  interrupted  blowing,  or  fiaming. 


HIOBimC,  or  COLUMBIXni. 

Atomic  weight,  94.     Symbol,  Nb. 

This  metal,  discovered  in  1801  by  Hatchett,  in  American  columbite,  exists 
likewise,  associated  with  tantalum,  in  columbites  from  other  sources,  and 
in  most  tantalites ;  also,  associated  with  yttrium,  uranium,  iron,  and  cunall 
quantities  of  other  metals,  in  Siberian  Samarskit-e,  urano-tantalite,  or 
y ttroilmenite ;  also  in  pyrochlore,  euxcnite,  and  a  variety  of  pitehhlende 
from  Satersdalen  in  Norway. 

The  metal,  obtained  in  the  same  manner  as  tantalum,  is  a  black  powder, 
which  oxidizes  with  incandescence  when  heated  in  the  air.  It  dissolves  in 
hot  hydrofluoric  acid,  with  evolution  of  hydrogen,  and,  at  ordinary  tern- 
peratures,  in  a  mixture  of  hydrofluoric  and  nitric  acid ;  slowly,  also,  when 
heated  with  strong  sulphuric  acid.  It  is  oxidized  by  fusion  with  acid  potas- 
sium sulphate,  and  gradually  converted  into  potassium  niobate  by  fusion 
with  potassium  hydrate  or  carbonate. 

Niobium  is  quinquivalent,  and  forms  only  one  class  of  compounds,  namely, 
a  chloride,  NbCl^;  oxide,  Nb,0^;  oxychloride,  NbOCl^,  &c. 

NiOBiG  Oxide,  Nb^Og,  is  formed  when  the  metal  burns  in  the  air.  It  is 
prepared  from  columbite,  &c.,  by  fusing  the  levigated  mineral  in  a  platinum 
crucible  with  6  or  8  parts  o'f  acid  potassium  sulphate,  removing  soluble  Mlts 
by  boiling  the  fused  mass  with  water,  digesting  the  residue  with  ammonium 
sulphide  to  dissolve  tin  and  tungsten,  boiling  with  strong  hydrochloric  acid 
to  remove  iron,  uranium,  and  other  metals,  and  finally  washing  with  water. 
Niobic  oxide  is  thus  obtained  generally  mixed  with  tantalic  oxide,  from 
iprbich  it  is  separated  by  means  of  hydrogen  and  potassium  fluoride,  HF.  KF, 
which  converts  the  tantalum  into  sparingly  soluble  potassium  tantofluoride, 
2KF.  TaFj,  and  the  niobium  into  easily  soluble  potassium  nio  boxy  fluoride, 
2KP.NbOF,.Aq. 

Niobic  oxide  is  also  produced  by  decomposing  niobic  chloride,  or  oxy- 
chloride, with  water :  when  pure  it  has  a  specific  gravity  of  4*4  to  4*5.    It 
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is  an  acid  oxide,  uniting  with  basic  oxides,  and  forming  salts  called  niobaUt, 
some  of  which  occur  as  natural  minerals  : .  columbite,  lor  example,  being  a 
ferro-manganous  niobate.  The  potatsium  niobata  orystalltie  readily,  and 
iQ  weU-detined  forms.  Mariguac  lias  obtained  the  salts  4K,0 .  ^Nb^O^ .  liiaq. 
crystallizing  in  monoclinic  prisms ;  8K,0 .  TNbjOj .  82aq.  in  pyramidal  mono- 
cliaic  crystals;  3K^0 .  2Nb,05.  ISaq.  in  rhomboidal  prisms;  and  K,0. 
<tNb,0( .  5aq.  as  a  pulverulent  precipitate,  by  boiling  a  solution  of  potassium 
nioboxy-fiuoride  with  potassium  carbonate.  The  sodium  nUAatet  are  crys- 
talline powders  which  decompose  during  washing.  There  is  also  a  sodium 
and  potassium  niobate,  containing  Na,0 .  dK,0 .  tSNb^O^ .  9aq. 

NioBic  Chloridv,  NbClg,  is  obtained,  together  with  the  oxy chloride,  by 
heating  an  intimate  mixture  of  niobio  oxide  and  charcoal  in  a  stream  of 
chlorine  gas.  It  is  yellow,  volatile,  and  easily  fusible.  Its  obsenred  yapor- 
density,  according  to  Deville  and  Troost,  is  9*6  referred  to  air,  or  138-6 
referred  to  hydrogen  as  unity :  by  calculation  for  a  two-yolume  condensa* 

tion,  it  is  ^  4-  5 .  35'5_  135.75  rjjj^  ozychloride,  NbOCl,,  is  white,  vola- 
tile,  but  not  fusible :  its  specific  gravity,  referred  to  hydrogen,  is,  by  obser- 
▼ation,  114-06;  by  calculation,  9^  +  ^^  +  ^ •  355^  10925,  Both  these 
compounds  are  converted  by  water  into  niobic  oxide. 

NioBic  OxTPLUORiDE,  NbOF,,  is  formed  by  dissolving  niobic  oxide  in 
hydrofluoric  acid.  It  unites  with  the  fluorides  of  the  more  basic  metals, 
forming  salts  isomorphous  with  the  titanofluorides,  stannofluorides,  and 
tungstoflttorides,  1  atom  of  oxygen  in  these  salts  taking  the  place  of  2  atoms 
of  fluorine.  Marignac  has  obtained  five  potassium  nioboxyfluorides,  all 
perfectly  crystallized,  namely: 

2KF.NbOF3.aq.,  crystallising  in  monoclinic  plates, 

SKF.NbOF,  *'  cuboid  forms  (systems  undetermined), 

8K.HF.NbOF,  «  monoclinic  needles, 

5KF.3NbOFy.aq.  **  hexagonal  prisms, 

4KF.3NbOF, .  2aq.         "  triclinic  prisms. 

Pottusium  niohofiuoride,  SKF.NbF^,  separates  in  shining  monoclinic  nee- 
dles from  a  solution  of  the  first  of  the  nioboxyfluorides  above  mentioned 
in  hydrofluoric  acid.  Nioboxyfluorides  of  ammonium,  sodium,  zinc,  and 
copper  have  also  been  obtained. 

The  isomorphism  of  these  salts  with  the  stannofluorides,  titanofluorides, 
and  tungstofluorides,  shows  clearly  that  the  existence  of  isomorphism  be- 
tween the  corresponding  compounds  of  any  two  elements,  must  not  be 
taken  as  a  decided  proof  that  those  elements  are  of  equal  atomicity :  for 
in  the  case  now  under  consideration,  we  have  isomorphous  salts  formed  by 
tin  and  titanium,  which  are  tetrads,  niobium,  which  is  a  pentad,  and  tung- 
sten, which  is  a  hexad. 


The  compounds  of  niobium  cannot  easily  be  mistaken  for  those  of  any 
other  metal  except  tantalum.  The  most  characteristic  reactions  of  niobates 
and  tantalates  with  liquid  reagents  are  the  following :  — 
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Hydrochloric  acid 
Ammonium  chloride  • 


Potassium  ferrocyanide 
"         ferricyanide  . 

Infusion  of  galls  .     .     . 


I^iobates. 

White  precipitate,  insol- 
uble in  excess. 

Precipitation  slow  and 
incomplete. 

Red  precipitate. 
Bright  yellow    precipi- 
tate. 
Orange-red  precipitate. 


Tantalata. 

White  precipitate,  solu- 
ble in  excess. 

Complete  precipitation 
as  acid  ammoniam 
tantalate. 

Tellow  precipitate. 

White  precipitate. 

Light  yellow  precipi- 
tate. 


Niobic  oxide,  heated  with  borax  in  the  outer  blow-pipe  flame,  forms  a 
colorless  bead,  which,  if  the  oxide  is  in  sufficient  quantity,  becomes 
opaque  by  interrupted  blowing  or  flaming.  In  microcosmic  salt  it  dissoWet 
abundantly,  forming  a  colorless  bead  in  the  outer  flame,  and  in  the  ioDcr 
a  yiolet-colored,  or  if  the  bead  is  saturated  with  the  oxide,  a  beautifni 
blue  bead,'  the  color  disappearing  in  the  outer  flame 
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CESOKIUII. 

Atomic  weight,  52-6.     Symbol,  Or. 

CHROMIUM  is  found  in  the  sUte  of  oxide,  in  combination  with  iron 
oxide,  in  eome  abundance  in  the  Shetland  Islands,  and  elsewhere:  as 
lead  chromate  it  constitutes  a  very  beautiful  mineral,  from  which  it  was 
first  obtained.  The  metal  itself  is  prepared  in  a  half-fused  condition  by 
mixing  the  oxide  with  half  its  weight  of  charcoal-powder,  enclosing  the 
mixture  in  a  crucible  lined  with  charcoal,  and  then  subjecting  it  to  the 
▼ery  highest  heat  of  a  powerful  furnace. 

DeTille  has  prepared  metallic  chromium  by  reducing  pure  chromium 
sesqaioxide,  by  means  of  an  insufficient  quantity  of  charcoal,  in  a  lime 
crucible.  Thus  prepared,  metallic  chromium  is  less  fusible  than  platinum, 
and  as  hard  as  corundum.  It  is  readily  acted  upon  by  dilute  hydrochloric 
acid,  less  so  by  dilute  sulphuric  acid,  and  not  at  all  by  concentrated 
nitric  acid.  Frdmy  obtained  chromium  in  small  cubic  crystals,  by  the 
action  of  sodium  vapor  on  chromium  trichloride  at  a  red  heat.  The  crys- 
talline chromium  resists  the  action  of  concentrated  acids,  eyen  of  nitromu- 
riatic  acid. 

Chromium  forms  a  hexfluoride,  Cr'^F^,  and  a  corresponding  oxide, 
Cr*K)|,  analogous  to  sulphuric  oxide;  also,  anacid,€r04H,,  analogous  to  sul- 
pharic  acid,  with  corresponding  salts,  the  chromates,  which  are  isomorphous 
with  the  sulphates.  In  its  other  compounds,  chromium  resembles  iron,  form- 
ing the  chromic  compounds  Cr,C1f,  Cr^O^,  &c.,  in  which  it  is  apparently  triya- 
lent  but  really  quadriyalent,  and  the  chromous  compounds,  CrCl^  CrO,  &c., 
in  which  it  is  biyalent. 

Chlorides.  —  The  diehloride  or  Chromous  chloride,  CrCl,,  is  prepared  by 
heating  the  yiolet-colored  trichloride,  contained  in  a  porcelain  or  glass 
tube,  to  redness  in  a  current  of  perfectly  dry  and  pure  hydrogen  gas  :  hy- 
drochloric acid  is  then  disengaged,  and  a  white  foliated  mass  is  obtained, 
which  dissolves  in  water  with  great  elevation  of  temperature,  yielding  a 
blue  solution,  which,  on  exposure  to  the  air,  absorbs  oxygen  with  extraor- 
dinary energy,  acquiring  a  deep  green  color,  and  passing  into  the  state 
of  chromic  oxy chloride,  CrjClj.Cr,Oj.  Chromous  chloride  is  one  of  the 
most  powerful  reducing  or  deoxidizing  agents  known,  precipitating  calo- 
mel from  a  solution  of  mercuric  chloride,  instantly  converting  tungstic  acid 
into  blue  tungsten  oxide,  and  precipitating  gold  from  a  solution  of  auric 
chloride.  It  forms,  with  ammonia,  a  sky-blue  precipitate  which  turns 
green  on  exposure  to  the  air;  with  ammonia  and  sal-ammoniac,  a  blue 
solution  turning  red  on  exposure  to  the  air  ;  and  with  ammonium  sulphide, 
&  black  precipitate  of  chromous  sulphide. 

The  trichloride  or  Chromic  chloride^  CrjCl^,  is  obtained  in  the  anhydrous 
state  by  heatjng  to  redness  in  a  porcelain  tube  a  mixture  of  chromium  ses- 
quioxide  and    charcoal,  and  passing  dry  chlorine  gas  over  it.     The  tri- 
chloride sublimes,  and  is  deposited  in  the  cool  part  of  the  tube,  in  the  form 
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of  beautiful  crystalline  plates  of  a  pale  violet  color.  It  is  totally  insoluble 
in  water  under  ordinary  circumstances,  even  at  the  boiling-heat.  It  dis- 
solves, however,  and  assumes  the  deep-green  hydrated  state  in  water  con- 
taining an  exceedingly  minute  quantity  of  the  dichloride  in  solution.  The 
hydration  is  marked  by  the  evolution  of  much  heat.  This  remarkable 
effect  must  probably  be  referred  to  the  class  of  actions  known  at  present 
under  the  name  of  catalysis. 

The  green  hydrated  chromic  chloride  is  easily  formed  by  dissolving 
chromic  hydrate  in  hydrochloric  acid,  or  by  boiling  lead  chromate,  or  silver 
chromate,  or  a  solution  of  chromic  acid,  with  hydrochloric  acid  and  a  re- 
ducing agent,  such  as  alcohol,  or  sulphurous  acid,  or  even  with  hydro- 
chloric acid: — 

2CrO,  -f  12Ha  =  Cr,Cl«  +  60H,  +  CV 

The  solution  thus  obtained  exhibits  the  same  characters  as  the  cbromie 
oxygen-salts.  IVhen  evaporated  it  leaves  a  dark-green  syrup,  which,  when 
heated  to  100^  in  a  stream  of  dry  air,  yields  a  green  mass  containing  Ctj(\ 
90H^  The  same  solution  evaporated  in  a  vacuum  yields  green  granular 
crystals  containing  CTfi\.OHj. 

Fluosidvs  — The  trtfluoridef  or  Chromic  fluoride^  ^^s^s*  ^^  obtained  by 
treating  the  dried  sesquioxide  with  hydrofluoric  acid,  and  strongly  heating 
the  dried  mass,  as  a  dark-green  substance,  which  melts  at  a  high  tempera- 
ture, and  sublimes  when  still  more  strongly  heated,  in  shining  regular  oc- 
tohedrons. 

The  hexfiuoHde,  CrF^,  is  formed  by  distilling  lead  chromate  with  fluorvpar 
and  fuming  oil  cf  vitriol  in  a  leaden  retort,  and  condensing  the  vapors  in  a 
cooled  and  dry  leaden  receiver.  It  then  condenses  to  a  blood-red  fuming 
liquid,  which  volatilizes  when  its  temperature  rises  a  few  degrees  higher. 
The  vapor  is  red,  and,  when  inhaled,  produces  violent  coughing  and  severe 
oppression  of  the  lungs.  The  hcxfluoride  is  decomposed  by  wster,  yield- 
ing hydrofluoric  and  chromic  acids.  A  fluoride,  intermediate  in  composi- 
tion between  the  two  just  described,  is  obtained  in  solution  by  decomposing 
the  brown  dioxide  by  hydrofluoric  acid.  The  solution  is  red,  and  yields  by 
evaporation  a  rose-colored  salt,  which  is  redissolved  without  alteration  by 
water,  and  precipitated  brown  by  ammonia. 

Oxides. — Chromium  forms  five  oxides,  containing  CrO,  CifO^,  Cr,Oy 
CrOy  and  CrO,,  the  first  three  being  analogous  in  composition  to  the  three 
oxides  of  iron. 

The  monoxide^  or  Chromous  oxidf,  Cr^^O,  is  formed  on  adding  potash  to  a 
solution  of  chromous  chloride,  as  a  brown  precipitate,  which  speedily  passes 
to  deep  foxy-red,  with  disengngement  of  hydrogen,  being  converted  into  i 
higher  oxide.  Chromous  oxide  is  a  powerful  base,  forming  pale-blue  salts, 
which  absorb  oxygen  with  extreme  avidity.  Potassio-cbromous  sulphate 
contains  (S04)2'Cr^^K2,  like  the  other  members  of  the  same  group. 

Trichromie  tetroxidly  Cr^O^  =  CrO.Cr,0,,  is  the  above  mentioned  brownish- 
red  precipitate  produced  by  the  action  of  water  upon  the  monoxide.  The 
decomposition  is  not  complete  without  boiling.  This  oxide  corresponds  with 
the  magnetic  oxide  of  iron,  and  is  not  salifiable. 

Sesquioxide^  or  Chromic  oxidty  Cr^Os- — When  mercurous  cbromate,  pre- 
pared by  mixing  solutions  of  mercurous  nitrate  and  potassium  chromate.  or 
bichromate,  is  exposed  to  a  red  heat,  it  is  decomposed,  pure  chromium  ses- 
quioxide, having  a  fine  green  color,  remaining.  In  this  state  the  oxide  is, 
like  alumina  after  ignition,  insoluble  in  acids.  The  anhydrous  sesquioxide 
may  be  prepared  in  a  beautifully  crystalline  form  by  heating  potassium  bi- 
chromate, Kfi,2CT0^,  to  full  redness  in  an  earthen  crucible.     One-half  of 
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the  chromium  trioxide  contained  in  that  salt  then  sufTers  decomposition, 
oxjgen  being  discngnged  and  sesquioxide  left.  The  melted  mass  is  then 
treated  with  water,  which  dissolves  out  neutral  potassium  chromate,  and 
the  oxide  is,  lastly,  washed  and  dried.  Chromium  sesquioxide  communicates 
a  fine  green  tint  to  glass,  and  is  used  in  enamel  painting.  The  crystalline 
sesquioxide  is  employed  in  the  manufacture  of  razor-strops.  From  a  solu- 
tion of  chromium  sesquioxide  in  potash,  or  soda,  green  gelatinous  hydrated 
sesquioxide  of  chromium  is  separated  on  standing.  When  finely  powdered 
and  dried  oyer  sulphuric  acid,  it  consists  of  Cr^O,  GOHg.  A  hydrate  may 
also  be  prepared  by  boiling  a  somewhat  dilute  solution  of  potassium  bichro- 
mate strongly  acidulated  with  hydrochloric  acid,  with  small  successive  por- 
tions of  sugar  or  alcohol.  In  the  former  case  carbon  dioxide  escapes:  in  the 
Utter,  aldehyde  and  also  acetic  acid  are  formed,  substances  with  which  we 
shall  become  acquainted  in  organic  chemistry;  and  the  chromic  acid  of  the 
salt  becomes  converted  into  chromium  trichloride,  the  color  of  the  liquid 
changing  from  red  to  deep  green.  The  reduction  may  also  be  effected,  as 
already  observed,  by  hydrochloric  acid  alone.  A  slight  excess  of  ammonia 
precipitates  the  hydrate  from  this  solution.  It  has  a  pale  purplish-green 
color,  which  becomes  full  green  on  ignition ;  an  extraordinary  shrinking  of 
volume  and  sudden  incandescence  are  observed  when  the  hydrate  is  decom- 
posed by  heat. 

Chromium  sesquioxide  is  a  feeble  base,  resembling,  and  isomorphous 
with,  iron  sesquioxide  and  alumina ;  its  salts  (chromic  salts)  have  a  green  or 
purple  color,  and  are  said  to  be  poisonous. 

Ckromie  sulpfuUej  (SO^^gCr.,  is  prepared  by  dissolving  the  hydrated  oxide 
in  dilute  sulphuric  acid.  It  unites  with  the  sulphates  of  potassium  and 
ammonium,  giving  rise  to  magnificient  double  salts,  which  crystallize  in 
regular  ociohedrons  of  a  deep  claret-color,  and  possess  a  constitution  re- 
sembling that  of  common  alum,  the  aluminium  being  replaced  by  chromium. 
The  ammonium-salt,  for  example,  has  the  composition  (S04)3Cr^^^(NIl4).12 
&q.  The  finest  crystals  are  obtained  by  spontaneous  evaporation,  the  solu- 
Uon  being  apt  to  be  decomposed  by  heat. 

The  dioxide^  CrO,,  which  is,  perhaps,  a  chromic  chromate,  CrO, .  Cr fi^, 
is  a  brown  substauce  obtained  by  digesting  chromic  oxide  with  excess  of 
chromic  acid,  or  by  partial  reduction  of  chromic  acid  with  alcohol,  sulphur- 
ous acid,  &.O. 

Chromium  tbioxidx,  CrO|:  in  combination  with  water,  forming  Chromic 
oad,  CrO,.  OH,  =  Cr04H2=:  (CrO-)^''rOH),.  Whenever  chromium  sesqui- 
oxide is  strongly  heated  with  an  alkali,  in  contact  with  air,  oxygen  is  ab- 
sorbed and  the  trioxide  generated.  Chromium  trioxide  may  be  obtained 
nearly  pure,  and  in  a  state  of  great  beauty,  by  mixing  100  measures  of  a 
cqM  saturated  solution  of  potassium  bichromate  with  150  measures  of  oil  of 
vitriol,  and  leaving  the  whole  to  cool.  It  crystallizes  in  brilliant  crimson- 
red  prisms:  the  mother-liquor  is  poured  off,  and  the  crystals  are  placed 
upon  a  tile  to  drain,  being  closely  covered  by  a  glass  or  bell-jar.*  It  is  also 
formed  by  decomposing  the  hexfluoride  with  a  small  quantity  of  water. 
Chromium  trioxide  is  very  deliquescent  and  soluble  in  water :  the  solution 
is  instantly  reduced  by  contact  with  organic  matter. 

Cbromic  acid  is  bibasic  and  analogous  in  composition  to  sulphuric  acid ; 
its  salts  are  isomorphous  with  the  corresponding  sulphates. 

PoUufium  chromate^  CrO^K^  or  (Cr02)'^(0K)j.  —  This  salt  is  made  directly 
from  the  native  ehrome-iran-aref  which  is  a  compound  of  chromium  sesqui- 
oxide and  ferrous  oxide,  analogous  to  magnetic  iron  ore,  by  calcination  with 
Litre  or  with  potassium  carbonate,  or  with  caustic  lime,  the  ore  being  re- 
duced to  powder  and  heated  for  a  long  time  with  the  alkali  in  a  reverbera- 

*  Warington,  Memoirs  of  the  Chemical  Society,  1. 18. 
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torj  furnace.  The  product,  when  treated  with  water,  yields  a  yellow  eola- 
tion, which,  by  evaporation,  deposits  anhydrous  crystals  of  the  same  color, 
isomorphous  with  pot-assium  sulphate.  Potassium  chromate  has  a  cool, 
bitter,  and  disagreeable  taste,  and  dissolves  in  2  parts  of  water  at  15-5^. 

Potcusium  bichromate^  or  anhydrochromate^  2CrOj.  K^O,  or  Cr04K3 .  CrOg  — 
When  sulphuric  acid  is  added  to  the  preceding  salt  in  moderate  quantity, 
one  half  of  the  base  is  removed,  and  the  Bentral  chromate  converted  inio 
bichromate.  The  new  salt,  of  which  immense  quantities  are  manufactured 
for  use  in  the  arts,  crystAllises  by  slow  evaporation  in  beautiful  red  tabular 
crystals,  derived  from  a  prism.  It  melts  when  heated,  and  is  soluble  in  10 
parts  of  water;  the  solution  has  an  acid  reaction. 

Potatsium  trichromat e.ZQr0^.1i,fit  or  CTOfi^.20TO^  may  be  obtained  in 
crystals  by  dissolving  the  bichromate  in  an  aqueous  solution  of  chromic  acid, 
and  allowing  it  to  evaporate  over  sulphuric  acid. 

Lead  chromate^  CrO^Pb^^.  — On  mixing  solutions  of  potassium  chromate  or 
bichromate  with  lead  nitrate  or  acetate,  a  brilliant  yellow  precipitate  falls, 
which  is  the  compound  in  question ;  it  is  the  chrome-yellow  of  the  painter. 
Then  this  compound  is  boiled  with  lime-water,  one  half  of  the  acid  is  with- 
drawn, and  a  basic  lead  chromate  of  an  orange-red  color  left.  The  basic 
chromate  is  also  formed  by  adding  lead  chromate  to  fused  nitre,  and  after- 
wards dissolving  out  the  soluble  salts  by  water:  the  product  is  crystalline, 
and  rivals  vermilion  in  beauty  of  tint.  The  yellow  and  orange  chrome- 
colors  are  fixed  upon  cloth  by  the  alternate  application  of  the  two  solutions, 
and  in  the  latter  case  by  passing  the  dyed  stuff  through  a  bath  of  boiling 
lime-w«ter. 

Siher  chromate^  Cr04Ag,.  — This  salt  precipitates  as  a  reddish-brown  pow- 
der when  solutions  of  potassium  chromate  and  silver  nitrate  are  mixed 
It  dissolves  in  hot  dilute  nitric  acid,  and  separates,  on  cooling,  in  small 
ruby-red  platy  crystals.     The  chromates  of  barium,  zinc,  and  mercury  are 
insoluble;  the  first  two  are  yellow,  the  last  is  brick-red. 

Chromium  Dioxydichloride,  CrOjCl,,  commonly  called  Chlcrochromic 
acid  —  When  3  parts  of  potassium  bichromate  and  3|  parts  of  common  sdlt 
are  intimately  mixed  and  introduced  into  a  small  gla«<s  retort,  9  parti<  of  oil 
of  vitriol  then  added,  and  heat  applied  ns  long  as  dense  red  vapors  arise, 
this  compound  passes  over  as  a  heavy  deep-red  liquid  resembling  bromine: 
it  is  decomposed  by  water,  with  production  of  chromic  and  hydrochloric 
acids  It  is  analogous  to  the  so-called  chloromolybdic,  chlorotungstic,  and 
chlorosulphnrlc  acids  in  composition,  and  in  the  products  which  it  yields 
when  decomposed.  It  may  be  regarded  as  formed  from  the  triozide  by 
substitution  of  CL  for  0,  or  from  chromic  acid,  (CrO,y''(OH)^  by  substitu- 
tion of  CI,  for  (OH),;  also  as  a  compound  of  chromium  hexchloride  (not 
known  in  the  separate  state),  with  chromium  trioxide :  CrClg .  2Cr03  = 
SCrOjCl,. 

Pbrchromic  Acid  is  obtained,  according  to  Barreswil,  by  mixing  chromic 
acid  with  dilute  hydrogen  oxide,  or  potassium  bichromate  with  a  dilute  but 
very  acid  solution  of  barium  dioxide  in  hydrochloric  acid;  a  liquid  is  then 
formed  of  a  blue  color,  which  is  removed  from  the  aqueous  solution  by 
ether.  This  very  unstable  compound  has  perhaps  the  composition  Cr,0,H, 
or  Cr^Oy .  0H|,  analogous  to  that  of  permanganic  acid. 


Reactions  of  Chromium  compoundn.  —  A  solution  of  chromic  chloride  or  a 
chromic  oxygen  salt  is  not  precipitated  or  changed  in  any  way  by  hydrogen 
sulphide.  Ammonium  sulphide  throws  down  a  grayish-green  precipitate  of 
chromic  hydrate.  Cau^fic  fixed  alkalies  also  precipitate  the  hydrated  oxide, 
and  dissolve  it  easily  when  added  in  excess.    Ammonia^  the  same,  but  nearly 
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insoluble.  The  earhonates  of  pottusium^  todium,  and  ammonium  also  throw 
down  a  green  precipitate  of  hydrate,  slightlj  soluble  in  a  large  excess. 

Chromous  salts  are  but  rarely  meth  with ;  for  their  reactions,  see  Chro- 
mium diehloride,  p.  437. 

Chromic  acid  and  it«  salts  are  easily  recognised  in  solution  by  forming  a 
pale  yellow  precipitate  with  barium  taltt,  bright  yellow  with  leadtalu,  brick- 
red  with  mtrcurout  salts,  and  crimson  with  silver  salts ;  also  by  their  capa- 
bility of  yielding  the  green  sesquioxide  by  reduction. 

All  chromium  compounds,  ignited  with  a  mixture  of  nitre  and  an  alka- 
line carbonate,  yield  an  alkaline  chromate,  which  may  be  dissolved  out  by 
vater,  and  on  befiig  neutralized  with  acetic  acid,  will  give  the  reactions 
just  mentioned. 

The  oxides  of  chromium  and  their  salts,  fused  with  borax  in  either  blow- 
pipe flame,  yield  an  emerald-green  glass.  The  same  character  is  exhibited 
by  those  salts  of  chromic  acid  whose  bases  do  not  of  themseWes  impart  a 
decided  color  to  the  bead.  The  production  of  the  green  color  in  both 
flames  distinguishes  chromium  from  uranium  and  vanadium,  which  give 
green  beads  in  the  inner  flame  only. 


TTJirOBTEHi  or  WOLFBAK. 
Atomic  weight,  184.     Symbol,  W. 

TuKQSTBR  is  found,  as  ferrous  tungstate.  In  the  mineral  wolfram,  tolerably 
abundant  in  Cornwall ;  occasionally  also  as  calcium  tungstate  (scheeMte  or 
tungsten),  and  as  lead  lungstate  (seheeUtine).  Metallic  tungsten  is  obtained 
in  the  state  of  a  dark-gray  powder,  by  strongly  heating  tungstic  oxide  in 
a  stream  of  hydrogen,  but  requires  for  fusion  an  exceedingly  high  tem- 
perature. It  is  a  white  metal,  very  hard  and  brittle:  it  has  a  density  of 
n-4.  Heated  to  redness  in  the  air,  it  takes  fire  and  reproduces  tung- 
siic  oxide. 

Tungsten  forms  two  classes  of  compounds,  in  which  it  is  quadrivalent 
and  sexvalent  respectively,  and  a  third  class,  of  intermediate  composition, 
in  which  it  is  apparently  quinquivalent. 

Chlorides.  — These  compounds  are  formed  by  heating  metallic  tungsten 
in  chlorine  gas.  The  hecchloride  or  tungstic  chloride,  WCl^,  is  also  produced, 
together  with  oxychloride,  by  the  action  of  chlorine  on  an  ignited  mixture 
of  tungstic  oxide  and  charcoal.  The  oxychloridcs,  being  more  volatile 
than  the  hexchloride,  may  be  separated  from  it  by  sublimation.  The  hcx- 
chloride  forms  dark  violet  scales  or  fused  crusts  having  a  bluish-black  me- 
talVic  iridescence.  By  contact  with  water  or  moist  air,  it  is  converted  into 
hydrochloric  and  tungstic  acids.  The  tetrachloride,  WCl^,  is  formed,  accord- 
ing to  some  authorities,  as  a  dark-red  compound,  when  tungsten  is  heated 
in  chlorine  gas ;  but  according  to  others,  this  red  compound  is  a  penta- 
chloride,  W,CI,q.  or  WCVWClj,  the  tetrachloride  not  being  known  in  the 
separate  state. 

The  bromides  of  tungsten  are  analogous  to  the  chlorides.  —  The  hexfluoride, 

^^f,  is  obtained  by  evaporating  a  solution  of  tungstic  acid  in  hydrofluoric 
acid. 

OxTDis.  —Tungsten  forms  three  oxides,  WO^,  WO3.  and  W^Oj.  neither  of 
which  exhibits  basic  properties,  so  that  there  are  no  tungsten  salts  in  wiiich 
^h«  metal  replaces  the  hydrogen  of  an  acid,  or  takes  the  electro-positive 
part.  The  trioxide  exhibits  decided  acid  tendencies,  uniting  with  basic 
nietallic  oxides,  and  forming  crystallizable  salts  called  tungstates.  The 
P^ntoxide  may  be  regarded  as  a  compound  of  the  other  two. 
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The  dioxide,  or  TungHou*  oxide,  WO3,  is  moat  easily  prepared  bj  expodng 
tungstic  oxide  to  hydrogen,  at  a  temperature  not  exceeding  dall  redness. 
It  is  a  brown  powder,  sometimes  assuming  a  crystalline  appearance  and  an 
imperfect  metallic  lustre.  It  takes  fire  when  heated  in  the  air,  and  bums, 
like  the  metal  itself,  to  tungstic  oxide.  It  forms  a  definite  eomponnd  with 
soda. 

The  trioxide,  or  Ttmgttic  oxide,  WO^,  is  most  easily  prepared  from  natire 
calcium  tungstate  by  digestion  in  nitric  or  hydrochloric  acid,  the  eolable 
calcium-salt  thereby  produced  being  washed  out  with  water,  and  the  re- 
maining tungstic  acid  ignited.  From  wolfram  it  may  be  prepared  by 
repeatedly  digesting  the  mineral  in  strong  hydrochloric  acid,  ultimately 
with  addition  of  a  little  nitric  acid,  to  dissolve  out  the  iron  and  mangA- 
nese ;  dissolving  the  remaining  tungstic  acid  in  aqueous  ammonia ;  evapo- 
rating to  dryness ;  and  heating  the  residual  ammonium  tungstate  in  eon- 
tact  with  the  air.  Tungstic  oxide  is  a  yellow  powder  insoluble  in  water, 
and  in  most  acids,  but  soluble  in  alkalies.  The  hot  solutions  of  the  result- 
ing alkaline  tungstate,  when  neutralized  with  an  acid,  yield  a  yellow  pre- 
cipitate of  tungstie  monohydrate  or  tungstic  add,  WO^Hj,  or  WO,.OHj.  CoW 
dilute  solutions,  on  the  other  hand,  yield  with  acids  a  white  precipitate, 
consisting  of  tungetie  dihydraie  or  hydrated  tungstic  acid,  WO, .  20Hy  or 
WO4H,. OHj.     Tungstic  acid  reddens  litmus  and  dissolves  easily  in  alkaliti. 

Tungsfatee. — Tungstic  acid  unites  with  bases  in  various,  and  often  in 
very  unusual  proportions.  It  is  capable  of  existing  also  in  two  isomeric 
modifications,  vix  :  I.  Ordinary  tungstic  acid,  which  is  insoluble  in  water, 
and  forms  insoluble  salts  with  all  metals,  except  the  alkali^metals  and  mag- 
nesium ;  2.  Metatungsiie  acid,  which  is  soluble  in  water,  and  forms  soloble 
salts  with  nearly  all  metals.  Ordinary  tungstic  acid  forms  normal  Mlts 
containing  WO4M,  orWO,.M.O,  and  acid  salts  containing  TWO,. 8^,0, 
which  may  perhaps  be  regarded  as  double  salts  composed  of  diaeid  and 
triacid  tungstates,  that  is,  as  2(2WO,.  M,0)  +  8W0,.M,0.  The  tung- 
states  of  potassium  and  sodium,  especially  the  latter,  are  sometimes  used 
as  mordants  in  dyeing,  in  place  of  stannates ;  also  for  rendering  muslin 
and  other  light  fabrics  uninflammable.  Tungstous  tungstate,  WO,.  WO,, 
which  has  the  composition  of  tungsten  pentoxide,  W^Oj,  is  a  blue  sub- 
stance produced  by  reducing  tungstic  oxide  or  tungstic  acid  with  zino 
and  hydrochloric  acid  ;  also  by  heating  ammonium  tungstate  to  redness  in 
a  retort. 

Melatungstates. —  These  salts,  which  have  the  composition  of  quadacid 
tungstates,  4W0, .  M2O,  are  formed  from  ordinary  tungstates  by  addition 
of  tungstic  acid,  or  by  removing  part  of  the  base  by  means  of  an  acid. 
They  are  for  the  most  part  soluble  and  crystallizable.  By  decomposing 
barium  metatungstate  with  dilute  sulphuric  acid,  and  evaporating  the 
filtrate  in  a  vacuum,  hydrated  metatungstic  acid  is  obtained  in  quadraiie 
octohedrons  apparently  containing  4W0j.  OHj-|-  81  aq. ;  it  is  very  soluble 
in  water. 

Silieotungstates.* — By  boiling  gelatinous  silica  with  acid  potassium  tungs- 
tate, a  crystalline  salt  is  obtained,  having  the  composition  of  a  diaeid  potas- 
sium tungstate,  6(2WO,.KjO),  or  12W0,.K,0e,  in  which  one  third  of  the 
potassium  is  replaced  by  siliciura,  viz.,  12W0..  K,Si*'0,,  so  that  the  silicinm 
here  enters  as  a  basylou^  element.  The  resulting  solution  yields  with  mer- 
curous  nitrate  a  precipitate  of  mereurous  silicotungstate ;  this,  when  decom- 
posed by  nn  equivalent  quantity  of  hydrochloric  acid,  yields  a  solution  ot 
hydrogen  silicotungstate  or  silicotungstic  acid;  and  the  other  silieotungstates, 
which  are  all  soluble,  are  obtained  by  treating  the  acid  with  carbonates. 

Silieodecitungstie  acid,  lOWO, .  H,Sl<^0,,  is  obtained  as  an  anunonium-^t 

•  Marignac,  Ann.  Chlm.  Phjs.  [4]  iii.  5 ;  Watta'a  Dictionanr  of  GhemlatiT,  v.  913. 


TUNGSTEN,   OR   WOLFRAM.  4:13 

Ij  boiling  gelatinous  silica  with  solution  of  acid  ammonium  tungstate ;  and 
from  this,  the  acid  and  its  other  saltn  may  be  obtained  in  the  same  manner 
&a  the  preceding.  The  silicodecitungstaies  are  very  unstable,  and  the  acid 
is  decomposed  by  mere  eraporation,  depositing  silica,  and  being  converted 
into  tungstO'siUcic  acid,  which  is  isomeric  with  silicotungstic  acid,  and  like- 
wise decomposes  carbonates.  All  three  of  these  acids  are  capable  of  ex- 
changing either  one-half  or  the  whole  of  their  basic  hydrogen  for  metals, 
thereby  forming  acid  and  neutral  salts;  silicotungstic  acid  nlso  forms  an 
acid  sodium-salt  in  which  only  one-fourth  of  the  hydrogen  is  replaced  by 
sodium. 

Tfnosticn  SuLPHn>E8.  — The  diaulphide,  or  Tungstous  sulphide,  WS^,  is  ob- 
tained in  soft  black  needle-shaped  crystals  by  igniting  tungsten,  or  one  of 
its  oxides,  with  sulphur. 

The  triaulpkide,  or  Tungntic  sulphide,  WS,,  is  formed  by  dissolving  tungstic 
scid  in  ammonium  sulphide,  and  precipitating  with  an  acid,  or  by  adding 
hydrochloric  acid  to  the  solution  of  an  alkaline  tungstate  saturated  with 
hydrogen  sulphide.  It  is  a  light-brown  precipitate,  turning  black  when  «lry. 
It  unites  eijsily  with  basic  metallic  sulphides,  forming  the  sulphotungstates, 
WS^M,  analogous  to  the  normal  tungstates. 


Reactions  of  Tungsten  compounds.  — Soluble  tungstates,  or  metatungstates, 
supersaturated  with  sulphuric,  hydrochloric,  phosphoric,  oxalic,  or  acetic 
scid,  yield,  on  the  introduction  of  a  piece  of  zinc,  a  beautiful  blue  color, 
srising  from  the  formation  of  blue  tungsten  oxide.  A  soluble  tungstate, 
mixed  with  ammoniiwi  sulphide,  and  then  with  excess  of  acid,  yields  a  light- 
brown  precipitate  of  tungstic  sulphide,  soluble  in  ammonium  sulphide. 
Hydrogen  sulphide  does  net  precipitate  the  acidulated  solution  of  a  tungstate, 
but  turns  it  blue,  owing  to  the  formation  of  the  blue  oxide.  Ordinary  tung- 
states give  with  potassium  ferrocyanide,  after  addition  of  hydrochloric  acid, 
a  brown  flocculent  precipitate,  soluble  in  pure  water  free  from  acid ;  meta- 
tungstates give  no  precipitate.  Acids  added  to  solutions  of  ordinary  tung- 
states, throw  down  a  white  or  yellow  precipitate  of  tungstic  acid;  with 
metatangstates  no  precipitate  is  obtained. 

All  tungsten  compounds  form  colorless  beads  with  borax  and  phos- 
phorus salt,  in  the  outer  blowpipe  flame.  With  borax,  in  the  inner  flame, 
they  form  a  yellow  glass,  if  the  quantity  of  tungsten  is  somewhat  consider- 
able, but  colorless  with  a  smaller  quantity.  With  phosphorus  salt  in  the 
inner  flame  they  form  a  glass  of  a  pure  blue  color,  unless  metallic  oxides  are 
present,  which  modify  it ;  in  presence  of  iron  the  glass  is  blood-red,  but 
the  addition  of  metallic  tin  renders  it  blue. 


Steel,  alloyed  with  a  small  quantity  of  tungsten,  acquires  extraordinary 
hardness.  Wootz,  or  Indian  steel,  contains  tungsten.  Tungsten  has  also  a 
remarkable  effect  on  steel  in  increasing  its  power  of  retaining  magnetism 
when  hardened.  A  horse-shoe  magnet  of  ordinary  steel  weighing  two 
pounds  is  considered  of  good  quality  when  it  bears  seven  times  its  own 
weight;  but,  according  to  Siemens,  a  similar  magnet  made  with  steel  con- 
taining tungsten  may  be  made  to  carry  twenty  times  its  weight  suspended 
from  the  armature.* 

*  Journal  of  the  Chemical  Society,  July,  1868.    2d  Series,  vol.  vi.p.  284. 
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KOLTBOSKXTK. 

Atomic  weight,  92.     Symbol,  Mo. 

This  metal  occurs  in  small  quantity  as  sulphide  and  as  lead  molybdate. 
Metallic  molybdenum  is  obtained  by  exposing  molybdic  oxide  in  a  charconl- 
lined  crucible  to  the  most  intense  heat  that  can  be  obtained.  It  is  a  white, 
brittle,  and  exceedingly  infusible  metal,  having  a  density  of  8*6,  and  oxid- 
izing, when  heated  in  the  air,  to  molybdic  oxide. 

Chlorides.  —  Molybdenum  forms  three  chlorides,  containing  MoCI,,  Mo, 
CIq,  and  M0CI4.  The  tetTOchloride,  or  molybdic  chloride,  is  obtained  in  dark 
metallically  lustrous  crystals  by  passing  chlorine  in  excess  over  gently  heated 
molybdenum ;  when  heated  in  a  stream  of  hydrogen,  it  is  reduced  (o  the 

MoCl, 
dark  copper-colored  trichloride,   I         .    The  dichloride,  or  molyhdout  chloride, 

MoCl, 
is  obtained,  though  not  in  the  pure  state,  by  exposing  the  trichloride  to  s 
moderate  heat  in  an  atmo>phere  of  carbon  dioxide,  or  by  heating  metallie 
molybdenum  with  calomel.     In  solution  it  is  obtained  by  saturating  hydro- 
chloric acid  with  molybdous  hydrate. 

The  bromide*  of  molybdenum  correspond  in  composition  to  the  chlorides ; 
there  is  also  an  oxybromide  containing  Mo^Br^Of 

FLroRiDES.  —  Molybdenum  forms  three  fluorides,  MoF,,  M0F4.  MoF^ 
which  are  obtained  by  dissolving  the  corresponding  oxides  in  hydrofluoric 
acid.  The  hexfluoride  is  not  known  in  the  free  state,  but  only  in  combina- 
tion with  basic  metallic  fluorides  and  molybdates;  thus  there  is  a  po- 
tassium salt  containing  MoO^K,.  MoFgK^ 

Oxides. —  Molybdenum  forms  the  three  oxides,  Mo'^O,  Mo^'Oy  *nd 
Mo**(),.  besides  several  oxides  intermediate  between  the  last  two,  which 
may  be  regarded  as  molybdic  molybdates. 

The  monoxide,  or  Molybdow  oxide,  MoO,  is  produced  by  bringing  the  di- 
oxide or  trioxide,  in  presence  of  one  of  the  stronger  acids,  in  contact  with 
any  of  the  metals  which  decompose  water.  Thus,  when  sine  is  immersed  in 
a  concentrated  solution  of  an  alkaline  molybdate  mixed  with  a  quantity  of 
hydrochloric  acid  sufficient  to  redissolve  the  precipitate  first  thrown  dowD. 
line  chloride  and  molybdous  chloride  are  formed.  The  dark-colored  solu- 
tion thus  obtained  is  mixed  with  a  large  quantity  of  caustic  potash,  which 
precipitates  a  black  hydrated  molybdous  oxide,  and  retains  the  tine  oxide 
in  solution.  The  freshly  precipitated  hydrate  is  soluble  in  acids  and  sm- 
monium  carbonate ;  when  heated  in  the  air  it  burns  to  dioxide,  but  when 
dried  in  a  vacuum  it  leaves  the  black  anhydrous  monoxide. 

The  dioxide,  or  Molybdic  oxide,  MoO^  is  obtained  in  the  anhydrous  state  by 
heating  sodium  molybdate  with  sal-ammoniac,  the  molybdic  trioxide  heing 
reduced  to  dioxide  by  the  hydrogen  of  the  ammoniacal  salt;  or,  in  the  hy- 
drated state,  by  digesting  metallic  copper  in  a  solution  of  molybdic  acid  in 
hydrochloric  acid,  until  the  liquid  assumes  a  red  color,  and  then  adding  » 
large  excess  of  ammonia.  The  anhydrous  dioxide  is  deep  brown,  and  in- 
soluble in  acids ;  the  hydrate  resembles  ferric  hydrate,  and  dissolves  in 
acids,  yielding  red  solutions.     It  is  converted  into  molybdic  acid  by  strong 

nitric  acid. 

Trioxide,  MoO,.  —  To  obtain  this  oxide  (commonly  called  Molybdic  add), 
native  molybdenum  sulphide  is  roasted,  at  a  red  heat,  in  an  open  vessel, 
and  the  impure  molybdic  trioxide  thence  resulting  is  dissolved  in  ammoni*. 
The  filtered  solution  is  evaporated  to  dryness,  and  the  salt  is  taken  up  by 
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water,  and  purified  by  crystalliiation.  It  is,  lastly,  decomposed  by  heat, 
ftnd  the  ammonia  expelled.  The  trioxide  may  also  be  prepared  by  decom- 
posing native  lead  molybdate  with  sulphuric  acid.  It  is  a  white  crystalline 
powder,  fusible  at  a  red  heat,  and  slightly  soluble  in  water.  The  solution 
contains  molybdie  acid;  but  this  acid,  or  hydrate,  is  not  known  in  the  solid 
8t&i«.  The  trioxide  is  easily  dissolved  by  alkalies,  and  forms  two  series  of 
salts,  vis.,  twrmal  or  neutral  molybdaten,  Mo04Bf  or  M0O3.  K^O,  and  anhydro- 
moiybdatea  or  bimolyhdatea,  MoOfK,.  MoO^,  or  2MoO,.  R^O,  the  symbol  R  de- 
noting a  univalent  metal.  The  neutral  uiolybdates  of  the  alkali-metals  are 
easily  soluble  in  water,  and  their  solutions  yield,  with  the  stronger  acids,  a 
precipitate  either  of  a  less  soluble  bimolybdate,  or  of  the  anhydrous  tri- 
oxide. The  other  molyb'iates  are  insoluble,  and  are  obtained  by  precipita- 
tion. Ltad  molybdate,  MOfPb,  occurs  native  in  yellow  quadratic  plates  and 
octohedrons. 

SrLPHiDEs.  —  Molybdenum  forms  three  sulphides,  MoS^  M0S9,  and  M0S4, 
the  last  two  of  which  are  acid  sulphides,  forming  sulphur-salts.  The  di- 
ruiphuif,  or  Molybdie  aulphidef  MoSj,  occurs  native,  as  molybdenite,  in  crystallo- 
laminar  masses,  or  tabular  crystals,  having  a  strong  metallic  lustre  and 
lead-gray  color,  and  forming  a  gray  streak  on  paper  like  plumbago.  The 
same  compound  is  produced  artificially  by  heating  either  of  the  higher 
sulphides,  or  by  igniting  the  trioxide  with  sulphur.  When  roasted  in  con- 
tact with  the  air,  it  is  converted  into  trioxide. 

The  trinUphide,  MoS.,  commonly  called  tulphomolybdic  acidy  is  obtained  by 
passing  hydrogen  sulphide  into  a  concentrated  solution  of  an  alkaline  mo- 
lybdate, and  precipitating  with  an  acid.  It  is  a  black-brown  powder, 
which  is  dissolved  slowly  by  alkalies,  more  easily  by  alkaline  sulphides  and 
sulph-hydrates,  forming  sulphur-salts  called  tulphomolybdates.  Most  of 
these  salts  have  the  composition  MoS^R,,  or  MoS,.  R^,  analogous  to  that 
of  the  molybdates.  The  sulpho-molybdates  of  the  alkali-metals,  alkaline 
earth-metals,  and  magnesium,  are  soluble  in  water,  forming  solutions  of  a 
fine  red  color ;  the  rest  are  insoluble. 

Tetrtuulpkide,  MoS^.  —  This  is  also  an  acid  sulphide,  forming  salts  called 
persidphomolybdateSj  the  general  formula  of  which  is  MoS^R,,  or  M0S4.  RgS. 
The  potattium'salt  is  obtained  by  boiling  the  sulpho-molyodate  with  molyb- 
denum trisulphide,  washing  the  resulting  precipitate  till  the  wash-water 
gives  a  red  flocculent  precipitate  with  hydrochloric  acid,  and  then  digest- 
ing the  residue  with  cold  water,  which  dissolves  out  potassium  persulpho- 
molybdate,  and  leaves  the  disulphide.  The  solution  of  this  potassium  salt, 
treated  with  hydrochloric  acid,  yields  a  dark-red  precipitate  of  molybdenum 
tetrasulphide,  which  dissolves  in  alkalies. 


Molybdenum  in  solution  is  characterized  as  follows : 

Molybdoua  salts,  obtained  by  dissolving  molybdous  oxide  in  acids,  arc 
opaque  and  almost  black.  They  yield,  with  hydrogen  sulphide,  a  brown- 
black  precipitate  soluble  in  ammonium  sulphide ;  with  alkalies  and  alkaine 
carbonates,  a  brownish-black  precipitate  of  molybdous  hydrate,  easily  soluble 
in  acid  potassium  carbonate,  or  in  ammonium  carbonate ;  with  potassium 
ferrocyanide,  a  dark -brown  precipitate ;  with  sodium  phosphate^  a  white  pre- 
cipitate 

Solutions  of  molybdie  salts  have  a  reddish-brown  color.  When  heated  in 
the  air,  they  have  a  tendency  to  become  blue  by  oxidation.  In  contact 
with  metallic  zt'nc,  they  first  blacken  and  then  yield  a  black  precipitate  of 
molybdous  hydrate.  Their  renctions  with  alkalies,  hydrogen  sulphide^  &c., 
are  similar  to  those  of  molybdous  salts ;  but  the  precipitates  are  lighter  in 
color. 

38 
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Molyhdaiti  are  colorless  unless  they  contain  a  colored  base.  Solntions  of 
the  alkaline  molybdates  yield  with  adds  a  precipitate  of  molybdic  trioxide, 
soluble  in  excess  of  the  precipitant.  They  are  colored  yellow  by  kydrt^rn 
sulphide^  from  formation  of  a  sulphomolybdate  of  the  alkali-metal,  aod  then 
yield  with  acids  a  brown  precipitate  of  molybdenum  trisulphide.  This  is 
an  extremely  delicate  test  for  molybdic  acid.  They  form  white  precipilatfs 
with  the  salts  of  the  earlh-ituiaUy  and  precipitates  of  various  colore  with 
salts  of  the  heavy  metah ;  e.g.,  white  with  lead  and  silver  salts;  yellow 
with  ferric  salts;  and  yellowish-white  with  mercurous  salts.  When  or/Ao- 
phosphoric  acid,  or  a  liquid  containing  it,  is  added  to  the  solution  of  anino- 
nium  molybdate,  together  with  an  excess  of  hydrochloric  acid,  the  liquid 
turns  yellow,  and  after  a  while  deposits  a  yellow  precipitate  of  molybdic 
trioxide,  combined  with  small  quantities  of  phosphoric  acid  and  amD]oi]i&. 
This  precipitate  is  soluble  in  ammonia  and  likewise  in  excess  of  the  phos- 
phate. The  reaction  is  therefore  especially  adapted  for  the  detection  of 
small  quantities  of  phosphoric  acid.  The  pyrophosphates  and  metaphos- 
phates  do  not  produce  the  yellow  precipitate.  Arsenic  acid  gives  a  similar 
reaction. 

All  the  oxides  of  molybdenum  form,  with  borax,  in  the  outer  blowpipe 
flame,  a  bead  which  is  yellow  while  hot,  and  colorless  on  cooling;  io  (he 
inner  flame,  a  dark  brown  bead,  which  is  opaque  if  excess  of  molybdenom 
is  present.  By  long-continued  heating,  the  molybdic  oxide  may  be  sepa- 
rated in  dark  brown  flakes,  floating  in  the  clear  yellow  glass.  With  pho*- 
phorus  salt  in  the  outer  flame,  all  oxides  of  molybdenum  give  a  bead  which 
is  greenish  while  hot,  and  colorless  on  cooling ;  in  the  inner  flame  a  clear 
green  bead,  from  which  molybdic  oxide  cannot  be  separated  by  continued 
heating. 


PART  III. 

ORGANIC  CHEMISTRY, 


INTRODUCTION. 


THE  term  *< Organic  Chemistry"  originally  denoted  the  chemistry  of 
compounds  formed  in  the  bodies  of  plants  and  animals.  The  peculiar 
characters  of  the  compounds  thus  formed,  and  the  failure  of  the  earlier 
attempts  to  produce  them  by  artificial  means,  led  to  the  erroneous  idea  that 
their  formation  was  due  to  a  mysterious  power  called  *<  vital  force,"  sup- 
posed to  reside  in  the  living  organism,  and^to  govern  all  the  changes  and 
processes  taking  place  within  it.  In  accordance  with  this  idea,  the  chem- 
istry of  organic  compounds,  including  those  which  were  formed  by  artificial 
processes  from  the  products  of  yegetable  and  animal  life,  was  erected  into 
a  special  branch  of  chemical  science. 

Later  researches  have,  however,  shown  that  a  large  number  of  compounds, 
formerly  regarded  as  producible  only  under  the  influence  of  the  so-called 
vital  force,  may  be  formed  cither  by  direct  combination  of  their  elements, 
or  by  chemical  transformation  of  inorganic  compounds. 

The  first  step  in  the  formation  of  organic  compounds  from  their  elements 
vas  made  by  Wohler,  who  showed,  in  1828,  that  urea,  the  characteristic 
constituent  of  urine,  can  be  produced  by  molecular  transformation  of  am- 
monium cyanate.  This  experifnent,  viewed  in  connection  with  the  fact 
established  about  twelve  years  afterwards,  that  cyanogen  (ON)  can  be 
formed  by  direct  combination  of  its  elements,  is  conclusive  of  the  pos- 
sibility of  forming  a  product  of  the  living  organism  from  inorganic  mate- 
rials. More  recently  it  has  been  shown  that  ethine,  or  acetylene,  C^H,, 
can  be  produced  by  the  direct  combination  of  carbon  and  hydrogen;  that 
this  compound  can  be  made  to  take  up  two  additional  atoms  of  hydrogen 
to  form  ethene,  C^H^;  and  that  this  latter  compound  can  be  converted  into 
alcohol,  CjHfO,  a  body  formerly  supposed  to  be  producible  only  by  the 
fermentation  of  sugar;  and  from  this  a  large  number  of  other  compounds 
can  be  produced  by  the  action  of  various  reagents.  The  researches  of 
Berthclot,  Kolbe,  Wurtz,  and  other  distinguished  chemists  have  led  to  the 
discovery  of  a  large  number  of  other  cases  of  the  formation  of  organic 
compounds,  often  of  great  complexity,  from  substances  of  purely  mineral 
origin,  and  ultimately  from  the  elements  themselves.  The  division  of  com- 
pounds into  two  distinct  branches,  inorganic  and  organic  —  formed  accord- 
ing to  distinct  laws,  the  former  being  artificially  producible  by  direct  com- 
bination of  their  elements,  the  latter  only  under  the  influence  of  a  sup- 
posed vital  force  —  must  therefore  be  abandoned.  There  is,  indeed,  but 
one  science  of  chemistry,  of  which  the  study  of  the  compounds  called  or- 
ganic forms  a  part. 

Organic  chemistry  is  in  fact  the  chemistry  of  cnrbon-compounds,  and,  in 
&  strictly  systematic  arrangement,  these  compounds  should  be  described  in 
coimection  with  the  element  carbon  itself.     But  the  compounds  into  which 
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carbon  enters  are  so  numerous,  their  constitution  and  the  transfonnationa 
which  they  undergo  under  the  intiuence  of  heat  and  of  chemical  reagents, 
are,  in  many  instances,  so  complicated,  that  it  is  found  best,  for  the  pur- 
poses of  instruction,  to  defer  their  consideration  till  the  other  elements 
and  their  compounds  have  been  studied. 

It  is  important,  in  this  place,  to  mark  the  distinction  between  crftrmc 
compounds  and  organized  bodies.  Organic  bodies,  such  as  marsh  gas,  etheDe, 
benzene,  alcohol,  sugar,  morphine,  &c.,  are  definite  chemical  compoands, 
many  of  which,  as  already  obaeryed,  may  be  formed  by  artificial  methods; 
those  which  are  solid  can,  for  the  most  part,  be  crystallized ;  those  which 
are  liquid  exhibit  constant  boiling  points.  Organized  bodies,  on  the  con- 
trary, always  consist  of  mixtures  of  several  definite  compounds.  Thtj 
never  crystallize,  but  exhibit  a  fibrous  or  cellular  structure,  and  cannot  be 
reduced  to  the  liquid  or  gaseous  state  without  complete  decomposition. 
Lastly,  they  are  organs,  or  parts  of  organs,  which  are  essentially  products 
of  vitality,  and  there  is  not  the  slightest  prospect  of  their  ever  being  pro- 
duced by  artificial  means. 

The  study  of  the  composition  and  chemical  relations  of  Qrganized  bodies 
belongs  to  a  special  department  of  the  science  called  **  Physiological  Chem- 
istry," which  bears  the  same  relation  to  Organic  Chemistry  that  Chemical 
Geology  bears  to  Mineralogy. 


THE  ELEMENTARY  OR  ULTIMATE  ANALYSIS  OF  ORGANIC 

COMPOUNDS. 

Organic  compounds  contain,  for  the  most  part,  only  a  small  number  of 
elements.  Many  consist  only  of  carbon  and  hydrogen.  A  very  large  num- 
ber, including  most  of  those  which  occur  ready  formed  in  the  bodies  of 
plants  and  animals,  consist  of  carbon,  hydrogen,  and  oxygen ;  others  con- 
sist of  carbon,  hydrogen,  and  nitrogen.  Others,  again,  including  most  of 
the  proximate  principles  of  the  animal  organism,  consist  of  four  elements, 
carbon,  hydrogen,  oxygen,  and  nitrogen.  Some  contain  sulphur,  phos- 
phorus, chlorine,  and  metallic  elements;  in  fact,  artificially  prepared  car- 
bon compounds  may  contain  any  elements  whatever.  Moreover,  even  those 
which  contain  only  a  small  number  of  elements  often  exhibit  great  com- 
plexity of  structure,  in  consequence  of  the  accumulation  of  a  large  num- 
ber of  carbon-atoms  in  the  same  molecule. 

Determination  of  Carbon  and  Hydrogen. — The  quantities  of  these  ele- 
ments are  determined  by  burning  a  known  weight  of  the  body  to  be  examined, 
in  such  a  manner  as  to  convert  the  whole  of  the  carbon  into  carbon  dioxide, 
and  the  whole  of  the  hydrogen  into  water.  These  products  are  collected 
and  their  weights  determined,  and  from  the  data  thus  obtained  the  quanti- 
ties of  carbon  and  hydrogen  present  in  the  organic  substance  are  calcn- 
lated.  When  nitrogen,  sulphur,  phosphorus,  chlorine,  &c.,  are  present, 
Hpecial  and  separate  means  are  r^orted  to  for  their  estimation. 

The  method  to  be  described  for  the  determination  of  the  carbon  and 
hydrogen  owes  its  convenience  and  efficiency  to  the  improvements  of  Pro- 
fessor Liebig  ;  it  has  superseded  all  other  processes,  and  is  now  invariably 
employed  in  inquiries  of  the  kind.  With  proper  care,  the  results  obtained 
are  wonderfully  correct ;  and  equal,  if  not  surpass,  in  precision  those  of 
the  best  mineral  analysis.  The  principle  upon  which  the  whole  depends  is 
the  following :  When  an  organic  substance  is  heated  with  the  oxides  of 
copper,  lead,  and  several  other  metals,  it  undergdoes  complete  combustion 
at  the  expense  of  the  oxygen  of  the  oxide,  the  metal  being  at  the  same 
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Fig,  176. 


time  reduced  either  completely,  or  to  a  lower  state,  of  oxidation.  This 
^fftct  takes  place  with  tbe  greatest  ease  and  certainty  with  cuprio  oxide 
(black  oxtde  of  copper),  which,  although  unchanged  by  heat  alone,  gives 
up  oxygen  to  combustible  matter  with  extreme  facility.  When  nothing  but 
carbon  and  hydrogen,  or  those  bodies  together  with  oxygen,  are  present, 
ooe  experiment  suffices ;  the  carbon  and  hydrogen  are  determined  directly, 
and  the  oxygen  by  difference. 

It  is  of  course  indispensable  that  the  substance  to  be  analyzed  should 
possess  the  physical  characters  of  purity,  otherwise  the  inquiry  cannot 
lead  to  any  useful  result ;  if  in  the  solid  state,  it  must  also  be  freed  with 
the  most  scrupulous  care  from  the  moisture  which  many  substances  retain 
with  great  obstinacy.  If  it  will  bear  the  application 
of  a  moderate  heat,  this  desiccation  is  very  easily 
accomplished  by  a  water  or  steam  bath  :  in  other 
cases,  exposure  at  common  temperatures  to  the  ab- 
sorbent powers  of  a  large  surface  of  oil  of  vitriol  in 
the  vacuum  of  an  air-pump  must  be  substituted. 

The  operation  of  weighing  the  dried  powder  is 
conducted  in  a  narrow  open  tube,  about  2}  or  8  inches 
long ;  the  tube  and  substance  are  weighed  together, 
and,  when  the  latter  has  been  removed,  the  tube  with 
any  little  adherent  matter  is  re- weighed.  This 
weight,  subtracted  from  t  ho  former,  gives  the  weight 
of  the  substance  employed  in  the  experiments     As 

only  half  a  gram  (5  or  6  grains)  is  used,  the  weighings  should  not  inTolve  a 
greater  error  than  a  milligram  (or  ^^  part  of  a  grain). 

The  copper  oxide  is  best  made  from  the  nitrate  by  complete  ignition  in 
an  earthen  crucible;  it  is  reduced  to  powder  and  re-heated  just  before  use, 
to  expel  hygroscopic  moisture,  which  it  absorbs,  even  while  warm,  with 
avidify.  The  combustion  is  performed  in  a  tube  of  hard  white  Bohemian 
gla^s,  having  a  diameter  of  0-4  or  O-o  inch,  and  in  length  varying  from  14 
to  18  inches :  this  kind  of  glass  bears  a  moderate  red  heat  without  becom- 
ing soft  enough  to  lose  its  shape.     One  end  of  the  tube  is  drawn  out  to  a 


Fig.  177.  • 
Copper  oxide.  Mixture. 


Copper  oxide. 


point,  as  shown  in  fig.  177,  and  closed ;  the  other  is  simply  heated  to  fuse 
and  soften  the  sharp  edges  of  the  glass.  The  tube  is  now  two-thirds  filled 
with  the  yet  warm  copper  oxide,  nearly  the  whole  of  which  is  transferred  to 
a  small  porcelain  or  Wedgwood  mortar,  and  very  intimately  mixed  with  the 
organic  subistance.  The  mixture  is  next  trans^ferred  to  the  tube,  and  the 
mortar  rinsed  with  a  little  fresh  and  hot  oxide,  which  is  added  to  the  rest; 
(he  tube  1%  lastly,  filled  to  within  an  inch  of  the  open  end  with  oxide  from 
the  crucible.  A  few  gentle  taps  on  the  table  suflSce  to  shake  together  the 
contents,  so  as  to  leave  a  free  passage  for  the  evolved  gases  from  end  to 
end.  The  arrangement  of  the  mixture  and  oxide  in  the  tube  is  represented 
in  fig.  177. 

The  tube  is  then  ready  to  be  placed  in  the  furnace  or  chauffer:  this  is 
constructed  of  thin  sheet  iron,  and  is  furnished  with  a  series  of  supports 
of  e<^aal  height,  which  serve  to  prevent  flexure  in  the  combustion-tube  when 
wftened  by  heat.  The  chauffer  is  placed  upon  flat  bricks  or  a  piece  of 
«one,  so  that  but  little  air  can  enter  the  grating,  unless  the  whole  be  pur- 
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posety  rused.  A  aligbt  inclinslion  is  ilio  giveD  towards  tht  rxtreniilj 
occupied  by  Ihe  mouth  ot  ibe  combusl ion-tube,  which  panei  Uiraiigk  ■ 
hole  proTided  far  that  purpose. 


0  eo11«ct  the  water  produced  m  the  eip«riment,  a  11)1*11  light  lube  of  tht 
D  rcprofletited  in  tig.  179,  filled  wtib  fragments  of  epon^  calcium 
■ride,  is  attached  by  a  perforsled  cork,  thoroughly  dried,  to  the  opci 
■emitj  of  the  combustion-tube.  The  carbon  dioiido  is  absorbed  bj  ■ 
ilion  of  causlic  potash,  of  specific  gravity  1*27.  which  is  conlained  in  t 
.11  glasB  apparatus  on  the  principle  of  a  Woulfe's  bollle.  shoKO  in  G;, 
The  connection  between  the  latter  and  Ibe  calcium-chloride  lobe  ii 


compleled  by  &  Uille  lube  of  caoutchouc,  secured  wilU  silk  cord.  Tht 
whole  is  shown  in  fig.  181.  ns  arrnngcd  for  use.  Dolh  Ihe  calcium-ehlDiidt 
tube  and  the  potash  apparatus  are  weighed  wilh  the  utmost  care  btfon  'i" 
experiment. 


Snwii 


The  tightness  of  the  Junctions  may  be  ascertained  by  aligblly  rsre';i>l 
the  included  air  by  sucking  a  few  bubbles  from  the  interior  Ihroufli  '■» 
liquid,  using  the  dry  lips,  or,  better,  a  little  bent  tube  wiih  a  pelfsi*"^ 
cork  :  if  the  difference  of  level  in  the  liquid  in  ihe  two  limbs  of  Ihc  ptH'sli' 
apparatus  be  preserved  for  several  minutes,  Ihe  joints  arc  perfect.  M- 
hot  charconl  is  now  placed  around  Ihe  anterior  portion  of  the  comb"*'!"''' 
tube,  containing  the  pore  oxide  of  copper ;   and  when  this  is  red-loli  ll* 
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ttt  is  slootj  eitended  tawkrds  tbe  farlber  exlremity  b;  shifling  the  ma*- 
iib1«  soreeD  represented  in  (be  drawing.  Tlie  eiperimenl  musl  be  so  con- 
dotled  that  n  uniforni  gtream  of  carbon  dioiide  ehall  enter  the  potash 
apparatus  by  bubbles  vhich  maybe  easily  counted :  when  no  nitrogen  is 
present,  these  bubbles  are,  towards  tbe  tenuinalion  of  tbe  eiperiment,  almost 
CDmplelel;  absorbed  b;  the  alkaline  liquid,  the  tittle  residue  of  air  alone 
BMiping.  In  the  case  of  an  aiotised  body,  on  the  contrary,  bubbles  of 
nilrogea  gas  pass  thraugh  the  potash-solution  during  the  whole  process. 

When  the  lube   has  become  completely  heated  from  end  to  end.  and  no 

more  gag  is  disengaged,  but,  on  tbe  otber  hand,  ubsorptiun  begins  be  eii- 

Fig.  182. 


drni,  the  coals  are  remoned  from  the  farther  eiiremily  of  the  comhiislion- 
mbe.  and  the  point  of  the  Utter  broken  oif.  A  tillle  air  is  dmwn  through 
'lie  whole  apparatus,  by  which  the  remaining  carbon  dioxide  and  watery 
^ipoT  are  secured.  The  parts  are.  laslly.  detached,  and  the  calcium- chlor- 
ide lube  and  potnsh-apparatus  re-weighed. 

/■>«.  1S3.  Fig.Ki. 


The  node  of  heating  the  oombnetion-tube  with  red-bot  oharcoal  is  th« 
^ginal  process,  and  still  eitensiyely  employed,  the  construction  of  the  fur- 
KMe  being  most  simple,  and  charcoal  everywhere  icceBsible.  But  since 
the  use  of  coal-gas  has  been  uniTersally  adopted  in  laboratories,  many  con- 
tnitnces  bare  been  saggested,  by  means  of  which  this  conTenient  fuel  may 
h  employed  also  in  organic  analysis.  An  apparatus  of  tbis  kind*  is  tbe 
"at  represented  in  Bg.  182,  in  which  tbe  combustion-lube  is  heated  by  a 
wrttn  of  perforated  clay-burners.  These  clay-burners  are  fiied  on  pipes 
proriiled  with  stopcocks,  so  that  the  gas  may  be  lighted  nccording  to  the 
Kqiurenient«  of  the  case.  The  stopcocks  being  appropriately  adjusted,  the 
•  Bn/mann,  Joonul  ot  Ctitmlciil  Boclclj,  lol.  iL.  p.  SO. 
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gas  bums  on  the  surface  of  the  burners  with  a  smokeless  blue  flame,  whieh 
renders  them  in  a  short  time  incandescent.  The  construction  of  this  fur- 
nace is  readily  intelligible  hy  a  glance  at  figures  183  and  184,  which  exhibit 
the  different  parts  of  the  apparatus  in  section,  fig.  183  representing  a  large 
furnace  with  fiye  rows,  and  fig.  184  a  smaller  furnace  with  three  rows  of 
clay-burners. 

The  following  account  of  a  real  experiment  will  serre  to  illustrate  the 
calculation  of  the  results  obtained  in  the  combustion  of  crystallised  sugar: 

Quantity  of  sugar  employed         ....  4'750  grains. 

Potash  apparatus  weighed  after  experiment  .     781-13 

••  •*         before  experiment      .         773-82 

Carbonic  dioxide    .        .        .         .         7-81 


Calcium-chloride  tube  after  experiment      .         .         226-05 

before  experiment        .        .     223-30 


t< 


Water 2-75 

7*81  gr.  carbon  dioxide  =  1-994  gr.  carbon:  and  2*75  gr.  water  =  0*3056 
gr.  hydrogen;  or  in  100  parts  of  sugar,* 

Carbon 41-98 

Hydrogen 6  43 

Oxygen,  by  difference 51*59 


10000 

When  the  organic  substance  cannot  be  mixed  with  the  copper  oxide  in 
the  manner  described,  the  process  must  be  slightly  modified,  to  meet  the 
particular  case.  If,  for  example,  a  Tolatile  liquid  is  to  be  examined,  it 
is  enclosed  in  a  little  glass  bulb  with  a  narrow  stem,  which  is  weighed  before 
and  after  the  introduction  of  the  liquid,  the  point  being  hermetically  sealed. 
The  combustion-tube  must  have,  in  this  case,  a  much  greater  length;  and, 
as  the  copper  oxide  cannot  be  introduced  hot,  it  must  be  ignited  and  cooled 
out  of  contact  with  the  air,  to  prcTent  absorption  of  watery  vapor.  This 
is  most  conveniently  effected  by  transferring  it,  in  a  heated  state,  to  a  large 
platinum  crucible  to  which  a  closely  fitting  cover  can  be  adapted.  When 
quite  cold,  the  cover  is  removed  and  instantly  replaced  by  a  dry  glass  funnel. 
by  the  assistance  of  which  the  oxide  may  be  directly  poured  into  the  com- 
Fia  186  bustion-tube  with  merely  momentary  exposure  to 

the  air.  A  little  oxide  is  put  in,  then  the  bulb, 
with  its  stem  broken  at  a,  a  file-scratch  having  been 
previously  made ;  and,  lastly,  the  tube  is  filled  with 
the  cold  and  dry  copper  oxide.  It  is  arranged  in 
the  chauffer,  the  calcium-chloride  tube  and  potash 
apparatus  adjusted,  and  then,  some  six  or  eight 
inches  of  oxide  having  been  heated  to  redness,  the 
liquid  in  the  bulb  is,  by  the  approximation  of  a  hot 
coal,  expelled,  and  slowly  converted  into  Tapor, 
which,  in  passing  over  the  hot  oxide,  is  complete); 
burned.  The  experiment  is  then  terminated  in  the 
usual  manner.  Fusible  fatty  substances,  and  Tola- 
tile  concrete  bodies,  as  camphor,  require  rather  different  management, 
which  need  not  be  here  described. 

♦  The  thporrtical  composition  of  »ugar,  CisIlsAb  reckoned  to  100  parts,  gtrw— 

Ctkr\K>n 42-11 

llydrugen fr4S 

Oxy^eu       .        .        .        .        .        .    bl-46 

100<» 
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Copper  oxide  which  has  been  used,  may  be  easily  restored  by  moistening 
with  nitric  acid,  and  igniting  to  redness;  it  becomes,  in  fact,  rather  im- 
proTedtban  otherwise,  as,  after  frequent  employment,  its  density  is  increased 
and  its  troublesome  hygroscopic  powers  diminished.  For  substances  which 
are  very  difficult  of  combustion,  from  the  large  proportion  of  carbon  they 
contain,  and  for  compounds  into  which  chlorine  enters  as  a  constituent, 
fused  and  powdered  lead  chromate  is  very  advantageously  substituted  for 
the  copper  oxide.  Lead  chromate  freely  gives  up  oxygen  to  combustible 
matters,  and  even  evolves,  when  strongly  heated,  a  little  of  that  gas,  which 
thus  ensures  the  perfect  combustion  of  the  organic  body. 

Analysis  of  Aiotized  Substances,  —  The  presence  of  nitrogen  in  an  organic 
compound  is  easily  ascertained  by  heating  a  small  portion  with  solid  potas- 
sium hydrate  in  a  test-tube :  the  nitrogen,  if  present,  is  converted  into 
ammonia,  which  may  be  recognized  by  its  odor  and  alkaline  reaction. 
There  are  several  methods  of  determining  the  proportion  of  nitrogen  in 
azotixed  organic  substances,  the  experimenter  being  guided  in  his  choice 
of  means  by  the  nature  of  the  substance  and  its  comparative  richness  in 
that  element.  The  carbon  and  hydrogen  are  first  determined  in  the  usual 
manner,  a  longer  tube  than  usual  being  employed,  and  four  or  five  inches 
of  ita  anterior  portion  filled  with  copper  turnings,  rendered  perfectly  me- 
tallic by  ignition  in  hydrogen :  this  serves  to  decompose  any  nitrogen  oxide 
that  may  be  formed  in  the  act  of  combustion.  During  the  experiment, 
some  idea  of  the  abundance  or  paucity  of  the  nitrogen  may  be  formed, 
from  the  number  of  bubbles  of  incondensable  gas  which  traverses  the  solu- 
tion of  potash. 

In  the  case  of  compounds  abounding  in  nitrogen,  and  readily  burned  by 

rig.  186. 


copper  oxide,  a  method  may  be  employed,  which  is  very  easy  of  execution ;  this 
eonsiflta  in  determining  the  ratio  borne  by  the  liberated  nitrogen  to   „.   ,«- 
the  carbon  dioxide  produced  in  the  combustion.  A  tube  of  hard  glass,  ''^    '• 
of  the  usual  diameter,  and  about  16  inches  long,  is  sealed  at  one  end  ;       " 
a  little  of  the  organic  substance,  mixed  with  copper  oxide,  is  intro- 
duced, and  allowed  to  occupy  about  two  inches  of  the  tube ;  about 
u  much  pure  oxide  is  placed  over  it,  and  then  another  portion  of 
a  similar  mixture ;  after  which  the  tube  is  filled  up  with  a  second 
and  larger  portion  of  pure  oxide,  and  a  quantity  of  spongy  me- 
tallic copper.     A  short  bent  tube,  made  movable  by  a  caoutchouc 
joint,  is  fitted  by  a  perforated  cork,  and  made  to  dip  into  a  mer- 
curial trough,  while  the  combustion-tube  itself  rests  in  the  chauf- 
fer (fig.  186). 

Pire  is  first  applied  to  the  anterior  part  of  the  tube  containing 
the  metal  and  unmixed  oxide,  and,  when  this  is  red-hot,  to  the 
extreme  end.  Combustion  of  the  first  portion  of  the  mixture  takes 
place,  the  gaseous  products  sweeping  before  them  nearly  the 
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whole  of  Ihe  kit  of  Ihe  apptrslus.  When  no  more  gas  iimes,  the  lube 
is  bIovI;  healed  bj  half  an  Inch  at  a  time,  in  Ihe  usual  manner,  and  kll 
the  gntt  very  carefully  collected  in  a  graduated  jar.  until  the  operatioo 
is  at  an  end.  The  Tolume  is  then  read  off,  and  gome  strong  BOluilon  at 
cauelie  polaah  thrown  up  into  the  jar  b;  a  piptllc  with  a  curved  eilrtmtlj. 
When  the  absorption  is  complete,  the  residual  Tolume  of  nitrogen  ii  ob' 
■erred,  and  compared  with  that  of  the  mixed  gasea.  proper  correction 
being  made  for  differences  of  level  in  the  mercury;  and  from  these  data 
the  exact  proportion  borne  by  ihe  nitrogen  lo  Ihe  carbon  can  be  at  onee 

If  the  proportion  of  nilrogen  be  but  smalt,  Ihe  error  from  the  DJIrogeBof 
the  residual  almospberic  air  becoices  so  great  as  to  dCBlroy  all  confidtace 
in  the  result  of  the  oiperiment :  and  the  aame  thing  happens  when  the  rub- 
Stance  is  incompletely  burned  b;  copper  oiide:  other  means  must  tlien  be 
emplo;«d. 

The  abtolult  method  of  determination,  also  known  by  the  name  of  Domai' 
method,  may  be  had  recourse  to  when  the  foregoing,  or  eomparalirt  mtlboil, 
faiU  from  the  first  cause  mentioned:  it  giiea  excellent  resulta.  and  ii ap- 
plicable lo  all  aiotiied  substances. 

A  lube  of  good  Bohemian  glass.  28  inches  long,  is  securely  sealed  at  osi 
end;  into  this  enough  dry  acid  sodium  carbonate  is  put  to  occupy  R  incbe^ 
A  little  pure  copper  oxide  is  next  introduced,  and  afterwards  Ihe  miiiur* 
of  oxide  and  organic  aubatance.  the  weight  of  the  laller.  between  4-5  anif  9 
grains,  in  a  dry  elate,  having  been  correctly  determined.  The  remsiedtr 
of  the  tube,  ainounting  to  nearly  one-half  of  its  length,  is  then  filled  np 
with  pure  copper  oxide  and  spongy  metal,  and  a  round  cork,  perforated  bj 

fig.  isa. 


a  piece  of  namw  tube,  is  securely  adapted  to  its  mouth.  This  tnbe  u 
connected  by  means  of  a  oaoutchcuo  joint  with  a  bent  deliiery-lube,  a,  ami 
the  combueticn-tube  is  arranged  in  the  furnace.     A  few  coals  are  now  tf- 

\o  (CO,)  ™iH.liilng  1  lion  of  airtioBf  =  12>  «nin«  ■" 
,1b  .f..o)  af  oUri^^-oCMM)!*.!*  =381-    If,  Hi'T^'^'f 


eoMK  of  nllrogen  lu  caffein*  ii  IhirnlDra X  4M8  =  »»■ 
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plied  to  the  farther  end  of  the  tube,  bo  as  to  decompose  a  portion  of  the 
acid  sodium  carbonate*  the  remainder  of  the  carbonate,  as  well  as  of  the  other 
part  of  the  tube,  being  protected  from  the  heat  by  a  Bcrcen  n.  The  current 
of  carbon  dioxide  thus  produced  is  intended  to  expel  all  the  air  from  the 
apparatus  In  order  to  ascertain  that  this  object,  on  which  the  succesB  of 
the  whole  operation  depends,  is  accompli^hed,  the  delivery-tube  is  depressed 
under  the  level  of  a  mercurial  trough,  and  the  gas,  which  is  evolved,  col- 
lected in  a  teat-tube  filled  with  concentrated  potash-solution.  If  the  gas 
be  perfectly  absorbed,  or  if,  after  the  introduction  of  a  considerable 
quantity,  only  a  minute  bubble  be  left,  the  air  may  be  considered  as  ex- 
pelled. The  next  step  is  to  fill  a  graduated  glass  jar  two-thirds  with  mer- 
cury and  one-third  with  a  strong  solution  of  potash,  and  to  invert  it  over 
the  delivery- tube«  as  represented  in  fig.  188. 

This  done,  fire  is  applied  to  the  tube,  commencing  at  the  front  end,  and 
gradually  proceeding  to  the  closed  extreoiity,  which  still  contains  some  un- 
decomposed  acid  sodium  carbonate.  ThiS,  when  the  fire  at  length  reaches 
it,  yields  up  carbon  dioxide,  which  chases  forward  the  nitrogen  lingering 
m  the  tube.  The  carbon  dioxide  generated  during  the  combustion  is  wholly 
absorbed  by  the  potash  in  the  jar,  and  nothing  is  left  but  the  nitrogen. 
When  the  operation  is  at  an  end,  the  jar,  with  its  contents,  is  transferred 
to  a  vessel  of  water,  and  the  volume  of  the  nitrogen  read  off*.  This  is  pro- 
perly corrected  for  temperature,  pressure,  and  aqueous  vapor,  and  its 
veight  determined  by  calculation.  When  the  operation  has  been  very  suc- 
cessful, and  all  precautions  minutely  observed,  the  result  still  leaves  an 
error  in  excess,  amounting  to  0*3  or  0  5  per  cent.,  due  to  the  residual  air 
of  the  apparatus,  or  that  condensed  in  the  pores  of  the  copper  oxide. 

A  most  elegant  process  for  estimating  nitrogen  in  all  organic  compounds, 
except  those  containing  the  nitrogen  in  the  form  of  nitrous  acid  or  nitrogen 
tctroxide,  and  in  some  organic  bases,  has  been  put  in  practice  by  Will  and 
Varrentrapp.  When  a  non-aiotiied  organic  substance  is  heated  to  redness 
viih  a  large  excess  of  potassium  or  sodium  hydrate,  it  suft'ers  complete 
and  epeedy  coisbubtion  at  the  expense  of  the  water  of  the  hydrate,  the 
oxygen  combining  with  the  carbon  of  the  organic  matter  to  form  carbon 
dioxide,  which  is  retained  by  the  alkali,  while  its  hydrogen,  together  with 
that  of  the  substance,  is  disengaged,  sometimes  in  union  with  a  little  carbon. 
The  same  change  happens  when  nitrogen  is  present,  but  with  this  addition: 
the  whole  of  the  nitrogen  thus  abandoned  combines  with  a  portion  of  the 
liberated  hydrogen  to  form  ammonia.  It  is  evident,  therefore,  that  if  this 
experiment  be  made  on  a  weighed  quantity  of  matter,  and  circumstances 
aUow  the  collection  of  the  whole  of  the  ammonia  thus  produced,  the  pro- 
portion of  nitrogen  can  be  easily  calculated. 

An  intimate  mixture  is  made  of  I  part  caustic  soda  and  1^  or  8  parts 

quicklime,  by  slaking  lime  of  good  quality  with  the  proper  proportion  of 

BtroQg  caustic  soda,  drying  the  mixture  in  an  iron  vessel,  and  then  heating 

|t  to  redness  in  an  earthen  crucible.     The  ignited  mass  is  rubbed  to  powder 

)tt  ^warm  mortar,  and  carefully  preserved  from  the  air.     The  lime  is  useful 

m  many  ways:    it  diminishes  the  tendency  of  the  alkali  to  deliquesce, 

fi^ilitates  mixture  with  the  organic  substance,  and  prevents  fusion  and 

"quefaetioQ.     A  proper  quantity  of  the  substance  to  be  analyzed,  namely, 

from  5  to  10  grains,  is  dried  and  accurately  weighed  out:  this  is  mixed  in 

s  warm  porcelain  mortar  with  enough  of  the  soda-lime  to  fill  two-thirds 

^'  an  ordinary  combustion-tube,  the  mortar  being  rinsed  with  a  little  more 

of  the  alkaline  mixture,  and,  lastly,  with  a  small  quantity  of  powdered 

?  V  •  *^^^^^  completely  removes  everything  adherent  to  its  surface ;  the 

"w^\%  then  filled  to  within  an  inch  of  the  open  end  with  the  lime-mixture, 

^^d  arranged  in  the  chauffer  in  the  usqal  manner.     The  ammonia  is  col* 

'ected  in  a  little  apparatus  of  three  bulbs  ffig   189),  containing  moderately 

^^ong  hydrochloric  acid,   attached   by  a  cork  to  the  combustion-tube. 
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Matters  being  thus  adjusted,  fire  is  applied  to  the  tube,  commencing  witk 
the  anterior  extremity.     When  it  is  ignited  throughout  its  whole  length, 

and  when  no  gas  issues  from  the  t)>- 
^'      '  paratus,  the  point  of  the  tube  is  bro- 

ken, and  a  little  air  drawn  'brongfa 
the  whole.     The  acid  liquid  is  thra 
emptied  into  a  capsule,  the  bulbs 
rinsed  into  the  same,  first  with  a 
little  alcohol,  and  then  repeatedly 
with  distilled  water;  an  excess  of 
pure  platinic  chloride  is  added,  and 
the  whole  eraporated  to  dryness  in 
a  water-bath.     The  dry  mass,  when  cold,  is  treated   with  a  mixture  of 
alcohol  and  ether,  which  dissolves  out  the  superfluous  platinum  chloride, 
but  leaves  untouched  the  yellow  crystalline  ammonium  platinochloride. 
The  latter  is  collected  upon  a  small  weighed  filter,  washed  with  the  same 
mixture  of  alcohol  and  ether,  dried  at  100^  C.  (212<'  P.),  and  weighed;  100 
parts  correspond  to  6*272  parts  of  nitrogen.     Or,  the  salt  with  its  filter 
may  be  very  carefully  ignited,  the  filter  burned  in  a  platinum  crucible,  and 
the  nitrogen  reckoned  from  the  weight  of  the  spongy  metal,  100  parts  of 
that  substance  corresponding  to  14*18  parts  of  nitrogen.     The  former  plan 
is  to  be  preferred  in  most  cases. 

Bodies  very  rich  in  nitrogen,  as  urea,  must  be  mixed  with  about  an  equtl 
quantity  of  pure  sugar,  to  furnish  incondensable  gas,  and  thus  diminish 
the  violence  of  the  absorption  which  otherwise  occurs ;  and  the  same  pre- 
caution must  be  taken,  for  a  different  reason,  with  those  which  contain 
little  or  no  hydrogen. 

A  modification  of  this  process  has  been  suggested  by  Peligot,  which  is 
very  convenient  if  a  large  number  of  nitrogen-determinations  is  to  be 
made.  By  this  plan,  the  ammonia,  instead  of  being  received  in  hydro- 
chloric acid,  is  conducted  into  a  known  volume  (10  to  20  cubic  centimetres) 
of  a  standard  solution  of  sulphuric  acid,  contained  in  the  ordinary  nitro- 
gen-bulbs. After  the  combustion  is  finished,  the  acid  containing  the  am- 
monia is  poured  out  into  a  beaker,  colored  with  a  drop  of  tincture  of 
litmus,  and  then  neutralized  with  a  standard  solution  of  soda  in  water  or 
of  lime  in  sugar-water,  the  point  of  neutralization  becoming  perceptible 
by  the  sudden  appearance  of  a  blue  tint.  The  lime-solution  is  convenientlj 
poured  out  from  the  graduated  glass  tube,  described  under  the  head  of 
Alkalimetry.  The  volume  of  lime-solution  necessary  to  neutralize  the 
same  amount  of  acid  that  is  used  for  condensing  the  ammonia,  having  b^en 
ascertained  by  a  preliminary  experiment,  it  is  evident  that  the  differen^^e 
of  the  quantities  used  in  the  two  experiments  gives  the  ammonia  collect (hI 
in  the  acid  during  the  combustion.  The  amount  of  nitrogen  may  thus  be 
calculated.  If,  for  instance,  an  acid  be  prepared,  containing  20  grains  of 
pure  hydrogen  sulphate  (SO^H^)  in  1000  grain-measures  —  2W  grain-meas- 
ures of  this  acid  —  the  quantity  introduced  into  the  bulbs — correspond 
to  1*88  grains  of  ammonia,  or  1*14  grains  of  nitrogen.  The  alkaline  solu- 
tion is  so  graduated  that  1000  grain-measures  will  exactly  neutralize  itie 
200  grain-measures  of  the  standard  acid.  If  we  now  find  that  the  acid, 
partly  saturated  with  the  ammonia  disengaged  during  the  combustion  of  a 
nitrogenous  substance,  requires  only  700  grain -measures  of  the  alkaline 

200   X  800 
solution,  it  is  evident  that Tryiu) — '  "^   ^^  grain-measures  were  satu- 
rated by  the  ammonia,  and  the  quantity  of  nitrogen  is  obtained  by  the  pro- 

114  X  60 
portion  —  200  :  1*14  a=s  60  :  x,  wherefore  jc  =^ Soo ^^  0342  grains  of 

nitrogen. 
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Estimation  of  Sulphur  in  Organic  Compounds.  — When  bodies  of  this  class 
eontAioing  sulphur  are  burned  with  copper  oxide,  a  small  tube  containing 
lead  dioxide  may  be  interposed  between  the  calcium-chloride  tube  and  the 
potash  apparatus,  to  retain  any  sulphurous  acid  that  may  be  formed.  It 
is  better,  however,  to  use  lead  chromate  in  such  cases.  The  proportion  of 
salphur  is  determined  by  oxidizing  a  known  weight  of  the  substance  with 
Btrong  nitric  acid,  or  by  fusion  in  a  silver  vessel  with  ten  or  twelve  times 
its  weight  of  pure  potassium  hydrate  and  half  as  much  nitre.  The  sul- 
phur is  thus  converted  into  sulphuric  acid,  the  quantity  of  which  can  be 
determined  by  dissolving  the  fused  mass  in  water,  acidulating  with  nitric 
tcid,  and  adding  a  barium  salt.  Phosphorus  is,  in  like  manner,  oxidized  to 
phosphoric  acid,  the  quantity  of  which  is  determined  by  precipitation  as 
amnionio  magnesian  phosphate,  or  otherwise. 

Estimation  of  C.'Uorine.  —  The  case  of  a  volatile  liquid  containing  chlor- 
ine is  of  very  frequent  occurrence,  and  may  be  taken  as  an  illustration 
of  the  general  plan  of  proceeding.  The  combustion  with  copper  oxide 
must  be  very  carefully  conducted,  and  two  or  three  inches  of  the  anterior 
portion  of  the  tube  kept  cool  enough  to  prevent  volatilization  of  the  copper 
chloride  into  the  calcium-chloride  tube.  Lead  chromate  is  much  better 
for  the  purpose.  The  chlorine  is  correctly  determined  by  placing  a  small 
weighed  bulb  of  liquid  in  a  combustion-tube,  which  is  afterwards  filled  with 
fragments  of  pure  quicklime.  The  lime  is  brought  to  a  red  heat,  and  the 
Tspor  of  the  liquid  driven  over  it,  when  the  chlorine  displaces  oxygen  from 
the  lime,  and  gives  rise  to  calcium  chloride.  When  cold,  the  contents  of 
the  tube  are  dissolved  in  dilute  nitric  acid,  filtered,  and  the  chlorine  pre- 
cipitated by  silver  nitrate. 

Bromine  and  iodine  are  estimated  in  a  similar  manner. 


EMPIRICAL  AND  MOLECULAR  FORMULA. 

A  chemical  formula  is  termed  empirical  when  it  merely  gives  the  simplest 
possible  expression  of  the  composition  of  the  substance  to  which  it  refers. 
A  molecular  formula,  on  the  contrary,  expresses  the  absolute  number  of 
atoms  of  each  of  its  elements  supposed  to  be  contained  in  the  molecule,  as 
well  as  the  mere  relations  existing  betVreen  them.  The  empirical  formula 
is  at  once  deduced  from  the  analysis  of  the  substance,  reckoned  to  100 
parts;  but  to  determine  the  molecular  formula,  other  considerations  must 
be  taken  into  account:  namely,  the  combining  or  saturating  power  of  the 
compound,  if  it  is  acid  or  basic ;  the  number  of  atoms  of  any  one  of  its 
elements  (generally  hydrogen)  which  may  be  replaced  by  other  elements; 
the  law  of  even  numbers,  which  requires  that  the  sum  of  the  numbers  of 
atoms  of  all  the  perissad  elements  (hydrogen,  nitrogen,  chlorine,  &c.)  con- 
tained in  the  compound  shall  be  divisible  by  2;  and  the  vapor-density  of 
the  compound  (if  it  bo  volatile  without  decomposition)  which,  in  normally 
constituted  compounds,  is  always  half  the  molecular  weight  (p.  229). 

The  molecular  formula  may  either  coincide  with  the  empirical  formula, 
or  it  may  be  a  multiple  of  the  latter.  Thus,  the  composition  of  acetic  acid 
is  expressed  by  the  formula  CH,0,  which  exhibits  the  simplest  relations  of 
the  three  elements;  but  if  we  want  to  express  the  quantities  of  these,  in 
atoms,  required  to  make  up  a  molecule  of  acetic  acid,  we  have  to  adopt  the 
formula  CjH^O,:  for  only  one-fourth  of  the  hydrogen  in  this  acid  is  re- 
placeable by  metals  to  form  salts,  C,HjKO,,  for  example;  and  its  vapor- 
density,  compared  with  hydrogen,  is  nearly  30,  which  is  half  the  weight  of 
the  molecule,  CjH^Oj  =  2.12-f-4.1-f-2.16.  Again,  the  empirical  formula 
of  benzene  is  CH ;  but  this  contains  an  uneven  number  of  hydrogen  atoms; 
39 
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and,  moreover,  if  it  expressed  the  weight  of  the  molecule  of  beniene,  the 

12  4-1 
Tapor-density  of  that  compound  should  be  — - —  =  6*5,  whereas  expeii- 

j» 

ment  shows  that  it  is  six  times  as  great,  or  equal  to  30:  hence  the  molecukr 
formula  of  benzene  is  C^ H^ 

The  deduction  of  an  empirical  formula  from  the  ultimate  analysis  isrerj 
easy ;  the  case  of  sugar,  already  cited,  may  be  taken  as  an  example.  Tbis 
substaince  contains,  according  to  the  analysis,  in  100  parts  — 

Carbon 41-98 

Hydrogen 6*43 

Oxygen 51-69 

100-00 

If  each  of  these  quantities  be  divided  by  the  atomic  weight  of  the  eorre- 
sponding  element,  the  quotients  will  express  the  relations  existing  between 
the  numbers  of  atoms  of  the  three  elements :  these  are  afterwards  reduced  t« 
their  simplest  expression.  This  is  the  only  part  of  the  calculation  attended 
with  any  difficulty.  If  the  numbers  were  rigidly  correct,  it  would  only  be 
necessary  to  divide  each  by  the  greatest  divisor  common  to  the  whole;  sa 
they  are,  however,  only  approximative,  something  is  of  necessity  left  to  tht 
judgment  of  the  experimenter. 
In  the  case  of  sugar,  we  have 

41-98  6-48  51-59 


=  8-50;        ---s=6-43;        -— -  =  8-22, 


12  '  1  '  16 

or  850  atoms  carbon,  648  atoms  hydrogen,  and  822  atoms  oxygen.  Now  it 
is  evident,  in  the  first  place,  that  the  hydrogen  and  oxygen  are  present  in 
the  proportions  to  form  water,  or  twice  as  many  atoms  of  the  former  as  of 
thp  latter.  Again,  the  atoms  of  carbon  and  hydrogen  are  nearly  in  the 
proportion  of  12  :  22,  so  that  the  formula  Ci^Ug^On  appears  likely  to  be 
correct.  It  is  now  easy  to  see  how  far  this  is  admissible,  by  reckoning  it 
back  to  100  parts,  comparing  the  result  w'th  the  numbers  given  by  the 
actual  analysis,  and  observing  whether  the  difference  falls  fairly,  in  direction 
and  amount, 'Within  the  limits  of  error  of  what  may  be  termed  a  good  ex- 
periment, vis.,  two  or  three-tenths  per  cent,  deficiency  in  the  carbon,  and 
not  more  than  one-tenth  or  two-tenths  per  cent,  txtttt  in  the  hydrogen : 

Carbon  ,  .  .  .  12  X  12  =r  144 
Hydrogen  .  .  .  .  1  x  22  =  22 
Oxygen        .         .        .        .        16  x  H  =  176 

i42 

842  :  144  =  100  :  4211 
842  :  222  =  100  :  6-48 
842  :  176  ==  100  :  51  46 

Organic  acids  and  salt-radicals  have  their  molecular  weight-s  most  fre- 
quently determined  by  an  analysis  of  their  lead  and  silver  salt,H,  by  burning 
these  latter  with  suitable  precautions  in  a  thin  porcelain  cap<»ule,  and  noting 
the  weight  of  the  lead  oxide  or  metallic  silver  left  behind.  If  the  lead  oxide 
be  mixed  with  globules  of  r^^'lnrod  metal,  the  quantity  of  the  latter  must  be 
ascertained  by  dissolving  nway  the  oxide  with  acetic  ncid.  Or  the  lead  salt 
may  be  converted  into  sulphuie,  and  the  silver  compound  into  chloride,  and 
both  metals  thus  estimated.     An  organic  base,  on  the  contrary,  has  its 
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moleeal«r  weight  fixed  hj  the  obserraiion  of  the  qaantitj  of  a  mineral 
acid,  or  an  inorganic  salt-radical,  required  to  form  with  it  a  combination 
having  the  characters  of  neutrality. 

The  rational  and  constitutional  formulsB  of  organic  compounds  will  bo 
eoDsidered  further  on. 


^.190. 


DETERMINATION  OP  THE  DENSITY  OF  VAPORS. 

The  determination  of  the  specific  grayity  of  the  vapor  of  a  Tolatile  sub- 
stance is  frequently  a  point  of  great  importance,  inasmuch  as  it  gives  the 
means,  in  conjunction  with  the  analysis,  of  representing 
the  constitution  of  the  substance  by  measure  in  a  gaseous 
etate.     The  following  is  a  sketch  of  the  plan  of  operation 
nsually  followed  :  —  Alight  glass  globe  about  three  inches 
iQ  diameter  is  taken,  and  its  neck  softened  and  drawn  out 
in  the  blowpipe  >flame,  as  represented  in  fig.  190:  this  is 
accurately  weighed.     About  one  hundred  grains   of   the 
Tolatile  liquid  are  then  introduced,  by  gently  warming  the 
globe  and  dipping  the  point  into  the  liquid,  which  is  then 
forced  upwards  by  the  pressure  of  the  air  as  the  vessel 
cools.     The  globe  is  next  firmly  attached  by  wire  to  a  han- 
dle, in  such  ft  manner  that  it  may  be  plunged  into  a  bath 
of  boiling  water  or  heated  oil,  and  steadily  held  with  the 
point  projecting  upwards.     The  bath  must  have  a  temper- 
ature considerably  above  that  of  the  boiling  point  of  the 
liquid.     The  latter  becomes  rapidly  converted  into  vapor, 
which  escapes  by  the  narrow  orifice,  chasing  before  it  the 
air  of  the   globe.     When  the   issue  of  vapor  has  wholly 
ceased,  and  the  temperature  of  the  bath,  carefully  observed,  appears  pretty 
uniform,  the  open  extremity  of  the  point  is  hermetically  sealed  by  a  small 
blowpipe-flame.     The  globe  is  removed  from  the  bath,  suffered  to  cool, 
cleansed  if  necessary,  and  weighed,  after  which  the  neck  is  broken  off  be- 
neath the  surface  of  water  which  has  been  boiled  and  cooled  out  of  contact 
of  air,  or  (better)  of  mercury.     The  liquid  enters  the  globe,  and,  if  the 
expulsion  of  the  air  by  the  vapor  hns  been  complete,  fills  it:  if  otherwise, 
an  air-bnbble  is  left  whose  volume  can  be  easily  ascertained  by  pouring  the 
liquid  from  the  globe  into  a  graduated  jar,  and  then  refilling  the  globe,  and 
repeating  the  same  observation.     The  capacity  of  the  vessel  is  thus  at  the 
same  time  known:  and  these  are  all  the  data  required.*    An  example  will 
render  the  whole  intelligible. 


Determinaiion  of  the  VapoT'Deruiiy  of  Acetone, 

Capacity  of  globe 81*61  cubic  inches. 

Weight  of  globe  filled  with  dry  air  at  b2?  P.  and 

30-24  inches  barometer         .         -        .         .         . 
Weight  of  globe  filled  with  vapor  at  212°  F.  temp,  of 

the  bath  at  the  moment  of  sealing  the  point,  and 

30*24  inches  barometer        ..... 
Residual  air,  at  45®  F.,  and  80-24  inches  barometer 


2070-88  grains. 


2076-81  grains. 
0*60  cubic  inches. 


•  MoRin.  Plajfair  and  WanVlj-n  hare  lately  described  an  Important  modification  of  this 
procew,  whereby  the  d<>oaicle«  of  a  Tapur  at  temperainrM  below  the  boiling  point  of  the  liquid 
■My  be  det«nnined.  Tbi«  object  tt  attained  by  mixing  the  vapor  of  the  body  with  a  meaa- 
Qr«d  Tolame  of  a  permanent  gas— hydrogen,  for  instance. — Joum.  qf  the  Chem.  <Sbc.,  vol.  xv. 
p.  14a. 
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81*61  cubic  inches  of  air  at  62^  and  80-24  in.  bar.  =32-36  cubic  inches  mt 
60^  F.f  and  30  inch  bar.,  weighing       ....         10-OSo  grains. 
Hence,  weight  of  empty  globe,  2070-88^10-035  =  2060-845  grains. 


0-6  cubic  inch  of  air  at  45°  =  0-8  cubic  inch  at  212*^;  weight  of  do.  hj  cal- 
culation .=  0-1 91  grain. 

81-61  —0-8  =  30-81  cubic  inches  of  vapor  at  212<>  and  80-24  in.  bar.,  whi«h, 
on  the  mppotilion  that  it  vould  bear  cooling  to  60^  vithout  liqtiefaction,  would, 
at  that  temperature,  and  under  a  pressure  of  .80  inch,  bar.,  become  re- 
duced to  24 -18  cubic  inches. 

Hence, 

Weight  of  globe  and  vapor 2076-810  grains. 

**  residual  air 0-191 


2076-619      " 


Weight  of  globe 2060  845 


•t 


Weight  of  the  24-18  cubic  inches  of  vapor  .  .  .  15-774  " 
Consequently^  100  cubic  inches  of  such  vapor  must  weigh  65  23  ** 
100  cubic  inches  of  air,  under  similar  circumstances,  weigh  31-01  " 
65-23 

s=  2-103,  the  specific  gravity  of  the  vapor  in  question,  air  being  unity. 

81-01 

Or,  the  weight  of  100  cubic  inches  of  hydrogen  being  2-14  gruna, 
65  23 

=  SO-44  is  the  specific  gravity  of  acetone  vapor  referred  to  hydrogea 

2-14 

as  unity. 

In  the  foregoing  statement,  we  have,  for  the  sake  of  simplicity,  omitted 
a  correction,  which,  in  very  exact  experiments,  must  not  be  lost  sight  of, 
viz.,  the  expansion  and  change  of  capacity  of  the  glass  globe  by  the  ele- 
vated temperature  of  the  bath.  The  density  so  obtained  will  be  always  on 
this  account  a  little  too  high. 

The  error  of  the  merourial  thermometer  at  high  temperatures  is  in  the 
opposite  direction. 

The  preceding  method,  which  is  that  of  Dumas,  is  applicable  to  the  de- 
termination of  the  vapor-densities  of  all  substances  whose  boiling  points  are 
within  the  range  of  the  mercurial  thermometer,  that  is  to  say,  not  exceed- 
ing 300^0.  (572^  F.),  and  therefore  to  nearly  all  volatile  organic  compounds: 
indeed,  there  are  but  few  such  compounds  which  can  bear  higher  tempera- 
tures without  decomposition.  But  for  mineral  substances,  such  as  sulphar, 
iodine,  volatile  metallic  chlorides,  &c.,  it  is  often  necessary  to  employ  much 
higher  temperatures ;  and  for  such  cases  a  modification  of  the  process  has 
been  devised  by  Deville  and  Troost.  It  consists  in  using  a  globe  of  porcc* 
lain  instead  of  glass,  heating  it  in  the  vapor  of  a  substance  whose  boiling 
point  is  known  and  constant,  and  sealing  the  globe  by  the  flame  of  the  oxy- 
hydrogen  blowpipe.  The  vapors  employed  fbr  this  purpose  are  those  of 
mercury,  which  boils  at  350°  C.  (662°  F.) ;  of  sulphur,  which  boils  at  440°  C. 
(824°  F. ) ;  of  cadmium,  boiling  at  860°  C.  (1580°  F.)  ;  of  line,  boiling  at  1040° 
C.  (1900°  F.).  The  use  of  these  liquids  of  constant  boiling  point  obviates 
the  necessity  of  determining  the  temperature  in  each  experiment,  which  at 
such  degrees  of  heat  would  be  very  diflicult. 

In  the  processes  above  described,  the  density  of  a  vapor  is  determined 

~  weighing  the  quantity  of  the  vapor  contained  in  a  vessel  of  known  ca- 
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pacify.  Another  method,  devised  by  Gay^Lussao,  consists  in  ascertaining 
the  Tolome  occupied  by  a  given  weight  of  substance  when  heated  up  to  a 
temperature  considerably  above  its  boiling  point. 

The  density  of  a  vapor  referred  to  air  as  unity  may  be  converted  into 
that  which  it  has  compared  with  hydrogen,  by  dividing  by  0*06926,  the 
specific  gravity  of  hydrogen  referred  to  air  as  unity. 

The  vapor-density  of  a  compound  thus  determined,  that  is  to  say,  the 
weight  of  a  unit-volume  of  its  vapor  compared  with  that  of  hydrogen,  is 
found  to  be  in  nearly  all  cases  half  its  molecular  weight ;  for  example,  the 
molecular  weight  of  acetone,  C.H^O,  is  86  -f  6  -f-  16  =  58,  the  half  of 
which  is  29,  or  nearly  equal  to  the  vapor-density  of  acetone  determined  by 
eiperiment.  Hence  the  law  already  stated  (p.  229),  that  the  molecules  of 
all  normally  constituted  compounds  in  the  state  of  vapor  occupy  twice  the 
Tolume  of  an  atom  of  hydrogen. 

Some  compounds,  however,  exhibit  a  departure  from  this  rule,  their  ob- 
8«rTed  specific  gravities  being  equal  to  only  one-fourth  their  molecular 
weights,  or  their  molecules  occupying  four  times  the  volume  of  an  atom  of 
hydrogen.  Such  is  the  case  with  8al-ammoniac,  NH4CI,  phosphorus  penta- 
chloride,  PCl^,  sulphuric  acid,  SO4H2,  ammonium-sulph-hydrate,  SH(NH4), 
and  a  few  others.  This  anomaly  is  probably  due,  in  some  cases  at  least,  to 
a  decomposition  or  "dissociation"  of  the  compound  at  the  high  tempera- 
tare  to  which  it  is  subjected  for  the  determination  of  its  vapor-density ; 
NH4CI,  for  example,  splitting  up  into  NH3  and  HCl,  each  of  which  occupies 
two  Tolnmea,  and  the  whole  therefore  four  volumes ;  and  in  like  manner 
SO4H,  may  be  supposed  to  separate  into  SO.  and  OH.;  PCL  into  PCL  and 
CI,;  SH(NH4)  into  SH,  and  NH,.  &c. 

On  the  other  hand,  some  substances,  both  simple  and  compound,  exhibit, 
at  temperatures  not  far  above  their  boiling  points,  vapor-densities  consider- 
ably greater  than  they  should  have  according  to  the  general  law,  whereas 
when  raised  to  higher  temperatures  they  exhibit  normal  vapor-densities. 
Thus  sulphur,  which  boils  at  440°  C.  (824<>  F.),  exhibits  at  1000°  C.  (1882o 
F.j,  like  elementary  gases  in  general,  a  vapor-density  equal  to  its  atomic 
weight,  via.,  32  (see  p.  229) ;  but  at  600°  C.  (932°  F.)  its  vapor-density  is 
nearly  three  times  as  great.     Again,  acetic  acid,  C^H^O,,  whose  molecular 
weight  \9  2i  -{-  4  -{-  16  ^^  60,  has,  at  temperatures  considerably  above  its 
boihng  point,  a  Vapor-density  nearly  equal  to  80;  but  at  126°  C.  (267°  F.), 
8°  C.  (14°  F.)  above  its  boiling  point,  its  vapor-density  is  )rather  more  than 
45,  or  1}  times  as  great.    This  anomalous  increase  of  vapor-density  appears 
to  take  place  when  the  substance  approaches  its  liquefying  point,  at  which 
also  it  exhibits  irregularities  in  its  rate  of  expansion  and  contraction  by  varia- 
tions of  pressure  and  temperature  —  at  which,  in  short,  it  begins  to  behave 
itself  like  a  liquid ;   but  at  higher  temperatures  it  exhibits  the  physical 
characters  of  a  perfect  gas,  and  then  also  its  specific  gravity  becomes  hormal. 
There  are  two  elements,  however,  namely,  phosphorus  and  arsenic,  which, 
ftt  all  temperatures  hitherto  attained,  exhibit  a  vapor-density  twice  as  great 
&8  they  should  have  according  to  the  general  law,  th&t  of  phosphorus  being 
always  62,  and  that  of  arsenic  150.     This  has  been  explained  by  supposing 
that  the  molecule  of  each  of  these  elements  in  the  free  state  contains  4  atoms 
instead  of  two,  as  is  the  case  with  most  elementary  bodies ;  thus  the  mole- 
cule of  phosphorus  is  supposed  to  be  represented  by  the  formula 

1»=P 


III 
89* 


P. 
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DECOMPOSITIONS  AND  TRANSFORMATIONS  OF  ORGANIC 

COMPOUNDS. 

Organic  bodies  are,  generally  speaking,  distinguished  by  the  facility  with 
which  they  decompose  under  the  influence  of  heat  or  of  chemical  reagents: 
the  more  complex  the  body,  the  more  easily  does  it  undergo  decomposition 
or  transformation. 

1.  Action  of  Heat. — Organic  bodies  of  simple  constitution  and  of  some 
permanence,  but  not  capable  of  subliming  unchanged,  like  many  of  the  organic 
acids,  yield,  when  exposed  to  a  high,  but  regulated  temperature,  in  a  retort, 
new  compounds,  perfectly  definite  and  often  crystallizable,  which  partake, 
to  a  certain  extent,  of  the  properties  of  the  original  substance ;  the  namer- 
ous  pyro-acida,  of  which  many  examples  will  occur  in  the  succeeding  pages, 
are  thus  produced.  Carbon  dioxide  and  water  are  often  eliminated  under 
these  circumstances.  If  the  heat  be  suddenly  raised  to  redness,  the  regu- 
larity of  the  decomposition  vanishes,  while  the  products  become  more  un- 
certain and  more  numerous;  carbon  dioxide  and  watery  vapor  are  suc- 
ceeded by  inflammable  gases,  as  carbon  monoxide  and  hydrocarbons;  oilj 
matter  and  tar  distil  over,  and  increase  in  quantity  until  the  close  of  the 
operation,  when  the  retort  is  found  to  contain,  in  most  cases,  a  residue  of 
charcoal.     Such  is  dry  or  dutructive  distillation. 

If  the  organic  substance  contains  nitrogen,  and  is  not  of  a  kind  capable 
of  taking  a  new  and  permanent  form  at  a  moderate  degree  of  heat,  then 
that  nitrogen  is  in  most  instances  partly  disengaged  in  the  t^hape  of  ammo- 
nia, or  substances  analogous  to  it,  partly  left  in  combination  with  the  car- 
bonaceous matter  in  the  distillatory  vessel.  The  products  of  dry  distillation 
thus  become  still  more  complicated. 

A  much  greater  degree  of  regularity  is  observed  in  the  effects  of  heat  on 
fixed  organic  matters,  when  these  are  previously  mixed  with  an  excess  of 
strong  alkaline  base,  as  potash  or  lime.  In  such  cases  an  acid,  the  nature 
of  which  is  chiefly  dependent  upon  the  temperature  applied,  is  produced, 
and  remains  in  union  with  the  base,  the  residual  element  or  elements  escap- 
ing in  some  volatile  form.  Thus  benzoic  acid  distilled  with  calcium  hy- 
drate, at  a  dull  red  heat,  yields  calcium  carbonate  and  bensene ;  woody 
fibre  and  caustic  potash,  heated  to  a  very  moderate  temperature,  yield  free 
hydrogen,  and  a  brown,  somewhat  indefinite  substance  called  ulmic  odd; 
with  a  higher  degree  of  heat,  oxalic  acid  appears  in  the  place  of  the  ulmic; 
and,  at  the  temperature  of  ignition,  carbon  dioxide,  hydrogen  being  the 
other  product. 

2.  Action  of  Oxygen. — Oxygen,  either  free  or  in  the  nascent  state,  in 
which  latter  condition  it  is  most  active,  may  act  on  organic  compounds  in 
four  difi'erent  ways: 

a.  By  simple  addition,  as 

CjH^O  -f-  0  =  CjH^O, 
Aldehyde.  Acetic  acid. 

/?.  By  simply  removing  hydrogen: 

CjHeO  -f  0  =  OH,  +  C.H^O 
Alcohol.  Aldehyde. 

y.  By  removing  hydrogen  and  taking  its  place,  2  atoms  of  hydrogen  being 
replaced  by  one  of  oxygen ;  e.  g, : 

C.HgO  4-  Oj,  =  OH,  4-  CjH^O, 
Alcohol.  Acetic  acid. 
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L  By  remoTing  both  carbon  and  hydrogen.  In  this  manner  complex 
organic  bodies  containing  large  numbers  of  carbon  and  hydrogen  atoms  are 
redaoed  to  others  of  simpler  constitution,  and  ultimately  the  carbon  and 
hydrogen  are  wholly  conrerted  into  carbon  dioxide  and  water.  Nitrogen, 
chlorine,  bromine,  and  iodine,  if  present,  are  at  the  same  time  disengaged, 
for  the  most  part  in  the  free  state,  and  sulphur  is  oxidized. 

Moist  organic  substances,  especially  those  containing  nitrogen,  undergo, 
when  exposed  to  the  air,  a  slow  process  of  oxidation,  by  which  the  organic 
matter  is  gradually  burned  and  destroyed  without  sensible  elevation  of 
temperature;  this  process  is  called  Deeay^  or  Eremacautii.  Closely  con- 
nected with  this  change  are  those  called  Fermentation  and  Putrefaetion,  con- 
sisting in  a  new  arrangement  of  the  elements  of  the  compound  (often  with 
assimilation  of  the  elements  of  water),  and  the  consequent  formation  of  new 
products.  The  change  is  called  puirejfaetion,  when  it  is  accompanied  by  an 
offensive  odor ;  fermentation^  when  no  such  odor  is  evolved,  and  especially 
if  the  change  results  in  the  formation  of  useful  product-s :  thus,  the  decom- 
position of  a  dead  body,  or  of  blood  or  urine,  is  putrefaction ;  that  of  grape- 
juice  or  malt-wort,  which  yields  alcohol,  is  fermentation.  Putrefaction 
and  fermentation  are  not  processes  of  oxidation ;  nevertheless,  the  presence 
of  oxygen  appears  to  be  indispensable  to  their  commencement;  but  the 
change,  when  once  begun,  proceeds  without  the  aid  of  any  other  substance 
external  to  the  decomposing  body,  unless  it  be  water  or  its  elements.  Every 
case  of  putrefaction  thus  begins  with  decay ;  and  if  the  decay,  or  its  cause, 
namely,  the  absorption  of  oxygen,  be  prevented,  no  putrefaction  occurs. 
The  most  putrescible  subst'inces,  as  animal  flesh  intended  for  food,  milk, 
and  highly  azotized  vegetables,  are  preserved  indefinitely,  by  enclosure  in 
metallic  cases  from  which  the  air  has  been  completely  removed  and  excluded. 

Fermentation  and.  putrefaction  are  always  accompanied  by  the  develop- 
ment of  certain  living  organisms  of  the  fungous  class ;  but  whether  the 
growth  of  these  is  a  cause  or  a  consequence  of  the  chemical  change  is  a 
point  not  yet  decided.  We  shall  return  to  this  subject  in  speaking  of  the 
fermentation  of  sugar. 

3.  Action  of  Chloriney  Bromine^  and  Iodine. — Chlorine  and  bromine  exert 
precisely  similar  actions  on  organic  bodies ;  that  of  chlorine  is  the  more 
energetic  of  the  two.     The  reactions  consist: 

a.  In  simple  addition  of  chlorine  or  bromine  to  the  organic  molecule ;  e.  g. : 

C4H4O4  +  Br,  =r  Cflfirfi^ 
Fumario  Dibromosucoinio 

acid.  acid. 

$,  In  removal  of  hydrogen  without  substitution : 

C,H,0  +  CI,  =  2HC1  +  CMfi 
Alcohol.  Aldehyde. 

y.  In  substitution  of  chlorine  or  bromine  for  hydrogen : 

CjH^O,  -f  CI,  =  HCl  -f  C-HjClO, 
Acetic  Chloracetio 

acid.  acid. 

CjH^O,  +  8C1,  =  3HC1  +  CjHCljO, 
Acetic  Trichloracetic 

acid.  acid 

The  substitution-products  thus  formed  undergo  transformations  closely 
analogous  to  those  of  the  original  compounds,  under  the  influence  of  simi- 
lar reagents;  but  they  are  always  more  acid,  or  less  basylous,  in  propor- 
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tioD  to  the  quantity  of  chlorine  or  bromine  substituted  for  hydrogen.  Thus 
aniline,  C^HfN,  which  is  a  strong  base,  may  be  converted,  by  processes  to 
be  hereaf'ier  described,  into  •the  chlorinated  compounds,  C^H^CIN,  CJdfii^^ 
and  CgU^ClgN,  the  first  and  second  of  which  are  less  basic  than  aniline 
itself,  wliile  the  third  does  not  show  any  tendency  to  form  salts  with  acids 

6.  In  presence  of  water  they  remove  the  hydrogen  of  that  liquid,  and  set 
free  the  oxygen :  hence,  chlorine-water  and  bromine-water  act  ss  powerful 
oxidizing  agents. 

Iodine  may  also  act  in  this  manner  as  an  oxidizing  agent ;  and  it  some- 
times attaches  itself  directly  to  organic  molecules ;  but  it  nerer  acts  directly 
by  substitution.  Iodine  substitution-products  may,  howcTer,  be  obtained 
in  some  cases  by  treating  organic  bodies  with  chloride  of  iodine,  the  chlor- 
ine then  removing  hydrogen,  and  the  iodine  taking  its  place. 

4.  Actum  of  Mine  Acid.  —  This  acid  acts  very  powerfully  on  organic  sub- 
stances.    The  action  may  be  of  three  kinds: 

a.  Direct  combination,  as  with  organic  bases ;  e.  g, : 

C,H^N     +     NO,H    =    C,H^N.NO,H 
Ethylamine.        Nitric  Ethylamine 

acid.  nitrate. 

$,  Oxidation.     This  mode  of  action  is  most  f^quently  obaerred  with  the 
somewhat  diluted  acid, 
y.  Substitution  of  nitryl  (NO,)  for  hydrogen ;  e.  g.  : 

CeHe    +     NO,(OH)    =    OH,    -f    C.H,(NO,) 
Benzene.      Nitric  acid.  Nitrobenzene. 

CfHio<>5    +    8N0,(0H)    =    80H,  ^-     CeH7(N0,^,0g 
Cellulose.         Nitric  acid.  Tritrocellulose 

(gun-cotton). 

This  action  takes  place  most  readily  with  the  strongest  nitric  acid  (pure 
hydrogen  nitrate).  The  products  (called  nitro-compoundt)  are  alwajs  easily 
combustible,  and  in  many  cases  highly  explosive. 

6.  Action  of  Alkaliet. — The  hydrates  of  potassium  and  sodium  set  on 
organic  bodies  in  a  great  variety  of  ways,  the  most  important  and  general 
of  which  are  the  following :  — 

a.  By  direct  combination : 

CO  +         OKH        =        CHKO, 

Carbon  Potassium  Potassium 

monoxide.  hydrate.  formate. 

C,oH„0      +  OKH        =      C„^H„KO, 

Camphor.  Potassium  Potassium 

hydrate.  campholate. 

/?.  By  double  decomposition  with  acids,  water  being  eliminated,  and  s 
salt  produced : 

C,H,0,.H         +        OKH       =r        OH,        -f        C,H30,.K 
Acetic  acid.  PoUssium 

acetate, 
y.  Oxidation,  with  elimination  of  hydrogen: 

C,HeO    -f    OKH    =    C,H,KO,    +    2H, 
Alcohol.  Potassium 

acetate. 

4.  From  chlorinated  compounds  they  remove  a  part  or  the  whole  of  tiie 
chlorine : 
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C.H^Cl,     +      OKH      =      C,H,C1      +      KCl      +      OH, 
Ethene  Cblor- 

ehloride.  ethene. 

CjH„Cl      +      OKH      =       CgH,^       +      KCl      +      OH, 
Amyl  Amylene. 

chloride. 

c  Amides  (pp.  316,  471)  are  deoomposed  bj  them  in  such  a  manner  that 
the  whole  of  the  nitrogen  is  given  off  as  ammonia,  and  a  potassium  or 
sodium  salt  of  the  corresponding  acid  is  produced : 

NH,.CaH,0     +     OKH     =     NH,    +     CaH,O.OK 
Acetamide.  Potassium 

acetate. 

Many  other  azotized  organic  compounds,  when  heated  with  alkaline 
hydrates,  likewise  give  up  the  whole  of  their  hydrogen  in  the  form  of 
ammonia. 

6.  AeUon  of  Reducing  Agents.  —  This  name  is  giTcn  to  bodies  whose  action 
is  the  inTcrse  of  that  of  oxygen,  chlorine,  bromine,  and  iodine ;  such  are 
nascent  hydrogen,  obtained  by  the  action  of  sodium-amalgam  on  water,  or 
hy  that  of  zinc  on  aqueou;}  acids  or  alkalies ;  also  hydrogen  sulphide,  am- 
monium sulphide,  sulphurous  acid,  and  metals,  especially  potassium  and 
sodium,  all  of  which  either  give  up  hydrogen,  or  abstract  oxygen,  chlor- 
ine, &c. 

Reducing  agents  may  act  in  the  following  ways:  — 

«.  By  adding  hydrogen  to  an  organic  body : 

CjH^O    +    HH    ^    CjH.O 
Ethene  Alcohol, 

oxide. 

$*  By  remoTing  oxygen,  chlorine,  bromine,  or  iodine,  without  introducing 
inything  in  its  place ;  thus : 

CtH«0,    +     HH     =5     OH,    +    C^H^b 
Benzoic  Benzoic 

acid.  aldehyde. 

y.  By  substituting  hydrogen  for  oxygen,  chlorine,  &c.  This  process  is 
ealled  mveree  tultsliltUioti,  It  may  take  place  either  in  equivalent  quanti- 
ties; e.  g,: 

C^HjO  .  OH    +    2HH    =    OH,    +    C^H,  .  OH 
Benzoic  Benzylic 

acid  alcohol 

or  it  may  happen  that  the  quantity  of  hydrogen  introduced  is  only  half 
that  which  is  equivalent  to  the  oxygen  removed.  This  mode  of  substitu- 
tion takes  place  with  nitro-compounds,  which  are  thereby  reduced  to  others 
containing  amidogen,  (NH,),  in  place  of  nitryl,  (NO,) ;  thus : 

CeH4(N0,)    +     8H,    «    20H,    +     C^HjCNH,) 
Nitrobenzene.  Amidobenzene 

(aniline). 

A  large  number  of  organic  bases  are  formed  in  this  manner  from  nitro- 
compounds. 

7.  Action  of  Dehydrating  Agents. — Strong  sulphuric  acid,  sulphuric  oxide, 
phosphoric  oxide,  and  zinc  chloride  remove  oxygen  and  hydrogen  from 
organic  bodies  in  the  form  of  water,  the  elements  of  which  are  derived, 
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sometimes  from  a  single  molecule  of  the  organic  body,  sometimes  from  two 
molecules : 

CjH^O    —    OH,    =    C,H^ 
Alcohol.  Ethene. 

2CjH,0    —    OH,    =    C^H^O 
Alcohol.  Ether. 

Compounds  which,  like  sugar,  starch,  and  woody  fibre,  oonsisl  of  carbon 
united  with  hydrogen  and  oxygen  in  the  proportions  to  form  water,  are 
often  reduced  by  these  dehydrating  agents  to  black  substances  consisting 
mainly  of  carbon. 

Other  reactions  of  less  generality  than  those  above  described  will  be  suffi- 
ciently illustrated  by  special  cases  in  the  sequel. 


CLASSIFICATION  OF  ORGANIC  COMPOUNDS.— ORGANIC  SERIES. 

The  classification  of  organic  compounds  is  based  upon  the  equiralence  or 
atomicity  of  carbon.  This  element  is  a  tetrad,  being  capable  of  uniting 
with  at  most  four  atoms  of  hydrogen  or  other  monatomic  elements.  Me* 
thane  or  marsh  gas,  CH^,  is  therefore  a  saturated  hydro^earbon,  not  eaps' 
ble  of  uniting  directly  with  chlorine,  bromine,  or  other  monad  elements, 
but  only  of  exchanging  a  part  or  the  whole  of  its  hydrogen  for  an  equix- 
alent  quantity  of  another  monad  element.  It  may,  however,  as  alreadj 
explained  (p.  235),  take  up  any  number  of  dyad  elements  or  radicals,  be- 
cause such  a  radical  introduced  into  any  group  of  atoms  whatever,  neutral- 
ises one  unit  of  equivalency,  and  adds  another,  leaving  therefore  the  com- 
bining power  or  equivalence  of  the  group  just  the  same  as  before.  Ac- 
cordingly, the  hydro-carbon,  CH4,  may  take  up  any  number  of  molecules 
of  the  bivalent  radical,  CH,,  thereby  giving  rise  to  the  series  of  saturated 
hydro-carbons, 

CH^,        CgHf,        C9H3,        C4H|0  .  .  .  .  C  Hifcpfi.* 

A  series  of  compounds,  the  terms  of  which  differ  ftrom  one  another  by 
CH,,  is  called  an  homologous  teriea.  There  are  many  such  series  besides  that 
of  the  hydro-carbons  just  mentioned ;  thus  methyl-chloride,  CHgCl,  gires 
by  continued  addition  of  CH,,  the  series  of  chlorides, 

CHjCl,        CjHgCl,        CjHyCl.        C^H.Cl  .  .  .  C  Hfc+  CI; 

and  from  methyl-alcohol,  CH4O,  is  derived  in  like  manner  the  series  of 
homologous  alcohols, 

CH4O,        CjH^O,        CjHjO,        C4H„0  .  .  .  C,Hfc+  O. 

The  terms  of  the  same  homologous  series  resemble  one  another  in  many 
respects,  exhibiting  similar  transformations  under  the  action  of  given  re- 
agents, and  a  regular  gradation  of  properties  from  the  lowest  to  the  high- 
est ;  thus,  of  the  hydro-carbons,  C.  H^-|-t,  the  lowest  terms  CH^,  C,Hf,  and 
C,H,.  are  gaseous  at  ordinary  temperatures,  the  highest  containing  20  or 
more  carbon -atoms,  are  solid,  while  the  intermediate  compounds  are  liquids, 
becoming  more  and  more  viscid  and  less  volatile,  as  they  contain  a  greater 
number  of  carbon-atoms,  and  exhibiting  a  constant  rise  of  about  20°  C. 
(36°  F.)  in  their  boiling  points  for  each  addition  of  CH,  to  the  molecule. 

The  saturated  hydro-carbons,  C.  H^^.^  may,  under  various  circumstances, 

•  See  page  284. 
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be  depriTed  of  two  atoms,  or  one  molecule,  of  hydvogen,  thereby  producing 
a  new  homologous  series, 

CHp         C|H^         CgHf,         ^4^s  *  *  *  ^•"sb. 

These  are  unsaturated  molecules,  having  two  units  of  equivalency  unoom- 
bined,  and  therefore  acting  as  bivalent  radicals,  capable  of  taking  up  2 
atoms  of  chlorine,  bromine,  or  other  univalent  radicals,  and  1  atom  of  oxy- 
gen or  other  bivalent  radical. 

The  first  term  of  this  last  series  cannot  give  up  2  atoms  of  hydrogen 
without  being  reduced  to  the  atom  of  carbon ;  but  the  remaining  terms  may 
each  give  up  2  atoms  of  hydrogen,  and  thus  give  rise  to  the  series, 

Crj-Hy  Lfail^  (y^Ug    •     •     •     •     i^a 'U^— f* 

each  term  of  which  is  a  quadrivalent  radical. 

And,  in  like  manner,  by  successive  abstractions  of  H,,  a  nun^er  of  ho- 
mologous series  may  be  formed  whose  general  terms  are 

The  individual  series,  as  far  as  C^.  are  given  in  the  following  table,  to- 
gether with  the  names  proposed  for  them  by  Dr.  Hofmann:  * 

CH^  CH, 

Methane  Methene 

CjHg  ^2^4  ^s'*! 

Ethane      Ethene      Ethine 

C,Hg  ^s^t  ^8^4  ^8^t 

Propane  Propene  Propine  Propone 

C^Hjg  ^4^9  ^4^6  ^4^4  ^4^1 

Qnartane  Qnartene  Quartine  Quartone  Quartune 

^S^n  ^5^10  ^6^^8  ^5^6  ^5^4  ^i^t 

Quintane  Quintene  Quintine  Quintone  Quintune 

CjH,^  CjH,,  ^6^10  ^6^8  ^6^6  ^9^4  ^tPv 

Sextane    Sextene  Sextine     Sextone  Sextune 

Each  vertical  column  of  this  table  forms  a  homologous  series,  in  which 
the  terms  differ  by  CH^  and  each  horizontal  line  an  Uologout  series,  in  which 
the  successive  terms  differ  by  H,.  The  bodies  of  these  last  series  are 
designated  as  the  monocarbon,  dicarbon  group,  &c. 

The  formulffi  in  the  preceding  table  represent  hydrocarbons  all  of 
which  are  capable  of  existing  in  the  separate  state,  and  many  of  which 
have  been  actually  obtained.  They  are  all  derived  from  saturated  mole- 
cules, C.  H^+f.  by  abstraction  of  one  or  more  pairs  of  hydrogen-atoms. 

But  a  saturated  hydrocarbon,  CH^.  for  example,  may  give  up  1,  2,  3,  or 
iny  number  of  hydrogen-atoms  in  exchange  for  other  elements;  thus  marsh 
gis,  CH4,  subjected  to  the  action  of  chlorine  under  various  circumstances, 
yields  the  substitution*  products, 

CHjCl,  CHjCly  CHCV  CCI4, 

which  may  be  regarded  as  compounds  of  chlorine  with  the  radicals, 

(CH,)/,  (CH,)//,  (CH,)///,  C" ; 

and  in  like  manner  each  hydrocarbon  of  the  series,  C.  H,B+2f  ™^7  yield  a 
series  of  radicals  of  the  forms, 

(C.  H,.+,)/,        (C.  Hfc)//,        (C.  H^, )///,        (C.  n^)^,  &c. 

Mch  of  which  has  an  equivalent  value,  or  combining  power,  corresponding 

*  Proeeediaga  of  the  fioyal  Society,  zv.  67. 
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with  the  number  of  hydrc^n-atoms  abstracted  from  the  original  hydt^ 
carbon.  Those  of  even  equiTalence  contain  even  numbers  of  hydrofen* 
atoms,  and  are  identical  in  composition  with  those  in  the  table  above  prea; 
but  those  of  uneven  equivalence  contain  odd  numbers  of  hjdrogen-atom^ 
and  are  incapable  of  existing  in  the  separate  state,  except,  perhaps,  as 
double  molecules  (p.  288). 

These  hydrocarbon  radicals  of  nneven  equivalence  are  designated  by 
names  ending  in  yl,  those  of  the  univalent  radicals  being  formed  from  me- 
thane, ethene,  &c.,  by  changing  the  termination  ane  into  yl;  those  of  the 
trivalent  radicals  by  changing  the  final  e  in  the  names  of  the  bivalent 
radicals,  methene,  &c.,  into  yl;  and  similarly  for  the  rest.  The  names  of 
the  whole  series  will  therefore  be  as  follows:  — 

CH^      (CH3)'      (CH,)''      rCH)'^-^ 
Methane  Methyl    Metbene  Methenyl 

C,H,    (CH.)'    (C,H,)"    (CH,)'"    (C-H,)"     (C^)' 
Ethane     Ethyl       Ethene      Etlenyl      Ethine      Ethinyl 

C,H,  (C,H,)'  (C,H,)"  (C,H,)'"  (CjH,)"  (C,H,)'  (C,H.)-  (C,H)- 
Propane  Propyl    Propene   Propenyl    Propine  Propiny  1  Propone  ProponjL 

&c.  &c.  &e. 

From  these  hydrocarbon  radicals,  others  of  the  same  degree  of  eqnivt- 
lence  may  be  derived  by  partial  or  total  replacement  of  the  hydrogen  bj 
other  elements,  or  compound  radicals.  Thus  from  propyl,  C^Hf,  msy  b€ 
derived  the  following  univalent  radicals :  — 

CjH^Cl  C,H,Cl4  C,H,0  C,H.C1,0  C,H,(CK)' 

Chloropropyl   Tetrachloro-   Oxypropyl        Trichlor-         CyanopropyL 

propyl  oxypropyl 

C.H,(NO,)  C,H,(NH,)0  C,H,(CH,)  C,H^C,H,), 

Nitropropyl        Amidoxypropyl      Methylpropyl      DiethylpropyL 

From  the  radicals  above  mentioned,  all  well-nlefined  organic  ctnnpotinds 
may  be  supposed  to  be  formed  by  combination  and  substitution,  each  radical 
entering  into  combination,  just  like  an  elementary  body  of  the  same  degree 
of  equivalence. 

Organic  compounds  may  thus  be  arranged  in  the  following  classes: 

I.  Bydrocarbont  containing  even  numhera  of  hydrogen  atonu. — These  are  the 
compounds  tabulated  on  page  467 ;  they  are  sometimes  regarded  as  hy- 
drides of  radicals  containing  uneven  numbers  of  hydrogen  atoms;  e.  g,: 

Methane,  CH^    =s     CH,  .  H,  Methyl  hydride. 

IL  ffalotd  Ethers, — Compounds  of  hydrocarbons  with  halogens;  e.  p.: 

CH3CI  CjH^Br,  C,HJ, 

Methyl  chloride.        Ethene  bromide.        Propenyl  iodide. 

These  compounds  are  often  formed  by  direct  substitution  of  chlorine,  bro- 
mine, &c.,  for  hydrogen  in  hydrocarbons  containing  even  numbers  of  hydro- 
gen atoms. 

III.  Alcohols.  —  Compounds  of  hydrocarbon  radicals  (hence  caUed  dUoikol 
reukeals),  with  hydroxyl ;  e.  ff.i 

CJVHO)  (C,HJ'/(HO),  (C,H,)'//(HO), 

Ethyl  alcohol.  Ethene  alcohol  Propenyl  alcohol 

(Glycol).  (Glycerin). 

These  compounds  may  be  formed  from  the  corresponding  haloid  ethers,  bj 
the  action  of  water  or  alkalies,  just  as  metallio  hydrates  are  formed  from 
the  corresponding  chlorides,  &c. 
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lY.  Oxygen  Ethers,  or  Alcoholic  Oxides,  —  Compounds  of  hydrocarbon 
radicals  with  oxygen ;  e.  g. : 

(C,H,)0  (C,H,)"0  (C,H,)'",0, 

Ethyl  jbthene  Propenyl 

oxide.  oxide.  oxide. 

These  ethers  are  related  to  the  alcohols  in  the  same  manner  as  anhydrous 
metallic  oxides  to  the  corresponding  hydrates  or  hydrylates,  and  may  be 
formed,  in  many  instances,  by  direct  dehydration  of  the  alcohols,  as  by  the 
actioQ  of  sulphuric  acid,  linc  chloride,  &c. 

V.  Sttlphw  and  Selenium  Alcohols  and  Ethers. — Compounds  analogous  in 
composition  to  the  oxygen  alcohols  and  ethers,  the  oxygen  being  replaced 
by  sulphur  or  selenium.  The  sulphur  and  selenium  alcohols  are  also  called 
mercaptans. 

VL  Acid  HaUdes. — Compounds  of  oxygenated  radicals  (acid  radicals) 
with  chlorine,  bromine,  &c. ;  e.  g, : 

c,H,o .  CI  {c;afi;)'^ci^  (C6H,0)/'^ci, 

Acetyl  Succinyl  Citryl  chloride, 

chloride.  chloride. 

These  compounds  are  formed  by  the  action  of  the  chlorides,  bromides,  &c., 
of  phosphorus  on  the  compounds  of  the  next  class. 

YII.  Organic  Acids. — Compounds  of  oxygenated  radicals  with  hydroxyl; 

C,H,O.HO  (C^H^O,)^^  (HO),  (CeH^O^)^''.  (HO), 

Acetic  acid.    .  Succinic  acid.  Citric  acid. 

These  compounds  are  formed  in  a  rariety  of  ways ;  among  others,  by  oxi- 
dation of  alcohols,  and  by  the  action  of  water  on  the  corresponding  acid 
halides,  just  as  alcohols  are  formed  from  alcoholic  chlorides.  A  very  large 
namber  of  them  exist  also  ready-formed  iu  the  bodies  of  plants  and  ani- 
mala. 

The  hydrogen  in  the  radicals  of  these  acids  may  be  more  or  less  replaced 
by  chlorine,  bromine,  nitryl,  (NO.),  and  other  chlorous  radicals;  thus, 
from  benzoic  acid,  d^H, .  HO,  are  aerived : 

C^H^CIO .  HO        C,H5(N0,)0 .  HO        CtH3(NH,)0  .  HO 
Chlorobenzoio  Nitrobenzoio  Amidobenzoic 

acid.  acid.  acid. 

VIIL  Add  Oxides,  sometimes  called  Anhydrous  acids,  or  Anhydrides; 

(C,H,0),0  (C,HA)''0  (C,H,0)(C,H,0)0 

Acetic  oxide.         Succinic  oxide.      Acetobenzoic  oxide. 

These  are  related  to  the  acids  in  the  same  manner  as  the  oxygen-ethers  to 
the  alcohols,  and  are  formed  from  them  in  some  instances  by  direct  dehy- 
dration. 

IX.  Ethereal  Salts,  also  called  Compound  Ethers.  —  Compounds  formed 
from  acids  by  substitution  of  alcohol  radicate  for  hydrogen,  just  as  metallic 
salts  are  produced  by  substitution  of  metals  for  the  hydrogen  in  acids; 

C,H,0,.H  80^.  HH  PO4.HHH 

Acetic  Sulphuric  Phosphoric 

acid.  acid.  acid. 

40 
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C,H,0, .  CjHj  80^ .  (C,H5)H  PO^ .  (C,Hj)HH 

Ethylio  Monet  iiylio  Monethylie 

acetate.  sulphate.  phosphate. 

so,  (C,H,),  PO,.(C,H,),H 

Diethylio  Diethylic 

sulphate.  phosphate. 

P0«.  (G,H,), 
Trietbylic 
phosphate. 

They  are  prodnoed  in  many  oaaes  by  heating  an  acid  or  the  corresponding 
chloride  with  an  alcohol. 

X.  Aldehydes.  —  These  are  compounds  intermediate  between  alcohols 
and  acids.     Thus : 


C,H^0 

CjH^O 

C,H,0, 

Ethyl- 

Acetic 

Acetic 

alcohol. 

aldehyde. 

acid. 

They  are  produced  by  oxidation  of  alcohols,  and  are  reconverted  into  the 
latter  by  the  action  of  nascent  hydrogen.  By  further  oxidation  they  are 
converted  into  acids. 

XL  JTe^one*.-^  These  are  bodies  derived  from  aldehydes  by  the  replace- 
ment of  1  atom  of  hydrogen  by  an  alcohol  radical;  «.y.  .* 

Acetic  ketone  or  Acetone,  C,HgO  =  C2H,(CH,)0. 

They  are  produced  by  the  dry  distillation  of  the  calcium  or  barium  salts 
of  monobasic  acids,  and  by  other  processes  which  will  be  mentioned  fur- 
ther on. 

XIL  Amines,  also  called  Alcohol  bdses,  or  Compound  ammonias. — Com- 
pounds of  alcohol  radicals  with  amidogen,  (NH,)^  imidogen,  (NH)'^,  and 
trivalent  nitrogen ;  e.  y. : 

C,H. .  H,N  (CjHj), .  HN  {CJl^)jJf 

Etbylamine.  Diethylamine.  Triethylainiiie. 

(C,H,)" .  (H,N),         (C,H«)^.  (HN),  (C,H,)", .  N, 

Etheue- diamine.         Diethene-diamine.      Triethene-diamine. 

The  modes  of  formation  of  these  bodies  will  be  explained  hereafter. 
They  are  mostly  of  basic  character,  and  capable  of  forming  salts  with 
acids,  like  ammonia,  H,N,  from  which  they  may,  in  fact,  be  derived  bj 
substitution  of  alcohol  radicals  for  part  or  the  whole  of  the  hydrogen. 
Those  in  which  the  hydrogen  is  wholly  thus  replaced  are  called  mtriln; 
and  among  these  special  mention  must  be  made  of  a  group  consisting  of 
nitrogen  combined  with  a  trivalent  hydrocarbon  radical,  such  as — 

(CH)^^>'N  (C,H5)^^^N  (C,Hj)'^^N 

Methenyl  Ethenyl  Propenyl 

nitrile.  •      nitrile.  nitrile. 

These  nitriles  have  no  basic  properties,  but  are  all  neutral,  except  the 
first,  which  is  a  monobasic  acid,  capable  of  exchanging  its  hydrogen  for 
metals,  and  in  this  character  may  be  regarded  as  a  compound  of  hydrogen 
with  the  univalent  radical  cyanojjen  —  C^N;  it  is  accordingly  named Ay- 
drogen  cyanide^  or  hydrocyanic  acid  and  the  other  nitriles  homologous  with 
it  are  the  ethers  of  this  acid;  thus; 
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Methenyl  nitrile,    (CH)^>"'N  =  CN.  H,  Hydrogen  cyanide, 
Ethenyl  nitrile,    (C,H,(''^N  =  CN .  CHj,  Methyl  cyanide, 
Propenyl  nitrile,  (CgH,)>'>'^N  =  CN.CjH,,  Etliyl  cyanide. 

The  metallic  cyanides  have  been  already  noticed  (p.  277). 

XUL  Alcoholic  Ammonium-compounch. — Compounds  containing  pentad 
nitrogen,  and  having  the  composition  of  ammoniam  salts  in  which  the  hy- 
drogen is  more  or  less  replaced  by  alcohol  radicals;  e.ff.: 

N'(C,H5)H.C1  Ethylammonium  chloride, 

N'^CgHfj^IljCl  Diethylammonium  chloride, 

N*(C,H()3HC1  Triethylammoninm  chloride, 

N»(C2Hj)^Cl  Tetrethylammonium  chloride, 

Nv(C2H3)^^UO)  Tetrethylammonium  hydrylate. 

This  last  compoond  and  its  analogues,  containing  methyl,  amyl,  &o.,  are 
powerful  alkalies,  obtainable  in  the  solid  state,  by  eyaporation  of  their 
aqueous  solutions,  as  white  deliquescent  crystalline  masses  resembling 
caustic  potash. 

XIY.  Phosphorus,  Arsenic,  and  Antimony  Compounds ,  analogous  to  the 
nitrogen  compounds  XII.  and  Xlll. ;  e.  g, : 

P'''(CH,),  A8//^(C,H,),  Sb^^^(C.H,), 

Triethyl  phos-  Triethyl  Triethyl 

phine.  arsine.  stibine. 

P'(CH,),Cl  AsVCH,)(C,HACl  Sb'(C,H,),(HO) 

Tetramethyl-  Methyl-triethyi-ar-  Tctrethyl-sti- 

phoBphonium              senium  chloride.  bonium  hydrate, 
chloride. 

XY.  Organa-metaUie  bodiesy  not  analogous  to  ammonia  or  ammonium 
Baits. — Compounds  of  hydrocarbon  radicals  with  monad,  dyad,  and  tetrad 
metals;  e.g. : 

NaC,H,  Zn'/(CH,),  Sn"(C,H,)., 

Sodium  ethide.  Zinc  ethide.  Stannic  etiiide. 

Hg^'(CH3)Cl  Sn"  (C,H3)C1,  8n"  (C  Hj^I, 

Mercuric  cliloro-         Stannic  chloro-  Stannic  dimetbyl 

methide.  triethide.  di-iodide. 

XVT.  Amides,  —  Compounds  exactly  analogous  to  the  amines,  but  with 
aciu  radicals  instead  of  alcohol  radicals ;  those  which  contain  bivalent  acid 
radicals  combined  with  imidogen,  (NH)^^,  are  called  imides ;  e,  g.  : 

Acetemide  C,H,0 .  HjN  Succinamide       (C4H^0,)^' .  (H^), 

Diacetamide       (CjHaO), .  HN  Trisuccinamide  (C4H -O,),^-' .  N^^^^ 

Succinimide    (C^H/),)^^  HN  Citramide  (CeHjOj'^'.  N^''^ 

XYII.  Amic  acids  — Acids  consisting  of  a  bivalent  or  trivalent  acid  rad* 
ical  combined  with  hydroxyl  and  with  amidogen ;  e.  g. : 

Succinamic  acid  (C^H^O,)^' .  HO .  H,N 
Citramic  acid*  [C^\lt,0^y'^ .  HO.  (UN)'^ 

Each  of  the  classes  of  carbon  compounds  above  enumerated  may  be  di- 
vided into  homologous  and  isologous  groups,  though  in  most  cases  the  series 
we  far  from  being  complete. 

^  *Thli  eomponnd  ia  not  actually  known;  bnt  Its  derivative,  phenyl-dtnunlc  acid,  (C^UgP^*". 
0|H^ .  HN,  baa  been  obtained. 


472        CLASSIFICATION   OF    ORGANIC   COMPOUNDS. 

The  preceding  classes,  most  of  which  hare  their  analogues  amongst  in- 
organic  compounds,  include  nearly  all  artificially  prepared  organic  bodies, 
and  the  migority  of  those  produced  in  the  liying  organism.  There  arc  etill, 
however,  many  compounds  formed  in  the  bodies  of  plants  and  animals,  the 
chemical  relations  of  which  are  not  yet  sufficiently  well  made  out  to  enable 
us  to  classify  them  with  certainty.  Such  is  the  case  with  many  vegetable 
oils  and  resins,  with  most  of  the  alkaloids  or  basic  nitrogenized  compoonds 
found  in  plants,  such  as  morphine,  quinine,  strychnine,  &c.,  and  Bevenil 
definite  compounds  formed  in  the  animal  organism,  as  albumin,  fibrin, 
casein,  and  gelatin. 

Rational  Formufa  of  Organic  Compounds  — It  must  be  distinctly  under- 
stood that  the  formulas  above  given  are  not  the  only  ones  by  which  the 
constitution  of  the  several  classes  of  organic  compounds  may  be  repre- 
sented. Rational  formulsa  are  intended  tcrepresent  the  mode  of  formation 
and  decomposition  of  compounds,  and  the  relation  which  allied  compounds 
bear  to  one  another:  hence,  if  a  compound  can,  under  varying  circum- 
stances, split  up  into  different  atomic  groups  or  radicals,  or  if  it  can  be 
formed  in  various  ways  by  the  combination  of  such  radicals,  different  n- 
tional  formulas  must  be  assigned  to  it.  This  point  has  been  already  noticed 
in  connection  with  the  constitution  of  metallic  salts,  and  illustrated  espe- 
cially in  the  case  of  the  sulphates  (p.  281 ) ;  but  organic  compounds,  which 
for  the  most  part  contain  larger  numbers  of  atoms,  and  are  therefore 
capable  of  division  •  into  a  greater  number  of  groups,  afford  much  more 
abundant  illustration  of  the  same  principle.  Take,  for  example,  acetic 
acid,  the  molecular  formula  of  which  is  Q^Hfi^  This  may  be  resolved  into 
the  following  rational  formulae : 

1.  C.H.Oj.H. — This  formula,  analogous  to  that  of  hydrochloric  acid, 
CI .  U,  indicates  that  a  molecule  of  acetic  acid  can  give  up  one  atom  of  hy- 
drogen in  exchange  for  a  univalent  metal  or  alcohol-radical,  forming,  for 
example,  sodium  acetate,  C^HgO,.  Na,  ethyl  acetate,  C,H,0.  C,Hs,  &&;  that 
two  molecules  of  the  acid  may  give  up  two  hydrogen  atoms  in  exchange  for 
a  bivalent  metal  or  alcohol-radical,  forming  barium  acetate,  (CjAfi^)J^'\ 
ethene  acetate,  (C.H^O,),.  (C^H^)^^,  &c. ;  in  other  words,  that  acetic  acid 
is  a  monobasic  acid  (p.  282). 

2.  C^HgO.  HO. — This  formula,  analogous  to  that  of  water,  H.  HO,  cor- 
responds to  such  reactions  as  the  formation  of  acetic  acid  from  acetic 
chloride  by  the  action  of  water : 

CjHjO.Cl  +  H.HO  =-  HCl  +  CjHjO.HO. 

8.  CjHgO .  H .  0.  —  This  formula,  also  comparable  to  that  of  wat«r,  HE .  0, 
corresponds  to  the  conversion  of  acetic  acid  into  acetic  chloride,  hydro- 
chloric acid,  and  phosphorus  oxychloride,  by  the  action  of  phosphorus 
pentachloride : 

CjHjO.  H.  0  +  PCI,.  CI,  =  C,H,0.  CI  -f  HQ  -f  PCI,0; 

also  to  the  formation  of  thiacetic  acid,  C^HgO .  H  .  S,  by  the  action  of  phoB- 
phorus  pentasulphide  on  acetic  acid : 

*      6(C,H,0 .  H .  0)  +  P A  =  5(C,H,0  .  H .  S)  -f  PjO,. 

4.  (C,H,)^^' .  HO  .  0.  —  This  represents  the  formation  of  acetic  acid  from 
ethenyl  nitrile,  (C,H,)'^^N,  by  heating  with  caustic  alkalies: 

(C,H,)''/N  4-  2"jjg}  =  NH,  +  (C,H,)'^/.  0.  HO, 

Ethenyl         Water, 
nitrile. 


CLASSIFICATION  OF  ORGANIC  COMPOUNDS.         478 

5.  (OH,.  CO) .  HO.  — This  formuU,  in  which  the  radical  acetyl,  C,H,0, 
is.  re«oWed  into  carboDyl.  (CO)'',  and  methyl,  corresponds:  a.  To  tbe  de- 
composition of  acetic  acid  by  electrolysis,  in  which  hydrogen  iseYoWed  at  the 
positive  pole,  while  carbon  dioxide  and  ethane,  C^H,,  appear  at  the  negative : 

2(CO.CH3.HO)     =    H,    +     C,He    +     2C0y 

$.  To  the  production  of  methane  (marsh  gas)  by  heating  potassium  ace- 
tate with  excess  of  potassium  hydrate  (p.  169) : 

CO.CHg.KO    +     HKO      =      CH^     +     (C0)''.(K0)y 
Potassium  acetate.     Potassium       Methane.  Potassium 

hydrate.  carbonate. 

y.  To  the  production  of  acetone  and  barium  carbonate  by  the  dry  distil- 
lation of  barium  acetate : 

(CO .  CH,), .  BaO,    =     (CO)''(CH,),    +     (CO)''.BaOr 
Barium  acetate.  Acetone.  Barium 

carbonate. 

Now,  on  comparing  those  several  rational  formulsa,  it  will  be  seen  that 
they  are  all  included  under  the  constitutional  formula, 

H    0 
H^— C — C'^— O^— H, 


A 


in  which  the  molecule  is  resolved  into  its  component  atoms,  and  these  atoms 
are  grouped,  as  far  as  possible,  according  to  their  different  equivalences,  or 
eombining  powers.  These  constitutional  formulas  are  the  nearest  approach 
to  the  representation  of  the  true  constitution  of  a  compound  that  our  knowl- 
edge of  its  reactions  enables  us  to  give;  but  the  student  cannot  too  care- 
fully bear  in  mind  that  they  are  not  intended  to  represent  the  actual  ar- 
rangement of  the  atoms  in  space,  but  only,  as  it  were,  their  relative  mode 
of  combination,  showing  which  atoms  are  combined  together  directly,  and 
which  only  indirectly,  that  is,  through  the  medium  of  others.  Thus,  in  the 
formula  of  acetic  acid,  it  is  seen  that  three  of  the  hydrogen  atoms  are  united 
directly  with  the  carbon,  while  the  fourth  is  united  to  it  only  through  the 
medium  of  oxygen :  that  one  of  the  two  oxygen  atoms  is  combined  with 
carbon  alone,  the  other  both  with  carbon  and  with  hydrogen ;  and  that  one 
of  the  carbon  atoms  is  combined  with  the  other  carbon  atom  and  with  hy- 
drogen; the  second  with  carbon  and  with  oxygen.  Abundant  illustration 
of  these  principles  will  be  afforded  by  the  special  descriptions  of  organic 
compounds  in  the  following  pages. 

Isomerism.  —  Two  compounds  are  said  to  be  isomeric  when  they  have  the 
same  empirical  formula  or  percentage  composition,  but  exhibit  different 
properties.  A  few  examples  of  isomerism  are  met  with  amongst  inorganic 
compounds ;  but  they  are  much  more  numerous  amongst  organic  or  carbon 
compounds. 

Isomeric  bodies  may  be  divided  into  two  principal  groups,  namely : 

A. — Those  which  have  the  same  molecular  weight;  and  these  are  sub- 
divided into: 

a.  Itomeric  bodies,  strictly  so  called ;  namely,  those  which  exhibit  analogous 
decompositions  and  transformations  when  heated  or  subjected  to  the  action 
of  the  same  reagenta,  and  differ  only  in  physical  properties.  Such  is  the 
case  with  the  volatile  oils  of  turpentine,  lemons,  juniper,  &c.,  all  of  which 
have  the  composition  C,oH,^  resemble  each  other  closely  in  their  chemical 
reactions,  and  are  distinguished  chiefly  by  their  odor  and  their  action  on 
polarized  light. 

40* 
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$,  Meiameric  bodies,  which,  with  the  same  percentage  compOBitimi  and 
molecular  weight,  exhibit  dissimilar  transformations  under  similar  circooi- 
stances.  Thus  the  molecular  formula,  CgH^O^  represents  three  different 
bodies,  all  exhibiting  different  modes  of  decomposition  under  the  influeoee 
of  caustic  allLalies,  til,  (1)  Propionic  acid,  C^H^O  OH,  which  is  converted 
by  caustic  potash,  at  ordinary  temperatures,  into  potassium  propionate, 
C^H  fi  .  OK.  —  (2)  Methyl  acetate,  C,H,0 .  OCH^  a  neutral  liquid  not  acted 
upon  by  potash  at  common  temperatures,  but  yielding,  when  heated  with 
it,  potassium  acetate  and  methyl  alcohol: 

C,H,0 .  OCH,  -f  OKH  =  CjHjO .  OK  +  CH, .  OH. 

(3)  Ethyl  formate,  CHO.OC,Hj,  converted  in  like  manner,  by  heating 
with  potash,  into  potassium  formate,  CHO .  OK,  and  ethyl  alcohol,  C^Hi-OH. 

These  three  compounds  may  be  represented  by  the  following  constita- 
tional  formulsB,  the  dotted  lines  indicating  the  division  into  radicals  indi- 
cated by  the  rational  formulie  above  given : 

H,C  •  H,C  •  H  •         H 

H,C  •  0=C— O— CHy     0=C— O  —  C— CH,. 


0=C— 0— H, 


Propionic  acid.       Methyl  acetate.        Ethyl  formate. 

B. — Compounds  which  have  the  same  percentage  composition,  but  differ 
in  molecular  weight;  such  bodies  arc  called  polymeric.  The  most  striking 
example  of  polymerism  is  exhibited  by  the  hydro-carbons  C,H^  all  of 
which  are  multiples  of  the  lowest,  namely,  methene,  CH^  Another  exam- 
ple is  afforded  by  certain  natural  volatile  oils,  which  are  polymeric  with 
oil  of  turpentine,  and  have  the  formulsB,  Cg^H^  ^ao^4r  ^^*  ^^  polymeric 
compounds  exhibit  regular  gradations  of  boiling  point,  vapor-density,  and 
other  physical  characters  from  the  lowest  to  the  highest.  Some  are  chemi- 
cally isomeric,  exhibiting  analogous  transformations  under  similar  circum- 
stances, while  others  are  metameric,  exhibiting  dissimilar  reactions  under 
given  circumstances. 
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FiBST  Series,  C,H^-|.,. — ^Paeaffins.* 

This  series,  as  already  observed,  consists  of  saturated  hydrocarbons,  not 
capable  of  uniting  with  any  other  bodies,  simple  or  compound.  The  names 
and  formuliB  of  the  first  six  are  given  in  the  table  on  page  467 ;  the  follow- 
ing terms  may  be  called,  stptane^  octane,  nonane,  deeane,  undeeane,  dodecane^  &c 

All  the  members  of  the  series  above  the  first,  CH^,  may  be  regarded  as 
derived  from  that  compound  by  replacement  of  one  of  the  hydrogen-atoma, 
by  a  univalent  hydrocarbon  radical  of  the  series  C.H^4.|  (p.  466);  thus. 


♦  yrom  pontm  afinis,  IndfmtinK  their  chemical  indifference.  The  name  piu-afBn  Km  lout 
been  applied  to  the  Holid  compounds  of  the  neries,  on  nccount  of  thli  chftTMCter:  andniMiy  of 
the  liquid  componnds  of  the.  ume  series  are  known  commercifilly  m  paroffin  m7«.  It  If  god- 
renient,  therefore,  to  employ  the  term  pamiBn  as  a  generic  name  for  Ui«  whole  earlea. 
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Ethane      C,He  =  C  |  ^ J* 

Propane     C,H,  =  C  |  ^«2»  =  C  |  ^H^CH, 

Qoartane  C,H„  =  C  {  "^4,  =  ^  {  ""If*^'  =  ^  {  CH.CH,CH. 

&c.,  &o. 

Oeewraiee  and  Formation. — Many  of  the  paraffins  occur  ready-formed  in 
American  petroleum  and  other  mineral  oils  of  similar  origin.  They  are 
formed  artificially  by  the  following  processes: 

1.  By  the  simultaneous  action  of  line  and  water  on  the  alcoholic  iodides 
(p.  468),  compounds  deriTed  from  these  same  hydrocarbons  by  the  substi- 
tution of  one  atom  of  iodine  for  hydrogen. 

This  reaction,  which  appears  to  be  applicable  to  the  formation  of  the 
whole  series  of  paraffins,  is  represented  by  the  general  equation : 

2C.H^+,I  +  Zn,  +  20H,  =  ZnH.O,  +  Znl,  +  2C.Hg+, 
Alcoholic        Zinc.    Water.       Zinc  Zinc       Paraffin, 

iodide.  hydrate,      iodide. 

As  an  example,  we  may  take  the  formation  of  ethane  from  ethyl  iodide : 

2C,H.I  +  Zn,  +  OH,  =  ZnH,0,  +  Znl,  +  2C,He     . 
Ethyl  Ethane, 

iodide. 

2.  All  the  paraffins  may  be  produced  by  heating  the  alcoholic  iodides 
with  lino  alone.  Generally  speaking,  however,  two  of  these  hydrocarbons 
are  obtained  together,  the  first  product  of  the  reaction  being  a  paraffin 
containing  twice  as  many  carbon-atoms  as  the  alcoholic  iodide  employed ; 
And  this  compound  being  then  partly  resolved  into  the  paraffin  containing 
half  this  number  of  carbon-atoms  and  the  corresponding  olefine,  (C.  Hga) ; 
ihas: 

2C,H-I    4-    Zn     =     Znl,    +    C^H,^ 
Ethyl  Quartane. 

iodide. 

and,  C,H,a  8     C,H4    +     C,He 

Quartane.  Ethene.      Ethane. 

Generally: 

2C.H,.+iI     +    Zn      =     Znl,     -f-    C,.H<.+, 

3.  By  the  electrolysis  of  the  fatty  acids  (C.  H«.0,).  For  example,  a  solu- 
tion of  potassium  acetate,  divided  into  two  parts  by  a  porous  diaphragm, 
yields  pare  hydrogen,  together  with  potash,  at  the  negative  electrode,  and 
tt  the  positive  electrode  (if  of  platinum)  a  mixture  of  carbon  dioxide  and 
ethane  gases: 

2C,H^0,    =s     2C0,    +    C,H^    +     Hg. 

^e  may  suppose  that  the  two  molecules  of  acetic  acid  are  resolved  by  the 
e^nent  into  H,  and  0411,04,  and  that  the  latter  then  splits  up  into  200,  and 
C9H,.    The  general  reaction  is : 

2C,H,.0,    ==    200,    +     C^^n^^     +     Hy 

4.  Some  of  the  paraffins  are  obtained  from  acids  of  the  series  0.  H,.0, 
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and  Gq  ^tm-fi^,  by  the  action  of  alkalies,  which  abstract  carbon  dioxide  from 
those  acids,  the  hydrocarbon  thus  eliminfited  containing  one  atom  of  carbon 
less  than  the  acid  from  which  it  is  produced : 

C.+,H».+,0,*  =      CO,    +C.    H,.+r 

C.+,H^+A    =    2C0,    +C.    Hfc+,- 

In  this  maner  methane  (marsh  gas)  is  obtained  by  heating  potaasiixm  teetate 
with  excess  of  potassium  hydrate  (p.  169) : 

C,H,0,K        +        OHK        =        CO,K,        +        CH, 
Potassium  Potassium  Potassium  Methane, 

acetate.  hydrate.  carbonate. 

Also,  sextane  and  octane,  by  similar  treatment  of  the  potassium  salts  of 
suberic  acid,  C^Hifi^t  &&<!  sebaoio  acid,  CiqE^iO^: 

CgH„O^K,        4-        20HK        =B        2C0,K,        +        C,H^ 
Potassium  Sextane. 

suberate. 

CioHjeOA        +        20HK        »        2C0,K,        +        C,Hb 
Potassium  Octane, 

sebate. 

Generally  speaking,  however,  a  further  decomposition  takes  place,  resolt- 
ing  in  the  formation  of  hydrocarbons  containing  a  smaller  proportion  of 
hydrogen  than  the  paraffins. 

5.  The  paraffins  may  also  be  produced  from  the  olefines,  C.  H^hj 
combining  the  latter  with  bromine,  and  heating  the  resulting  compoand, 
C.  Ht^Br,,  with  a  mixture  of  potassium  iodide,  water,  and  metallic  copper. 
The  bromine-compound  is  then  decomposed,  and  the  hydrocarbon,  C.Hffe, 
is  partly  reproduced  in  the  free  state,  partly  converted,  by  the  addition  of 
hydrogen,  into  a  paraffin,  C.  Hs.^^ 

6.  Several  of  the  paraffins  are  produced  by  the  dry  or  destructive  dis- 
tillation of  butyrates  and  acetates. 

7.  They  are  also  found  amongst  the  products  of  the  dry  distillation  of  coal 
especially  Boghead  and  Oannel  coal,  and,  as  already  observed,  they  consti- 
tute the  principal  portion  of  many  mineral  oils,  formed  by  the  gradual 
decay  or  decomposition  of  vegetable  matter  beneath  the  earth's  surface. 

8.  Quintyl  alcohol,  or  amyl  alcohol,  CsHf^O,  distilled  with  sine  chloride, 
yields  quintane,  C^H,^  and  several  of  its  homologues,  together  with 
olefines  and  other  hydrocarbons  containing  still  smaller  proportions  of  bj- 
drogen. 

9.  Methane,  or  marsh  gas,  CH^,  the  first  term  of  the  series,  is  produced 
synthetically  by  passing  a  mixture  of  hydrogen  sulphide  and  vapor  of 
carbon  bisulphide  over  red-hot  copper.  The  copper  abstracts  the  sulrbur 
from  both  compounds,  and  the  carbon  and  hydrogen  thus  liberated  unite  to 
form  marsh  gas : — 

CS,    4-     2n,S     +     Cu4     =sr     4CuS    -f-     CH4. 

Properties  and  Reaetiont  of  the  Paraffins. — The  properties  of  methane  htie 
been  already  described  (p.  169).  Of  the  other  paraffins,  ethane,  propane, 
and  quartane  are  gaseous  at  ordinary  temperatures ;  most  of  the  others 
are  liquids  regularly  increasing  in  specific  gravity,  viscidity,  boiling  point, 
and  vapor  density,  as  their  molecular  weight  becomes  greater :  those  con- 
taining 20  carbon  atoms  or  more  are  crystalline  solids.  The  following 
table  exhibits  the  specific  gravities  and  boiling  points  of  the  paraffins  ob- 
tained from  American  petroleum :  f — 

•  By  RiibRtftiitlon  of  »+l  for  w.  the  f<r>rniii1a  0*  ITsnOo  »HH^m«»»  0  -f-i'Tsn+aOg;  •odby  wb* 
Btlttition  of  w  f  *2  for  n,  tho  fnrmiilH  di  H-b-^Oi  i-*  cttiixiTtwl  into  C    +SH211+JO4. 
t  Peloiixe  and  Oihutire,  Ann.  Cli.  Pharm  cxxiv.  288;  cxxTil.  IVO;  cxxix.  87. 
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Formola. 

Boiling  point 

Specific  grarlty 

Name. 

of  liquid. 

of  rapor  hy- 
drogen =  1. 

RhUM 

Pro|M]i« 

Qaartane 

Qamtane 

S«xUui« 

S«ptane 

OctUM 

Dpoue 

rnd«caiie 

Daodecmna 

Tridvcana 

Qvatoordeauie 

C,He 

GMeoiM  at  ordinary 
temiwratajraa. 

M 

a  Ufctle  above  0° 

30°  C.               86°  F. 

68°  "  1M°  " 
93-«4°  «  198—201°" 
116—1180  "  241—246°  " 
136—138°  «  277—280°  " 
160—162°  "  320—324°  " 
180—184°  "  866—363°  " 
196—200°  «  884-392°  " 
216—218°  "  421—424°  » 
236-240°  "  466-^164°  " 
25&-260°  "     491—500°  « 

0-60  at   0°  C.    82°  F. 
0-628  "  17°  "     63°  " 
0-609  "  16°  "      61°  " 
0-609  "  15°  "     69°  " 
0-728  "  16°  "     69°  " 
0-741  "  16°  "     69°  « 
0-767  "  16°  "     69°  « 
0-765  "  16°  "     61°  " 
0-776  •*  20°  «      68°  " 
0792"  20°"     68°" 

15 

22 

29 
36 
43 
60 
67 
64 
71 
78 
86 
92 
99 
106 

American  petroleum  likewise  yields  a  quantity  of  liquid  boiling  above 
800°  C.  (572°  F.),  and  doubtless  containing  paraffins  of  still  higher  order. 
Some  specimens  of  the  crude  oil,  as  it  issues  from  the  ground,  contain 
ethane,  C,Hg.  and  propane,  C,Hg,  which  are  given  oflf  from  it^as  gas  at  or- 
dinary temperatures.  In  boring  for  the  oil  also,  large  quantities  of  gas 
escape,  exhibiting  the  characters  of  methane ;  hence  it  is  probable  that  in 
the  great  geological  changes  which  have  given  rise  to  the  separation  of 
the  petroleum,  die  whole  series  of  paraffins  have  been  formed  from  marsh 
gas  upwards. 

BoUd  paraffin  is  a  colorless  crystalline  fatty  substance,  probably  consist- 
ing of  a  mixture  of  several  of  the  higher  members  of  the  series  C^U^^^ 
It  is  found  native  in  the  coal-measures,  and  other  bituminous  strata,  con- 
stituting the  minerals  known  a»  fossil  wax,  ozocerite,  hatehettm,  &c.  It  exists 
ftlso  in  the  state  of  solution  in  many  kinds  of  petroleum,  and  may  be  sepa- 
rated by  distilling  off  the  more  volatile  portions,  and  exposing  the  remain- 
der to  a  low  temperature.     In  a  similar  manner  also  may  solid  paraffin  be 
obtained  from  the  tar  of  wood,  coal,  and  bituminous  shale.     It  was  first 
prepared  by  Reichenbach  from  wood-tar.     It  is  tasteless  and  inodorous, 
insoluble  in  water,  slightly  soluble  in  alcohol,  freely  in  ether,  and  miseible 
in  all  proportions,  when  melted,  with  fixed  or  volatile  oils.     It  burns  with 
s  very  bright  flame,  and  those  varieties  of  it  which  melt  at  temperatures 
above  45°  C.  (113°  F.)  are  very  hard,  and  well  adapted  for  making  candles. 
Paraffin  is  largely  used  also  as  a  substitute  ffer  sulphur  for'dipping  matches; 
and  Dr.  Stenhouse  has  patented  its  application  to  woollen  cloths,  to  increase 
their  strength  and  make  them  waterproof.     More  extensive,  however,  are 
the  uses  of  the  liquid  compounds  of  the  paraffin  series,  known  in  commerce 
^ paraffin  oil.  photogene,  tolar  oil,  eupione,  &c.     These  oils  are  largely  used 
for  burning  in  lamps;  and,  when  mixed  with  fatty  oils,  such  as  rape  and 
cotton-seed  oils,  form  excellent  materials  for  lubricating  machinery.     For 
the  former  purpose  they  are  exceedingly  well  adapted,  as,  with  a  proper 
supply  of  air,  they  give  a  much  brighter  light  than  that  obtained  from 
fatty  oils  containing  oxygen,  and  are  much  cleaner  in  use. 

It  is  necessary  to  observe,  however,  that  natural  petroleum  and  the  oils 
obtained  by  the  dry  distillation  of  coal,  &c.,  at  low  temperatures,  are  mix- 
tures of  a  great  number  of  paraffins  differing  greatly  in  volatility,  and  that 
to  render  them  safe  for  burning  in  lamps  of  ordinary  construction,  they 
inust  be  freed  by  distillation  from  the  more  volatile  members  of  the  series; 
otherwise  they  will  take  fire  too  easily,  and,  when  they  become  heated,  will 
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give  off  highly  inflammable  vapors,  which,. mixing  with  the  air  in  the  body 
of  the  lamp,  may  easily  produce  dangerously  ezplosiye  mixtures;  ^erioos 
accidents  have  indeed  arisen  from  this  cause.  It  has  been  found  by  expe- 
rience that  it  is  not  safe  to  use  a  paraffin  oil  which  will  take  fire  on  the 
application  of  a  match  and  burn  continuously,  at  a  temperature  below  38° 
C.  (100«  F.). 

Subttitution-producta  of  the  Paraffln$.  —  Paraffins  subjected  to  the  action  of 
bromine  or  chlorine,  give  up  a  part,  or  in  some  oaaes  the  whole  of  their  hy- 
drogen in  exchange  for  the  halogen  element.  Thus  equal  volumes  of 
chlorine  and  methane,  CH4.  exposed  to  diffused  daylight,  yield  the  com- 
pound CH,C1,  called  chloromethane  or  methyl  chloride:  and,  by  further 
subjecting  this  product  to  the  action  of  an  excess  of  chlorine  in  direct  sun- 
shine, it  may  be  successively  converted  into  the  more  highly  chlorinated 
compounds  CH,C1,,  CHCl,.  and  CCI4.  Ethane,  C.Hg,  also  yields,  by  a  series 
of  processes  to  be  hereafter  described,  the  substitution-products  C^^CI. 
CjH^Cly  C,H,C1„  C,H,Cl4,  C.HClj,  and  C,Clg;  and  similarly  for  the  other 
compounds  of  the  series,  rhese  bodies,  which  may  be  regarded  as  com- 
pounds of  chlorine  and  other  halogen  elements  with  the  radicals  (CH,}^ 
^CH,)^^,  (CH)'^^  &c.,  are  called  kalM  ethers;  the  more  important  of  thfm 
will  be  specially  described  in  connection  with  the  corresponding  alcohols. 
When  treated  with  water  or  aqueous  alkalies,  they  exchange  the  haldJ 
element  for  an  equivalent  quantity  of  hydroxyl,  (HO),  thereby  producing 
alcohols  (p.  468) ;  and,  on  the  other  hand,  they  mny  be  formed  from  the 
alcohols  by  the  action  of  the  chlorides,  bromides,  and  iodides  of  hydrogen 
or  phosphorus. 

Ai^ric  acid  attacks  the  higher  members  of  the  paraffin  series,  forming 
nitro-eompounds ;  octane,  CgH,g,  thus  treated,  yields  the  compound,  CgH,, 
(NO,).  The  lower  paraffins,  on  the  other  hand,  are  not  affected  in  the 
slightest  degree  by  nitric  acid ;  but  by  indirect  means  compounds  may  be 
formed,  having  the  composition  of  paraffins,  in  which  the  hydrogen  is 
more  or  less  replaced  by  nitryl ;  for  example,  trinitromelhane  or  nUrofom, 
CH(NO,),. 

leomeriem  in  the  Paraffin  aeries.  —  It  has  already  been  mentioned  that  these 
hydrocarbons  are  sometimes  regarded  as  hydrates  of  the  univalent  alcohol 
radicals  C.Hg,+,,  —  methane,  for  example,  as  methylhydride,  H  .  CH|, 
ethane  as  ethyl  hydridi$,  H  .  C.Hg.  This  view  of  their  constitution  is  sug- 
gosted  by  their  formation  by  the  action  of  water  on  the  sine  compounds  of 
the  same  radicals ;  e.  y. : 

Zn(CH,),      4-      20H,      =      ZnH.O,      +      2(H.CH,); 
.Zinc  methyU  Water.       Zinc  hydrate.      Methyl  hydride. 

and  by  the  facility  with  which  they  give  up  one  atom  of  hydrogen  in  ex- 
change for  chlorine  and  bromine,  whereas  the  replacement  of  the  remain- 
ing hydrogen-atoms  is  much  more  difficult.  On  the  other  hand,  all  these 
hydrocarbons,  except  methane,  may  be  regarded  as  compounds  of  two 
equivalents  or  half-molecules  of  alcohol  radicals  C.H^+i,  thus : 

C,H,  =  H.CjH,  or  CH,.CH„ 

Ethane.  Ethyl  hydride.  DimethyL 

CjHg  =  H.CjIIy  or  CHj.CjH., 

Propane.  Propyl  hydride.  Methyl-ethyl. 

Quartane.  Quartyf  biethyl.  Methyl- 

hydride  propyl 

This  latter  view  appears  to  accord  with  their  formation  by  the  action  of 
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zinc  on  the  iodides  of  the  alcohol  radicals,  which  i^  similar  to  that  of  hydro- 
gen bj  the  action  of  sine  on  hydriodic  acid ;  thus: 

Zn  4-  2HI         =         Znl.         +  HH, 

Hydrogen  Zinc  iodide.  Hydrogen, 

iodide. 

Zn         +         2C,HgI        =         Znl,         +         C.Hj.C.H, 
Ethyl  iodide.  Diethyl. 

Zn      +      CH,I      +     CjHjI     =     Znl,     +     CH,.C,H„ 
Methyl  Ethyl  Methyl- 

iodide,  iodide.  ethyl. 

The  first  three  hydrocarbons  of  the  series,  however,  viz.,  CH^,  ^i^s*  ^s^s* 
exhibit  exactly  the  same  physical  and  chemical  properties  in  whatever  way 
they  may  be  prepared;  and  indeed  the  constitutional  formulas  of  these 
bodies,  viz. 

CH, 
CH, 

CH, 


CH^  [   '  (!h, 

CH, 


show  that  they  are  not  susceptible  of  isomeric  modification,  inasmuch  as 
there  is  but  one  way  in  which  the  carbon-atoms  in  either  of  them  can  be 
grouped :  in  ethane  each  carbon-atom  is  directly  combined  with  three  hy- 
drogen-atoms and  the  other  carbon-atom ;  and  whether  we  regard  it  as 

CH, 

ethyl  hydride,  H — OHp  or  as  dimethyl,  H,C — CH,.  this  arrangement  re- 
mains the  same.  In  propane,  CgHg.  each  carbon-atom  is  directly  combined 
with  at  most  two  other  carbon-atoms,  and  there  is  no  other  way  in  which 
the  atoms  can  be  arranged. 

But  if  we  look  at  the  formula  of  the  4-carbon  paraffin,  C^Hjq,  we  see  that 
it  may  be  written  in  either  of  the  following  forms : 

CH|  HgC    CH| 

k  V 

CH 
fcH, 


CH, 


in  the  first  of  which,  neither  of  the  carbon-atoms  is  directly  united  with 
more  than  two  others,  whereas  in  the  third,  one  of  the  carbon-atoms  is 
directly  combined  with  three  others.  The  first  may  be  represented,  either 
as  propyl-methane,  C  |  CHaCH,CH,  ^  ^  |  CH,C,Ha   ^  ^  |  C^H,^  ^^  ^  ^.^ 

thyl,  HgC,.  C,Hg,  according  to  the  manner  in  which  we  may  suppose  it  to 
be  divided ;  the  second  as  trimethyl  methane^  C  | '  Jj   '  >,  or  uopropyl  methane, 

^  I  H.  *  *^^®  radical  CH(CH3)j  being  called  Uopropyl,  to  distinguish 

it  from  normal  propyl,  CH,(CjH5). 

From  recent  observations  ^  it  appears  that  all  hydrocarbons  of  known 
Btructure  may  be  divided  into  four  groups,  viz. :  1.  Those  in  which  each 
carbon-atom  is  directly  associated  with  at  most  two  other  carbon-atoms. 
2.  Those  in  which  one  carbon-atom  is  associated  with  three  carbon-atoms, 

•  Scborlemmer,  Proceedings  of  the  Ro^al  Society,  xvi.  34,  367. 
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or  which  contain  the  group  isopropyl  once.   3.  Those  which  contain  this  group 

twice,  such  as  di-isopropyl,  or  tetramethyl-ethane,  CfH,^  =  C, •!  Uipu'^^ 

produced  by  the  action  of  sine  on  isopropyl  iodide ;  this  compound  may  be 
represented  by  the  constitutional  formula: 


"^c — c — c<r 


4.  Those  in  which  one  carbon-atom  is  associated  with  four  others,  as  in 
dimethyl-diethyl-methane,  or  carbdimethyl-diethyl,  C<  Sp  |l  ?,acomponn«l 
produced  by  the  action  of  sine-ethyl,  Zn(C2Hg)2,  on  dimethyl-diehlorome- 
thane,  C  \  ^p\  *^*r  the  transformation  being  effected  by  the  substitution  of 
2  atoms  of  ethyl  for  2  atoms  of  chlorine : 


Dimethyl-dichloro-methane. 
CI 


Dimethyl-diethyl-methane. 
CH. 


i 


H 


CH, 
CH, 


The  paraffins  of  each  of  these  groups  exhibit  a  regular  increase  in  boil- 
ing point  as  they  ascend  in  the  series  by  successire  addition  of  CH,  and 
the  boiling  point  of  a  paraffin  containing  a  given  number  of  carbon-atoms, 
is  found  to  be  lower  in  proportion  as  its  structure  is  more  complex.  In 
the  first  and  second  groups  the  difference  of  boiling  point,  for  each  incre- 
ment of  CH-,  is  about  81*»  C.  (66<»  F.),  whereas  in  the  third  it  is  only  2o° 
C.  (45°  F.). 


SeCOKD    SeKIES,  CnH,.. — OLEtllVES. 

The  hydrocarbons  of  this  series  are  polymeric,  as  well  as  homologous 
with  one  another,  inasmuch  as  their  formulas  are  all  exact  multiples  of 
that  of  the  lowest  CH,.  The  lower  members  of  the  series  are  gaseous  at 
ordinary  temperatures,  the  higher  members  are  solid,  and  the  intermediate 
compounds  liquid.  The  names  and  formulae  of  the  known  members  of 
the  define  series  are  given  in  the  following  table,  together  w^ith  their 
melting  and  boiling  points: 


Name. 

Formula. 

Melting  point. 

Boiling  point. 

Ethene            or 

Ethylene 

CgH4 

_ 

. 

Propeuo            " 

Propylene 

CsM, 

— 

— 17-80      C. 

14°        F. 

Quiirtone           " 

Butylene 

S*'I> 

— 

+30         •» 

37-4       - 

Qnintvne           ** 

Amylene 

CftHio 

— 

Sflo         u 

85 

Soxtene             ** 

Uexylene 

C«Uu 

— 

68-70°  « 

154-158  - 

Septene             " 

Ueptylene 

CjUm 

— 

©5°         « 

203^ 

Octene               " 

Octylene 

CbHw 

— . 

115-117«« 

asa-Mao" 

Noneno              " 

Nonylene 

C,U,a 

— 

1400 

284° 

Pecene               " 

Paroniylene 

Cio''«) 

._ 

lap 

3200 

Sexdecene          •* 

Cetene 

CiiHa 

_ 

2760         " 

627®        " 

SoptiviglDtlnA  " 

Gerotena 

Gr"M 

670C.    1860F. 

(?) 

7W0  (?)  " 

Triglntene         ** 

Melone 

C»Heo 

Q2P  4.     1440  u 

3760  (?)    « 
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Methene,  CH^  the  lowest  term  of  the  series,  does  not  appear  to  be  ca- 
pable of  existing  in  the  separate  state ;  but  ita  oxygen  analogue,  carbon 
moQOxide  or  carbonyl,  CO,  is  a  well-known  compound,  which  has  been  al- 
ready described  (p.  108V 

formation  of  the  Olffine^.  —  1.  By  abstraction  of  the  elements  of  water 
from  the  alcohols  of  the  series  CnH^  ^.^O,  homologous  with  common  alcohol, 
ander  the  influence  of  powerful  dehydrating  agents,  such  as  oil  of  yitriol, 
phosphoric  oxide,  or  sine  chloride;  thus: 

C,HeO      —      OH,      =      C,H^ 
Ethyl  alcohol.       Water.  Ethene. 

The  preparation  of  ethene,  or  defiant  gas,  by  heating  common  alcohol 
with  oil  of  Titriol,  has  been  already  described  (p.  169).  Quintyl,  or  amyl 
alcohol,  CgH,,0,  distilled  with  sine  chloride,  yields  —  besides  the  corre- 
sponding oleline,  quintene  or  amylene,  CsHjq  —  a  number  of  others  poly- 
meric with  it;  besides  quintane,  C^H,^  and  its  homologues,  and  hydrocar- 
bons containing  a  smaller  proportion  of  hydrogens  •than  the  defines. 

2.  By  passing  the  vapors  of  the  haloid  compounds  of  the  monad  radicals, 
CgU^^-j,  over  Ume  at  a  dull  red  heat;  e,ff. : 

2C5H„C1     +    CaO    ==:    CaCl,    +    OH,    +     SCjH,^ 
Quiniyl  Lime.        Calcium        Water.       Quintene. 

chloride.  chloride. 

8.  By  the  decomposition  of  the  paraffins  at  the  moment  of  their  forma- 
tion by  the  action  of  sine  or  sodium  on  the  alcoholic  iodides  of  the  monad 
alcohol-radicals  C.  H^  +,  (see  p.  475). 

4.  By  the  action  of  these  same  iodides  on  the  sodium  compounds  of  the 
same  radicals ;  for  example : 

C,H,I       +      CjH^Na      =      NaT      +      C,H^      +      C,He 
Ethyl  Sodium  Sodium  Ethene.  Ethane, 

iodide.  ethyl.  iodide. 

5.  By  decomposition  of  the  hydrates  of  ammonium  bases  containing  four 
atoms  of  a  monad  alcohol-radical  (p.  471),  these  compounds  when  heated 
splitting  up  into  a  tertiary  monamine  (p.  470)  and  an  define;  thus: 

N(C,H,),(HO)    =    N{C,H.),     +     OH,     +    C,H^ 
Tetreihylammo-  Triethyl-  Water.         Ethene. 

nium  hydrate.  ammine. 

6.  defines  are  formed  by  the  decomposition  of  acetates  and  butyrates 
^i  a  red  heat,  distilling  over  together  with  several  other  products,  from 
which  they  are  separated  by  combining  them  with  bromine,  and  heating 
the  resulting  bromine-compounds,  C,  H,d  Br,,  to  276®  C.  (527°  F.),  with  cop- 
per, water,  and  potassium  iodide.  In  this  manner  Berthelot  'has  obtained 
ethene,  propene,  quartene,  and  quintene. 

7.  Several  of  the  defines  may  be  produced  by  direct  synthesis  from  other 
hydrocarbons  of  simpler  constitution. 

«.  Ethene  is  formed  by  the  action  of  nascent  hydrogen  upon  ethine  or 
acetylene  (p.  484) : 

C,Hb    -f    H,    =    CjH^ 
Ethine.  Ethene. 

^.  Propene,  C,Hg,  is  formed  by  passing  a  mixture  of  methane  and  carbon 
monoxide  (oxymethene)  through  a  red-hot  tube  : 

2CH^        -f        CO        =        OH,        +        CjHe. 

Also  by  the  action  of  methenyl  chloride  (chloroform)  on  zinc  ethide: 
4t 
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2CHC1,        -f  3Zn(C,Hg),  =  3ZnCl,  +  4C,Hg  -j-  2CH^ 

y.  Quintene,  or  amjlene,  C^ H,q,  or  a  compound  isomeric  with  it,  is  formed 
by  the  action  of  sine  ethide  on  propenyl  (allyl)  iodide : 

2C,H,I        +     Zn(C,H,),  =  Znl.  +     2C,H^ 

i.  Sextene,  or  hexylene,  C^ H,,,  is  obtained  in  combination  with  hydriodic 
acid  by  the  action  of  that  acid  on  mannite,  which  ia  a  sugar  having  the 
composition  of  a  hex  atomic  alcohol: 

C,Hg(HO)e  +  llHI  =  60H,  +  51,  +  C.H„ .  HI; 

Mannite.  Sextene 

hydriodide. 

and  this  hydriodide,  heated  with  potassium  hydrat«,  yields  the  hydro- 
carbon : 

CgH„ .  HI  +        OKH      =    KI        4.     OH,  +  Cfi^g, 

t.  Quartene,  or  butylene,  G^Hg,  is  obtained  by  precisely  similar  reactions 
from  erythrite,  which  is  also  a  saccharine  substance  having  the  composition 
of  a  tetratomic  alcohol,  C^U^(HC)^. 

Reaction*, — 1.  The  defines  are  dyad  radicals,  uniting  with  2  atoms  of 
chlorine,  bromine,  &c.,  and  with  one  atom  of  oxygen. 

2.  The  chlorides,  bromides,  and  other  haloid  compounds  of  the  olefines. 
treated  with  an  alcoholic  solution  of  potasth,  give  up  one  atom  of  hydrogen 
and  one  atom  of  the  haloid  element,  yielding  an  define  in  which  one  atom 
of  hydrogen  is  replaced  by  chlorine,  bromine,  &c.,  together  with  water 
and  a  haloid  salt  of  potassium ;  thus : 

CjH^Br,  4-  OKH  =  KBr  +  OH,  +  C,H,Br. 
Ethene  bromide.  Bromeihene. 

The  resulting  chlorinated,  brominated,  or  iodated  compound  can,  iL  its 
turn,  take  up  2  atoms  of  chlorine,  bromine,  or  iodine,  forming  a  body  which 
can  likewise  give  up  hydrochloric,  hydrobromic,  or  hydriodic  acid,  under 
the  influence  of  alcoholic  potash  ;  the  body  thus  formed  can  again  take  up 
2  atoms  of  chlorine,  bromine,  or  iodine;  then  give  up  HCl,  HBr,  or  HI; 
and  thus,  by  a  series  of  perfectly  similar  reactions,  we  at  length  arrive  at 
bodies  consisting  of  the  primitive  define  with  all  its  hydrogen  replaced  bj 
chlorine,  bromine,  or  iodine,  and  the  dichlorides,  dibromides,  and  di-iodides 
of  these  last-mentioned  bodies :  thus,  from  ethene  may  be  derived  the  tvo 
following  series  of  brominated  compounds : — 


Ethene  .     .     . 
Bromethene    . 
Dibromcthene 
Tribromothene 
Tetrabromethene    C^Br^ 


C,H, 
CjHjBr 
CJLBr. 
C.Hbr, 


Ethene  bromide     ....  C,H4Br2 
Bromethene  bromide      .     .  C,H,Br  .  Br, 
Dibromethene  bromide  .     .  C,H^r, .  Br, 
Tribromethene  bromide      .  C,HBr,  .  Br, 
Tetrabromethene  bromide  .  C^Br^      .  Br, 


These  compounds  will  be  more  particularly  described  in  connection  with 
the  corresponding  alcohols. 

8.  A  monochlorinated  or  monobrominated  define  may  give  up  the  atom 
of  chlorine  or  bromine  which  it  contains,  in  the  form  of  hydrochloric  or 
hydrobromic  acid,  whereby  it  is  reduced  to  a  hydrocarbon  of  the  following 
series,  CJI*,.,.  This  reaction  may.  take  place  at  130<»— 150«»  C.  (266°- 
802  F.),  under  the  influence  of  alcoholic  potash,  or,  better,  of  sodium  ethjl- 
ate  (obtained  by  dissolving  sodium  in  anhydrous  alcohpl);  thus.* 

CjHjBr  +  CjHjNaO  =  NaBr  -f  CJff.(HO)  -f  C.H,. 
Bromethene.     Sodium       Sodium        Ethyl         £  thine, 
ethylate.     bromide,     alcohol. 
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4.  Ethene  bromide  and  its  homologues,  treated  with  silver  acetate  or 
potassium  acetate,  exchange  their  bromine  for  an  equivalent  quantity  of 
the  halogenic  residue  of  the  acetate,  C^gO,  (p.  472),  giving  rise  to  di- 
itomio  acetic  ethers ;  thus : 

(C,H,)^'Br,  -f  2C,H,0,K  =  2KBr  +  (C,H,)''(C^,0,), ; 
£thene  Potassium  Potassium  Etnene 

bromide.  acetate,     bromide.  diacetate. 

ud  these  ethers,  distilled  with  a  caustic  alkali,  yield  diatomic  alcohols  or 
glycols;  for  example: 

(C,H4)'0CA0,),  -h  20HK  =  2C,H,0,K  +  (C,H,)^^(OH), 
£thene  Potassium  Btnene 

diacetate.  acetate.  alcohol. 

5.  The  bromides,  C^H^Br^  heated  to  276*>  C.  (527*»  F.)  with  a  mixture  of 
potftssium  iodide,  copper,  and  water,  give  up  their  bromine  and  reproduce 
the  original  define,  together  with  other  hydrocarbons  (p.  476). 

6.  Some  olefines,  when  briskly  shaken  up  with  strong  snlphuric  acid, 
unite  with  it,  forming  acid  ethers  of  sulphuric  acid,  which  contain  the 
mooatomic  alcoholic  radicals  corresponding  to  the  olefines ;  thus : 

C,H^        +        SO4H,        =        SO^.aHj.H; 
Ethene.  Sulphuric  acid.      Ethyl-sulphuric  acid. 

tnd  these  acid  ethers  distilled  with  water  reproduce  sulphuric  acid,  and 
the  monatomic  alcohol  corresponding  to  the  define : 

SO^ .  C,H,H  -f        H(OH)     =    SO4H,        4-        C,H,(OH). 

Ethyl-sulphuric  acid.  Water.  Ethyl  alcohoL 

With  fuming  sulphuric  acid  (which  contains  sulphuric  oxide  in  solution) 
the  olefines  yield  sulpho-acids  which  are  isomeric  with  the  preceding,  but 
are  not  decomposed  by  water,  with  formation  of  an  alcohol. 

7.  Olefines  unite  with  hydrochloric,  hydrobromic,  and  hydriodic  acids; 
and  the  resaltiug  compounds  treated  with  silver  oxide  in  presence  of  water, 
give  rise  to  two  dififerent  reactions  which  go  on  simultaneously,  one  part 
of  the  compound  exchanging  its  halogen  element  for  hydroxyl,  and  thereby 
producing  an  alcohol,  while  another  portion  gives  up  hydrochloric,  hy- 
drobromic, or  hydriodic  acid,  reproducing  the  original  define: 

2(C,H„.m)     +     OAg,    +     OH,    =     2AgI    +    2C^E^fi 

He  xylene  Hexyl 

hydriodide.  alcohol. 

2(CeH5.HI)      +    OAg,    =     2AgI    +    OH,.     +      2CeHg. 
Hexylene  hydriodide.  Hexylene. 

The  greater  number  of  the  olefines  are  not  of  sufficient  importance  to 
require  special  description  in  this  work.  Ethene  has  been  already  de- 
Bcribed  (p.  170).  Quintene,  or  amylene,  and  a  few  others  will  be  noticed 
iu  connection  with  the  corresponding  alcohols 

Itomervtm  in  the  Olefine  teries. — From  theoretical  considerations,  it  might 
be  expected  that  each  member  of  the  olefine  series  would  exist  in  two 
Isomeric  modifications,  the  one  being  a  dyad  radical,  and  the  other  a  satu- 
rated hydrocarbon ;  the  compound  C,H4,  for  example,  might  exhibit  the  two 
modifications  represented  below : 

— CH,  CH, 

— CH,  in. 

Dyadic.  Saturated. 
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But  the  dyadic  members  of  the  series  are  the  only  ones  actnaUy  knovn. 
These,  howeyer,  exhibit  in  some  of  their  compounds  a  different  kind  of 
isomerism,  vhich  does  not  affect  their  eqaiyalent  value. 

«.  The  dichlorides  of  the  olefines  are  isomeric  with  the  monoebloriitmted 
chlorides  of  the  monad  alcohol  radicals,  C. H^+i;  for  example: 

I  y  is  isomeric  with     i   \ 

CH,C1  J  I  CHCl, 

Ethene  Monochlorinated 

dichloride.  ethyl  chloride. 

Both  these  compounds,  when  treated  with  alcoholic  potash,  yield  the  same 
product,  namely,  vinyl  chloride,  C^H.Cl;  but  they  differ  in  boiling  point, 
the  first  boiling  at  86«  C.  (186«  F.),  the  second  at  64°  C.  (147®  FA 

0.  The  oxides  of  the  olefines  are  isomeric  with  the  corr^ponding  alde- 
hydes, and  with  the  alcohols  of  the  series  C.  H^^iOH 

CH,  CH,  CH, 

CH,  COH  CHOH 

Ethene  oxide.       Acetic  aldehyde.     Yinyl  alcohoL 

The  dyad  radical,  called  ethidme,  or  eihyUdene,  which  may  be  supposed  to 
exist  in  aldehyde  and  in  monochlorinated  ethyl  chloride,  has  not  been  iso- 
lated :  it  probably  differs  from  ethene  in  the  manner  shown  by  the  follow- 
ing J'ormulso  : 

— CH,  CH, 

— CH,  CH 

I 
Ethene.  Ethidene. 

Similar  instances  of  isomerism  are  observed  in  the  componnds  of  the 
other  members  of  the  define  series. 


Thikd  SlKIlS,  Ca  H,^,. 

Of  these  hydrocarbons  five  only  have  as  yet  been  prepared,  vis. ; 

Ethine     or  Acetylene,  C,H, 

Propine  **  Allylene,  ^3^4 

Quartine "  Crotonylene,  C4H1 

Quintine  "  Valerylene,  CgH, 

Sextine    "  Diallyl,  C,H,^^ 

The  only  general  method  of  preparing  these  bodies  consists  in  hestiog 
the  monobrominated  derivatives  of  the  olefines,  C.  Hi^jBr,  with  sodium 
ethylate  to  180»-160°  C.  (266°-302o  F.): 

C.Hto-,Br    +     C^NaO     =     NaBr    -f     C,Ha(HO)     +     C.Hfc^ 

Sodium  Ethyl  alcohol, 

ethylate. 

Ethine  and  propine,  which  are  gaseous  at  ordinary  temperatures,  are  sept- 
rated  from  the  alcohol  vapor  with  which  they  are  mixed,  by  passing  the 
gas  into  an  ammoniacal  solution  of  cuprous  chloride,  whereby  an  explosiw 
compound    is    precipitated,   containing  copper,   carbon,   hydrogen,  and 
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oxygen;  and  this  precipitate,  treated  with  hydrochloric  acid,  yields  the 
hydrocarbon  iu  the  pure  state. 

The  other  hydrocarbons  of  the  series,  which  are  liquid,  do  not  form  any 
precipitate  with  ammontacal  cuprous  chloride;  but  they  may  be  separated 
from  excess  of  alcohol  by  addition  of  water,  and  further  purified  by  dis- 
tillation. 

The  hydrocarbons  of  this  series  should  exhibit  three  isomeric  modifica- 
tions: saturated,  dyadic,  and  tetradic,  according  to  the  manner  in  which  the 
carbon  atoms  are  united ;  thus,  for  the  compound  C^H, : 


C— H  — C— H  — C— H 

C— H  ^— C— H  ^— C— H 

Saturated.  Dyadic.  Tetradic. 

Tlie  actually  known  compounds  are,  however,  all  tetradic,  being  capable 
of  uniting  with  four  atoms  of  chlorine,  bromine,  and  other  monad  elements, 
though  they  can  also  form  half-saturated  compounds  containing  only  2 
atoms  of  a  monad  element. 

When  agitated  with  hydrobromic  or  hydriodio  acid,  they  take  up  one  or 
two  molecules  of  these  acids.  The  dihydrobromides  and  dihydriodides 
thus  produced  hare  the  same  composition  as  the  dibrominated  deriTatiyes 
of  the  define  series ;  thus : 

C  Hfc-, .  2HBr     e=     C,  H^Br^ 

The  two  classes  of  bodies  are,  however,  isomeric,  not  identical. 

Ethine,  or  Acetylene,  C,H^ — This  hydrocarbon  is  one  of  the  constituents 
of  cc»tl  gas.  It  is  produced: — 1.  By  synthesis  from  its  elements.  When 
an  electric  arc  from  a  powerful  voltaic  battery  passes  between  carbon  poles 
in  an  atmosphere  of  hydrogen,  the  carbon  and  hydrogen  unite  in  the  pro- 
portion to  form  ethine. 

2.  By  the  action  of  heat  upon  ethene,  or  the  vapor  of  alcohol,  ether,  or 
wood-spirit,  or  by  passing  induction- sparks  through  marsh-gas. 

8.  By  passing  the  vapor  of  chloroform  over  i jpiited  copper : 

2CHC1,    -f    Cug    e=     8Cu,Cl,    +    C,Hy 

4.  By  the  incomplete  combustion  of  bodies  containing  carbon  and  hy- 
drogen :  for  example : 

4CH^    +    0«    =    60H,    +    2C,H, 
Methane.  Ethine. 

2C,H<    +    0,    =    20H,    -I-    2C,H, 
Ethene.  Ethine. 

6.  By  passing  a  mixture  of  marsh-gas  and  carbon  monoxide  through  a 
red-hot  tube : 

CH^    4-    CO    =    OH,    4-    CjH,. 

6.  By  the  action  of  alcohol  potash  on  monobromethene : 

CjHjBr     -f     OHK     =s     KBr     +     OH,     +     CaH,. 

The  crude  ethine  obtained  by  either  of  these  processes  is  purified  in  the 
manner  above  mentioned. 

Ethine  is  a  colorless  gas  of  specific  gravity  0*92,  having  a  peculiar  and  un- 
pleasant odor,  moderately  soluble  in  water,  not  condensed  by  cold  or  pres- 
rore.    It  burns  with  a  very  bright  and  smoky  flame,  one  volume  of  the  gas 

41* 
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oonsuming  2}  Tolumes  of  oxygen  and  producing  2  Tolumes  of  carbon 
dioxide.  When  mixed  with  chlorine^  it  detonates  idmost  instantly,  eren  in 
diffused  daylight,  with  separation  of  carbon. 

Etbine  passed  into  an  amrooniacal  solution  of  cuprout  cMoride  forms  a  red 
precipitate  consisting  of  cuproto-vinyl  oxide,  Cfiu^^^fl,  or  {Cfiu' jB.)fi,  thai 
is  to  say,  vinyl-oxide  (C,H|),0,  having  four  of  its  hydrogen-atoms  re- 
placed by  four  atoms  of  apparently  univalent  copper.*  The  eonstitntion 
of  this  compound  may  be  understood  from  the  following  formulse : 

H    H  H     H  H  H 

Vinyl  oxide.  Cuproso-rinyl  oxide. 

Its  formation  from  cuprous  chloride  and  ethine  is  represented  by  the  equa- 
tion: 

2Cu^,Cl,    -f    2C,H,    -f    OH,    =    4HC1    +    C^Cu'^HjO. 

On  heating  it  with  hydrochloric  acid,  the  opposite  reaction  takes  place, 
cuprous  chloride  and  water  being  reproduced,  and  pure  ethine  cTolved 
as  gas. 

When  this  copper  compound  is  heated  with  zinc  and  dilute  ammonia,  the 
nascent  hydrogen  thereby  evolved  unites  with  the  elements  of  ethine,  pro- 
ducing ethene : 

C^Cu^HjO    4-    2H,    =    Cu^    +    OHj    -\-    2C,Hp 
and  C,H,  -f      H,    =    C^H^. 

Ethine,  briskly  agitated  with  strong  tulplutric  add,  is  absorbed,  producing 
vinyl-sttlphurio  acid,  C,H4S04 : 

C,H,    +    SO4H,    =    S04(C,H,)H; 

and  this  acid,  distilled  with  water,  is  resolved  into  sulphuric  acid  and  vinyl 
alcohol : 

S0,(C-H3)H     +     OH,    =    SO4H,    +    CJH,(0H) 
Vinyl-sulphuric  Vinyl 

acid.  alcohoL 

Ethine  unites  with  bromiw,  forming  a  dibromide,  C,H,Br,. 

Bromethine,  or  Bromaeetylene^  C.HBr,  is  produced  by  the  action  of  alcoholic 
potash  on  dibromethene  dibromide : 

C,H,Br,.Br,    =    HBr    +     Br,    +    C,HBr. 

It  is  a  spontaneously  inflammable  gas,  which  liquefies  under  a  pressure 
of  three  atmospheres,  is  soluble  in  water,  and  very  soluble  in  dibromethene. 
It  unites  with  bromine,  forming  the  compound,  C,HBr .  Br,,  and  when 
passed  into  an  ammoniacal  solution  of  cuprous  chloride,  yields  a  precipi- 
tate of  cuproso-vinyl  oxide. 

Propine,  or  Allylene,  C,H4. — This  compound  is  produced  by  the  action  of 
sodium  ethylate  on  bromopropene : 

CjHjBr    +    CjHgNaO    =    NaBr    +    C,Hg(HO)     -f    QJR^ 
Bromo-  Sodium  Ethyl  alcohol       Propine 

propene  ethylate 

•8eepiig«851 
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its  formation  being  a  pariicnlar  case  of  the  general  reaction  given  on  page 
4B4.  It  la  a  colorless  gas,  having  an  unpleasant  odor,  burning  with  a 
smoky  flame,  and  forming,  with  mercurous  salts,  a  gray  precipitate ;  with 
siWer  salts,  a  white  precipitate ;  and  with  cuprous  chloride  a  yellow  pre- 
cipitate analogous  in  composition  to  that  formed  by  ethine.  With  bromine 
it  forma  the  compounds  C9H4Bry  and  C9H4Br4. 

<laarttne,  or  Crotonylene,  C4Hf.  —  Produced  by  the  action  of  sodium  ethyl- 
ate  on  bromoquartene.  It  is  liquid  below  16°  C.  (59°  F.),  but  volatilizes 
very  quickly  if  not  cooled  by  ice.  It  has  a  very  strong,  somewhat  allia- 
ceous o«lor,  boils  at  about  18°  C.  (64°  F.),  and  distils  between  18°  and  24° 
C.  (loP  F.).  Bromine  dropped  into  this  liquid,  cooled  by  a  freezing  mixture, 
jieids  dibrofHoquartine,  C^H^Br^  a  liquid  heavier  than  water,  and  distilling, 
with  partial  decomposition,  between  148°  and  158°  G.  (298°-316°  F.). 
This  dibromide,  left  in  contact  for  some  days  with  excess  of  bromine,  is 
converted  into  the  tetrabromide,  C4H^Br4,  a  crystalline  solid,  isomeric  with 
dibromo-quartene  dibromide,  C4H9Br, .  Br^ 

daintiiie,  or  Talerylene,  C^H^  is  obtained  by  heating  quintene  bromide 
with  alcoholic  potash  (which  abstracts  hydrobromio  acid),  distilling  the 
liquid  separated  from  the  product  by  water,  and  collecting  that  which  passes 
over  between  44°  and  46°  C.  (111°-115°  F.)  : 

CjHj^Br,    —    2HBr    =    C,Hg. 

Quintine  is  a  colorless,  very  mobile  liquid,  which  floats  on  water,  and  is 
nearly  insoluble  therein.  It  has  a  pungent  alliaceous  odor,  boils  at  44°  to 
46^,  and  has  a  vapor-density  of  2*356 ;  it  is  not  absorbed  by  ammoniacal 
cuprous  chloride. 

Quintine  forms  two  series  of  compounds :  the  one  composed  of  incomplete 
bodies  still  capable  of  fixing  two  atoms  of  chlorine,  bromine,  or  other  monad 
element,  or  one  molecule  of  hydrobromio  or  hydrochloric  acid ;  the  other 
composed  of  saturated  bodies : 

Dyadic,  Saturated. 

Tetrabromide         .     C5HBr4. 
Dibrom  o-hy  dro- 

bromide  .     C5Hg.HBr.Br, 

Dihydrobromide     .     C5H, .  H,Br, 
Dihydrochloride  CjHg .  H,Cl, 

Diaoetate       .        .     C.H.  <  ^^^  „  J  > 

Dihydrate      .        .     CjHgl    ,q^. 

The  bromides,  hydrobromides,  hydrochlorides,  and  hydriodides  are 
formed  by  direct  combination ;  the  acetates  by  heating  the  dihydrobromide 
in  sealed  tubes  with  silver  acetate  suspended  in  ether;  the  hydrates  by 
treating  the  corresponding  acetates  with  solid  potash.  These  compounds 
Are  all  liquid  at  ordinary  temperatures.  The  dibromide,  treated  with  pot- 
Mh  in  alcoholic  solution,  is  converted,  by  abstraction  of  hydrobromio  acid, 
into  fuinlone,  or  valylene,  CgH^  (==  C,HgBr,— 2HBr). 

8eztine,  or  Diallyl,  CgH,Q,  is  produced:  1.  By  decomposing  allyl  iodide, 
Q1H3I,  with  an  alloy  of  tin  and  sodium.  2.  Together  with  many  other  pro- 
^ueu  by  heating  allyl  iodide  in  sealed  tubes  with  zinc  ethide.  It  is  a  liquid 
which  boils  at  58°  C.  (186°  F.),  and  forms  two  series  of  compounds,  one 
Batarated,  the  other  dyadic,  analogous  to  those  of  quintine,  and  obtained  by 
similar  processes.* 

*  A.  WnrCa,  Ann.  Chim.  Phyi.  [4],  UL  120.— Jahrosbericht  fUr  Chemie,  1864,  p.  310. 


Dibromide  .  CjHgBr. 

Monohydrobromide  C, H, .  HBr 

Monohydrochloride  CgHg.  HCl 

Monohydriodide      .  C,Hg.  HI 

Monoacetate   .     .    .  C,iu{^^^^ 

Monohydrate  .         .  CgHgj^ 
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FouBTH  Sekieb,  C.  H^— «• 

The  known  hydrocarbons  of  this  series  are  quintone,  or  voiylent^  ^s^ 
produced  by  abstraction  of  hydrogen  from  quiotine,  C^Hg;  and  certain 
voUtile  oils  called  terpenes^  having  the  composition  C,QU,f.  and  existing 
ready-formed  in  plants.  The  former  is  sexralent  and  quadriTalent ;  the 
latter  are  quadrivalent  and  bivalent. 

Qaintone,  or  Yalylene,  CgH^,  is  formed,  as  already  observed,  by  the  action 
of  alcoholic  potash  on  quiniine  dibromide,  C«H,Br^  and  passes  over,  to- 
gether with  a  little  quintine,  between  46^  and  50°  C.  (118<*-122°F.).  It 
may  be  obtained  pure  by  treating  the  mixture  with  ammoniacal  cuprous 
chloride,  which  precipitates  the  quintone,  but  not  the  quintine;  and  on 
warming  the  precipitate  with  dilute  hydrochloric  acid,  the  quintine  passes 
over,  and  may  be  condensed  by  a  fleecing  mixture.  It  is  a  light  liquid, 
boiling  at  about  50°  G.  (122°  F.)  With  bromine^  in  a  freexing  mixture,  it 
forms  a  crystalline  mass,  consisting  of  gumfone  kexbromide,  C^HfEr^,  satu- 
rated with  a  thick  liquid,  which  is  a  mixture  of  the  compounds  C^H^Br^ 
CfH^Br^,  and  probably  CfH^Br^ 

Terpenes,  C,0H,f. — These  bodies  are  volatile   oils,    existing  in  plants, 
chiefly  of  the  coniferous  and  aurantiaceous  orders;  they  have  not  yet  been 
formed  by  any  artificial  process.     The  most  important  member  of  the  group 
is  turpentine  oil,  which  is  contained  in  the  wood,  bark,  leaves,  and  other  parts 
of  pines,  firs,  and  other  coniferous  trees,  and  is  usually  prepared  by  dis- 
tilling crude  turpentine,  the  oleo-resinous  juice  which  exudes  from  incisions 
in  the  bark  of  the  trees,  either  alone  or  with  water.     It  was  formerly  sup- 
posed that  all  the  volatile  oils  thus  obtained,  and  having  the  composition 
CiqHiq,  were  identical  in  chemical  and  physicnl  properties;  but  recent  in- 
vestigations, especially  those  of  Berthelot,  have  shown  that  the  turpentine 
oils  obtained  from  diflferent  sources  exhibit  considerable  diversities  in  their 
physical,  and  more  especially  in  their  optical  properties;  further,  that  most 
kinds  of  turpentine  oil  are  mixtures  of  two  or  more  isomeric  or  polymeric 
hydrocarbons,  dilToring  in  physical  and  sometimes  also  in  chemical  pro- 
perties.    These  modifications  are  often  produced  by  the  action  of  heat  and 
of  chemical  reagents  during  the  purification  of  the  oil. 

The  several  varieties  of  turpentine  oil,  when  purified  by  repeated  rectifi- 
cation with  water,  are  colorless  mobile  liquids,  having  a  peculiar  aromatic 
but  disagreeable  odor.  They  are  insoluble  in  water,  slightly  soluble  in 
aqueous  alcohol,  miscible  in  all  proportions  with  absolute  alcohol,  ether,  and 
carbon  disulphide.  They  dissolve  iodine,  sulphur,  phosphorus,  and  manj 
organic  substances  which  are  insoluble  in  water,  such  as  fixed  oils  and 
resins,  and  are  therefore  used  for  making  varnishes. 

The  principal  varieties  are,  French  turpentine  oil,  obtained  from  the 
French  or  Bordeaux  turpentine  of  Pinut  maritima,  and  English  turpentine 
oil,  from  the  turpentine  collected  in  Carolina  and  other  Southern  Slates  of 
the  American  Union,  from  Pinux  Atufralis  and  Pinut  Uxda. 

French  turpentine  oil,  when  purified  by  neutralising  it  with  an  alkaline 
carbonate,  and  then  distilling  it,  first  over  the  wat«r-bath,  and  then  in  a 
vacuum  (by  which  treatment  all  transformation  of  the  product  by  heat  or 
by  reagents  is  avoided),  consists  mainly  of  a  hydrocarbon,  C,oH,f.  caDed 
terebenthene.  It  has  a  specific  gravity  of  0-864.  boils  at  161°  C.  (322°  F.),  snd 
turns  the  plane  of  polariiation  of  a  ray  of  light  to  the  left.  English  tur- 
pentine oil.  treated  in  a  similar  manner,  yields,  as  its  chief  constituent,  a 
liquid  called  australene,  or  atd^ f rater ebenthene,  having  the  same  specific  grsTitj 
and  boiling  point  as  terebenthene,  but  turning  the  plane  of  polarisation  to 
tho  right. 
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When  pure  turpentine  oil  (terebenthene  or  australene)  is  heated  to  200^- 
250^,  it  undergoes  a  molecular  transformation,  and  may  then  be  separated 
bj  distillation  into  two  oils,  one  called  austrapyrolene,  isomeric  with  the 
original  oil,  and  boiling  at  176<»  to  178°  C.  (848°-352<'F.) ;  the  other,  called 
meiiU^nbetUheney  polymeric  with  the  original  oil,  having  the  formulaCjoHs^ 
and  boiling  at  a  temperature  above  86^°  C.  (680°  F).  Both  are  levorota- 
tory,  the  latter  exhibiting  the  greater  amount  of  rotatory  power. 

Turpentine  oil  treated  with  bonm  fluoride  or  strong  tulphuric  acid^  is  trans- 
formed into  two  hydrocarbons  having  no  action  on  polarized  light.  The 
one,  called  Urehene,  has  the  formula  0,^11^,  and  boils  at  160°C.  (820°F.) ; 
the  other,  called  cohphenej  or  diterebene,  consists  of  C^U^  and  boils  at  a 
very  high  temperature. 

By  the  action  of  sodium  stearate  on  a  solid  compound  of  turpentine  oil 
and  hydrochloric  acid  to  be  presently  described,  a  crystallized  hydrocar- 
bon, G|0ll|g,  called  eampheney  is  formed,  which  turns  the  plane  of  polariza- 
tion to  the  left  or  to  the  right,  according  as  it  has  been  formed  from  French 
or  from  English  turpentine  oil.  If  sodium  acetate  be  used  in  its  prepara- 
tion in  place  of  the  stearate,  the  same  hydrocarbon  is  obtained,  but  it  is 
then  optically  inactive. 

Turpentine  oil  exposed  to  the  air  absorbs  oxygen,  which  then,  as  in  all 
slow  combustions,  acquires  the  properties  of  ozone,  and  subsequently  en- 
ters into  combination  with  the  hydrocarbon,  forming  resinous  products. 
Nitrie  add^  and  other  powerful  oxidizing  agents,  convert  turpentine  oil  into 
a  number  of  acid  products  of  complex  constitution.  Strong  nitric  acid 
acts  very  yiolently  on  turpentine  oil,  sometimes  setting  it  on  fire. 

Chlorine  is  absorbed  by  turpentine  oil,  with  evolution  of  heat,  sometimes 
sufficient  to  produce  inflammation.  When  paper  soaked  in  rectified  tur- 
pentine oil  is  introduced  into  a  Teasel  filled  with  chlorine,  the  turpentine 
takes  fire,  and  a  quantity  of  black  smoke  is  produced,  together  with  white 
fumea  of  hydrochloric  acid.  Bromine  acts  in  a  similar  manner.  Iodine  is 
dissolved  by  turpentine  oil,  forming  at  first  a  green  solution,  which  after- 
wards becomes  hot,  and  gives  oflf  hydriodio  acid.  When  a  considerable 
quantity  of  iodine  is  suddenly  brought  in  contact  with  turpentine  oil,  ox- 
plosion  frequently  ensues.  Turpentine  oil  distilled  with  chloride  of  lime  and 
vfottr,  yields  chloroform. 

Compounds  of  Turpentine  oU. —  Turpentine  oil  forms  several  compounds 
with  hydrochloric  add.  The  gaseous  acid  converts  it  into  the  monohydro^ 
ekloridcy  C,oH,0.  HCl.  On  the  other  hand,  when  the  oil  is  subjected  for  sev- 
eral weeks  to  the  action  of  the  strong  aqueous  acid,  crystals  of  a  diht/dro- 
chloride,  CiqH,^  .  2HC1,  are  obtained.  This  latter  compound  is  also  formed 
by  the  action  of  hydrochloric  acid  gas  on  lernon  oil;  hence  it  is  called  citrene 
dihydroehiaride.  By  the  action  of  hydrochloric  acid  on  tercbene,  the  com- 
pOQQd  C20H93 .  HCl  is  formed,  called  diterebene  hydrochloride.  Lastly,  when  a 
current  of  hydrochloric  acid  gas  is  passed  through  a  solution  of  turpentine 
oil  in  acetic  acid,  the  compound  0^^.  8HC1  is  produced,  called  dipyrolene 
hydrochloride. 

Hydrobromic  and  hydriodie  acids  form,  with  oil  of  turpentine,  compounds 
analogous  in  composition  to  the  hydrochlorides ;  the  dihydriodide,  however, 
has  not  been  obtained  from  turpentine  oil  itself. 

WhateTer  method  may  be  adopted  for  preparing  the  hydrochlorides,  hy- 
drobromides,  or  the  monohydriodide  of  turpentine  oil,  there  are  always 
two  isomeric  modifications  obtained  —  one  liquid,  the  other  solid  and  crys- 
talline. The  crystallized  monohydrocbloride  is  sometimes,  though  inap- 
propriately, designated  as  artificial  camphor,  and  the  di hydrochloride  as 
let^n  camphor. 

Hydrates  of  Turpentine  oil. — The  terebentbenes  unite  with  icater  in  sev- 
eral proportions,  yielding  the  following  compounds: 
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C„Hrt .  80H,  C,oH„ .  20H,  C,oH„  OH,  2C„H^ .  OH, 

Terpin  Terpin.  Terpintin  TerpinoL 

hydrate.  hydrate. 

Terpin  hydrate^  C,oH,| .  20H, .  Aq.  (also  called  Jktrpmtine-ean^hor  and  Bff- 
drate  of  Turpeniine-otl)^  is  frequently  deposited  in  crystals  from  turp«ntin« 
oil  containing  water ;  its  production  is  favored  by  the  presence  of  an  acid. 
To  prepare  it,  8  vols,  turpentine  oil  are  mixed  with  2  toIs.  nitric  acid  and 
1  to  6  vols,  alcohol ;  and  the  mixture  is  frequently  shaken  during  the  first 
few  days,  then  left  to  itself  in  shallow  vessels  for  several  weeks.  Brown 
crystals  are  thereby  formed,  which  must  be  pressed,  and  then  recrjstaU 
lized  from  boiling  water,  with  addition  of  animal  charcoal. 

Terpin  hydrate  usually  crystallizes  in  large  rhombic  prisms;  it  dissolves 
sparingly  in  cold,  easily  in  boiling  water,  easily  also  in  alcohol  and  ether. 
At  100°  C.  (212'' F.)  it  melts,  gives  off  its  water  of  crysUUizatioo,  and  is 
converted  into  terpin.  The  same  change  takes  place  on  exposing  the  crys- 
tals to  air  dried  over  oil  of  vitriol. 

Terpin,  C,oH^  .  20H,,  melts  at  103°  C.  (217°  F.),  and  solidifies  in  thecrrs- 
talline  state  on  cooling.  It  sublimes  at  about  150°,  in  slender  needles.  It 
is  dissolved  with  red  color  by  strong  sulphuric  acid,  and  converted  int-o 
turpentine  oil.  The  same  change  takes  place  on  boiling  the  terpin  with 
dilute  acids,  heating  it  to  100°  C.  (212°  F.J  with  sine  chloride,  or  to  ieO°- 
180°  C.  (320°-356°  F.)  with  chloride  of  calcium,  strontium,  or  ammonium. 
Terpin,  or  terpin  hydrate,  subjected  to  the  action  of  gaseous  or  aqueous 
hydrochloric  acid,  or  of  the  chlorides,  bromides,  or  iodides  of  phosphorus, 
is  converted  into  the  crystallized  dihydrochloride,  dihydrobromide,  ordihy- 
driodide;  this  is  in  fact  the  only  way  of  obtaining  the  last-mentioned  com 
pound.  Terpin,  distilled  with  phosphoric  oxide,  yields  terebene  and  eolo- 
phene  (p.  485).  Heated  with  acetic  or  butyric  acid,  or  with  benzoic  chlor- 
ide, it  yields  terebene  and  polyterebenes.  When  heated  with  acetic  oxide, 
(C^Ufi)fi,  to  140°  C.  (284°  F  ),  for  not  too  long  a  time,  it  yields  a  com- 
pound containing  C,oH,g .  C2H4O, .  OH,. 

Terpentin  hydrate,  0,^H„ .  OH,,  is  sometimes  obtained  in  the  preparatioa 
of  terpin,  either  together  with  the  latter  or  alone.  It  is  a  liquid  insoluble 
in  water,  and  boiling  at  200°-220°  C.  (392°-428°  F.). 

Terpinol,  2(^^^\\^ .  0H„  is  produced  when  terpin  is  boiled  with  dilute 
hydrochloric  or  sulphuric  acid,  or  when  the  dihydrochloride  of  terebene  is 
boiled  with  water,  alcohol,  or  alcoholic  potash.  It  is  a  colorless,  strongly 
refracting  oil.  optically  inactive,  and  boiling  with  partial  decomposition 
at  168°  C.  (334°  F.). 

The  hydrocarbon,  C,oH,c  (decone  or  terebenthene),  acts  as  a  quadrivalent 
radical,  capable  of  uniting  with  four  monad  atoms,  and  therefore  with  two 
molecules  of  the  acids  HCl,  HBr,  and  HI,  thereby  producing  the  dihydro- 
chlorides  above  mentioned ;  but,  like  other  tetrad  radicals,  it  can  also  take 
up  only  two  monad  atoms,  producing  the  monohydrochloride,  &c.  The 
same  tetrad  radical,  by  doubling  itself,  loses  two  units  of  equivalence,— just 
as  two  atoms  of  carbon  when  united  are  satisfied  by  six,  and  not  by  eight 
atoms  of  hydrogen,  and  forms  the  hydrocarbon,  C^H„,  which  is  sexvalent, 
and  can  therefore  form  such  compounds  as  Cj^li^ .  8HCL  Further,  this 
same  hexad  radical  might  form  non-saturated  compounds  containing  only 
four  or  two  monad  atoms;  in  reality,  however,  only  those  containing  two 
monad  atoms  are  known,  such  as  Cj^H,].  HCl. 

If  in  the  several  hydrochlorides  each  atom  of  chlorine  be  replaced  bj 
hydroxyl,  HO,  we  obtain  the  formulae  of  the  several  hydrates  of  turpentine 
oil;  the  hydrate  corresponding  to  the  hydrochlorate,  C,oH„ .  HCl,  has  not, 
however,  been  prepared. 
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V01.AT11.S  Oils  isombbig  with  Turpentine  Oil. — The  following  volatile 
or  essential  oils  obtained  from  plants  exhibit,  like  oil  of  turpentine,  the 
composition  CiqH,^. 

Terpenesfrom  Aurantiaeeow plants. — These  terpenes  are  distinguished  by 
their  fragrant  odor.  Lemon  oil,  obtained  from  the  rind  of  the  fruit  of  Cii- 
rttt  UmoHMtm^  by  pressure,  or  by  distillation  with  water,  consists  mainly  of 
citrene,  C^gfi^  a  hydrocarbon  closely  resembling  terebenthene,  having  a 
specific  gravity  of  0*85  at  16^,  boiling  at  167°  or  168°,  tusning  the  plane 
of  polarization  to  the  right.  With  water  it  forms  a  crystallized  hydrate 
resembling  terpin ;  with  hydrochloric  acid,  a  dihydrochloride,  C,oH,^ .  2HC1, 
existing  in  a  solid  and  a  liquid  modification,  and  a  monohydrocliloride, 
C,0H„ .  HCU  apparently  susceptible  of  similar  modifications. 

Similar  oils  are  obtained  from  the  rind  of  the  sweet  orange  ( Citrw  auran- 
tmm),  the  bergamot  {C.  bergamia),  the  bigarade  or  bitter  orange  (C.  btgara- 
dMi),  the  lime  ((7.  limetta),  the  sweet  lemon  (C.  lumia)^  and  the  citron  (C. 
mediea).  Oil  of  neroU,  obtained  by  distilling  orange-flowers  with  water,  is 
probably  also  a  terpene  when  pure. 

Terpenes  from  other  eoureee. — The  volatile  oils  of  athamanta,  beech,  borneo 
(from  I>ryabaUinopa  eamphora),  caoutchouc,  caraway,  camomile,  coriander, 
eleml,  gomart,  hop,  juniper,  imperatoria,  laurel,  parsley,  pepper,  savin, 
thyme,  valerian,  and  others,  also  the  neutral  oils  of  wintergreen  (Gaul- 
theria  proeumberu),  and  cloves,  are  isomeric  with  oil  of  turpentine.  Tiie  oils 
of  copaiba  and  cubebs  are  probably  polymeric  with  it,  their  molecules  con- 
taining CjoHja- 

Catnttehoue,  or  India-rubber,  the  thickened  milky  juice  of  several  species 
of  /leiw.  Euphorbia^  and  other  trees  growing  in  tropical  countries,  is  essen- 
tially a  mixture  of  several  hydrocarbons  isomeric  or  polymeric  with  turpen- 
tine oil.  When  pure  it  is  nearly  white,  the  dark  color  of  commercial 
caoutehouc  being  due  to  the  effects  of  smoke  and  other  impurities.  It  is 
softened  but  not  dissolved  by  boiling  water ;  it  is  also  insoluble  in  alcohol. 
In  pure  ether,  rectified  petroleum,  and  coal-tar  oil,  it  dissolves,  and  is  left 
unchanged  on  the  evaporation  of  the  solvent.  Oil  of  turpentine  also  dis- 
solves it,  forming  a  viscid,  adhesive  mass^  which  dries  very  imperfectly. 
At  a  temperature  a  little  above  the  boiling  point  of  water,  caoutchouc 
melts,  but  never  afterwards  returns  to  its  former  elastic  state.  Few  chemi- 
cal agents  affect  this  substance ;  hence  its  great  use  in  chemical  investiga- 
tions, for  connecting  apparatus,  &o.  By  destructive  distillation  it  yields  a 
large  quantity  of  a  thin,  volatile,  oily  liquid,  of  naphtha-like  odor,  called 
cttoatehouein^  which  dissolves  caoutchouc  with  facility.  This  oil,  according 
to  Mr.  Greville  Williams,  is  composed  of  two  polymeric  hydrocarbons: 
eaoutchin,  C,oH,^  boiling  at  171°  C.  (840°  F.),  and  isoprene,  CgHg.  boiling  at 
37°  C.  (99°  ¥.). 

Caoutchouc  combines  with  variable  proportions  of  sulphur.  The  mix- 
tures thus  obtained  are  called  vulcanized  India-rubber ;  they  are  more  per- 
manently elastic  than  pure  caoutchouc. 

Vulcatiite,  or  Ebonite,  is  caoutchouc  mixed  with  half  its  weight  of  sulphur, 
and  hardened  by  pressure  and  heating.  It  is  very  hard,  takes  a  high 
polish,  and  is 'used  for  making  combs,  knife-handles,  buttons,  &c.  It  is 
also  especially  distinguished  by  the  large  quantity  of  electricity  which  it 
evolves  when  rubbed ;  hence  it  makes  an  excellent  material  for  the  plates 
of  electrical  machines. 

Gutta-percha,  the  hardened  milky  juice  of  Tsonandra  gutta,  a  large  tree 
growing  in  Malacca  and  many  of  the  islands  of  the  Eastern  Archipelago, 
is  similar  in  composition  to  caoutchouc,  and  resembles  it  in  many  of  its 
properties,  but  is  harder  and  less  elastic.  It  is  quite  insoluble  in,  and  im- 
pervious to,  water,  and  being  also  an  excellent  electric  insulator,  is  exten- 
sively used  as  a  casing  for  submarine  telegraph  wires.     By  dry  distillation 
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it  yields  isoprene,  caontohin,  and  a  heavy  oil  called  hevtene,  probaUy  poly- 
meric with  these  bodies. 

YoLATiLB  OB  ESSENTIAL  OiLS  IN  OBNBRAL. — ^The  Tolatilc  oils  obtained 
from  plants  mostly  consist  either  of  hydrocarbons  isomeric  or  polymeric 
with  turpentine  oil,  or  of  mixtures  of  those  hydrocarbons  with  componntls 
of  carbon,  hydrogen,  and  oxygen.  Thus  valerian  oil  contains  valeric  acid, 
Cfiffi^;  pelargonium  oil  contains  pelargonic  acid,  C^igO.;  me  oil  con- 
tains capric  aldehyde,  Of  H„0 ;  wintergreen  oil  contains  acid  methyl  eali- 
cate,  C|HgOg,  the  oxygenated  compound  being  associated  in  each  case  with 
a  terpene.  Some  consist  essentially  of  aldehydes :  thus  bitt«r  almond  oil 
consists  of  benzoic  aldehyde,  C^HgO;  the  oils  of  cinnamon  and  cassia  ccd- 
tain  cinnamio  aldehyde,  C^HgO ;  and  those  of  anise,  star-anise,  fennel,  and 
tarragon,  contain  anethol,  CipH^O.  Those  volatile  oils  which  exist  ready 
formed  in  living  plants  do  not  appear  to  contain  any  elements  besides  car- 
bon, hydrogen,  and  oxygen.  Sulphur  is  found  only  in  certain  oils  resnli- 
ing  from  a  kind  of  fermentation  process,  as  in  the  volatile  oils  of  mustard 
and  garlic;  nitrogen,  when  it  occurs,  must  be  regarded  as  an  impu- 
rity resulting  from  admixed  vegetable  tissue.  Volatile  oils  are  mostlj 
procured  by  distilling  the  plant,  or  part  of  the  plant,  with  water  ; 
their  points  of  ebullition  almost  always  lie  above  that  of  water;  never- 
theless, at  100°  the  oils  emit  vapor  of  very  considerable  tension,  which 
is  carried  over  mechanically,  and  condensed  with  the  steam.  .  The  milkj 
or  turbid  liquor  obtained  separates,  when  left  at  rest,  into  oil  and  water. 
Sometimes  the  oil  is  heavier  than  the  water,  and  sinks  to  the  bottom: 
sometimes  the  reverse  happens.  From  parts  of  plants  which  are  very  rich 
in  volatile  oil,  such  as  lemon  and  orange-peel,  the  oil  may  be  extracted  by 
pressure. 

A  few  volatile  oils  are  found  in  the  bodies  of  animals, —  oil  of  ante,  for 
example. 

Most  volatile  oils  are  colorless  when  pure ;  they  often,  however,  have  a 
yellow  color  arising  from  impurity ;  and  a  few,  the  oils  of  wormwood  and 
camomile,  for  example,  have  a  green  or  blue  color,  due  to  the  presence  of 
an  oily  compound  of  a  very  deep  blue  color,  called  eeruUin.  They  hafe 
usually  a  powerful  odor,  and  a  pungent,  burning  taste.  When  exposed  to 
the  air,  they  frequently  become  altered  by  slow  absorption  of  oxygen,  and 
assume  the  character  of  resins.  They  mix  in  all  proportions  with 
fat  oils,  such  as  linseed,  nut;  colsa,  and  whale  oils,  and  dissolve 
freely  both  in  ether  and  alcohol:  from  the  latter  solvent  they  are 
precipitated  by  the  addition  of  water.  Volatile  oils  communicate  a 
greasy  stain  to  paper,  which  disappears  by  warming ;  by  this  character 
any  adulteration  with  fixed  oils  can  be  at  once  detected.  Many  volatile 
oils,  when  exposed  to  cold,  separate  into  a  solid  crystalline  compound 
called  a  camphor  or  siearoptene,  and  a  liquid  oil,  which,  for  diatinction,  is 
sometimes  called  an  eUeoptene. 


Fifth  Sxbibs,  C.H^-«. — Aromatic  Htdbocarboks. 

The  hydrocarbons  of  this  series  present  peculiar  interest  on  accoont  of 
the  many  important  derivatives,  including  alcohols,  acids,  bases,  &c.,  to 
which  they  gave  rise.  The  whole  group  of  compounds  thus  formed  are 
usually  designated  as  aromatic  bodies,  on  account  of  the  peculiar  and  fra- 
grant odors  exhibited  by  some  of  them, — bensoic  acid,  for  example. 
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The  known  hydrocarbons  of  the  aromatic  series  are : 

Benzene ^6^0 

Toluene C^Hg 

Xylene ^s'^io 

Cumene    .         •         •        •        •  ^9^13 

Cymene ^10^14 

Ainylzylene       ....  ^u^ao 

They  are  all  found  (except  the  last)  in  the  lighter  part  of  the  oil  obtained 
by  the  destructive  distillation  of  coal,  and  may  be  separated  from  one 
another  by  fractional  distillation. 

These  hydrocarbons  might  be  regarded  as  derived  from  the  correspond- 
ing paraffins  by  abstraction  of  8  atoms  of  hydrogen  (e.g.,  CgHg=rCgH^ — 
Hg),  or  from  the  olefines  by  abstraction  of  6  atoms  of  hydrogen,  &c. ;  and 
accordingly  they  might  be  expected  to  act  as  octoyalent,  sexvalent,  quad- 
rivalent, or  bivalent  radicals ;  and,  in  fact,  cymene  can  combine  with  two 
Atoms  of  chlorine,  and  benzene  forms  definite  compounds  with  6  atoms  of 
chlorine  and  of  bromine.  But  in  nearly  all  cases  the  aromatic  hydrocar- 
bons react  as  saturated  molecules,  like  the  paraffins,  yielding,  when  treated 
vith  chlorine,  bromine,  or  nitric  acid,  not  additive  compounds,  but  substi- 
tution-products. 

Benzene  may  be  represented  as  a  saturated  molecule  by  the  following 
eonsiitutional  formula,  in  which  the  carbon-atoms  are  united  together  by 
one  and  two  combining  units  alternately : 

H— C C— H 

H--fc        C— H. 

H— CnzzC— H 

The  other  hydrocarbons  of  the  series  may  be  derived  from  it  by  suc- 
cessive addition  of  CH^  or  by  substitution  of  methyl,  CHg,  for  hydrogen ; 

thus: 

CyH,  =  CjHgfCH,)  Methyl-benzene, 

CgHjg  =  CgH^jCH,),  Dimethyl-benzene, 

CgHp  =  CgH,(CHg),  Trimethyl-benzene, 

C,gH,4  =  CgHj(CHg)4  Tetramethyl-benzene. 

Further,  a  hydrocarbon  isomeric  with  dimethyl-benzene  may  be  formed 
by  the  substitution  of  ethyl,  C^H.,  for  1  atom  of  hydrogen  in  benzene,  viz., 
ethyl-benzene,  CeH5(C,H.);  in  like  manner,  methyl-ethyl-benzene,  CgH^ 
fCH,)(C,H5),  ^^^  propyl-benzene,  CgH5(CglI^),  are  isomeric  with  trimethyl- 
benzene;  diethyl-benzene,  C^^^{C2^6)v  ^^^^  tetramethyl-benzene,  &c.,  &c. 
It  is  easy  to  see  that,  in  this  manner,  a  large  number  of  isomeric  bodies 
may  exist  in  the  higher  terms  of  the  series. 

BvAiene,  OgHg. — This  hydrocarbon  can  be  produced  synthetically  from  its 
elements.  When  ethine,  C.H,,  which,  as  we  have  seen  (p.  486),  may  be 
formed  by  the  direct  combination  of  carbon  and  hydrogen,  is  heated  to  a 
temperature  somewhat  below  redness,  it  is  converted  into  several  polymeric 
modifications,  the  principal  of  which  is  triethme  or  benzene^  8C,H,=£CgHg. 

Benzene  is  also  formed  in  the  dry  distillation  of  many  organic  substances, 
&nd  is  contained  in  considerable  quantity  in  the  more  volatile  portion  of 
eoal'tar  oil,  from  which  it  is  now  almost  always  prepared.  To  obtain  it,  the 
oil  is  repeatedly  washed  with  dilute  sulphuric  acid  and  with  potash,  to  re- 
moie  the  alkaline  and  acid  products  likewise  existing  in  it;  and  the  re- 
nsiniDg  neutral  oil  is  submitted  to  repeated  fractional  distillation,  the  por- 
42 
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tion  which  goes  over  between  SO®  and  90®  C.  {176°-ld4<»  F.)  being  collected 
apart.  On  cooling  this  distillate  to  —12®  C.  (10®  F.),  the  benzene  crystal- 
lizes out,  and  may  be  purified  from  adhering  liquid  substances  by  pressure. 
It  is  now  prepared  in  immense  quantities  for  the  manufacture  of  aniline ; 
but  the  commercial  product  is  always  impure,  containing  also  the  liigiier 
members  of  the  aromatic  series. 
Pure  benzene  may  be  obtained  by  distilling  benzoic  acid  with  lime  : 

C^HeO,    +    CaO    =    COjCa    +    C^H^ 
Benzoic  Lime.         Calcium      Benzene, 

acid.  carbonate. 

Benzene  is  identical  with  the  so-called  biearburei  of  hydrtygtn^  discoTered 
many  years  ago  by  Faraday  in  the  liquid  condensed  during  the  oompressicoi 
of  oil-gas  (p.  172i. 

Pure  benzene  is  a  thin,  limpid,  colorless  strongly  refracting  liquid, 
haying  a  peculiar  ethereal  odor.  It  has  a  density  of  0*886  at  15 -6^  C. 
(60°  F.),  boils  at  82°  C.  (180°  F.),  and  solidifies  at  3°  C.  (37°  F.)  to  a  white 
crystalline  mass.  It  is  nearly  insoluble  in  water,  but  mixes  with  alcohol 
and  ether.  It  dissolves  iodine,  sulphur,  and  phosphorus,  and  a  large 
number  of  organic  substances,  fats  and  resins,  for  example,  which  are  in- 
soluble, or  very  sparingly  soluble  in  water  and  alcohol;  hence  its  use  in 
many  chemical  preparations,  and  for  remoTing  grease-spots  from  articles 
of  dress. 

Benzene,  passed  in  the  state  of  vapor  through  a  porcelain  tube  heated 
to  bright  redness,  is  partly  resolved  into  hydrogen  gas,  containing  a  small 
quantity  of  ethine,  and  the  following  liquid  products:  (1)  dq>kenylf  C„H|g 
=  2C,H,— H,;  (2)  chryzme,  ^,gH„  =  8C,He— H,;  (3)  bemerytkrene,  a  solid, 
resinous,  orange-colored  bodv  of  unknown  composition,  which  distils  over 
in  yellow  vapors  at  a  dull  red  heat;  (4)  bitument,  a  blackish  liquid,  which 
remains  in  the  retort  at  a  dull  red  heat,  and  solidifies  on  cooling.* 

SuBSTiTVTiON-PBODUCTS  OF  BsNZENB. —  Chlorine  and  bromine  act  readily 
on  benzene,  forming  substitution-products,  in  which  the  hydrogen-atoms 
are  successively  replaced  by  the  halogen  element;  thus  with  chlorine  the 
compounds 

CeHgCl,        CeH^Cly        C,n,Clj,        CgH^Cl^,        CgHCl„        CgCl, 

are  obtained.  The  formation  of  the  more  highly  chlorinated  products  is 
facilitated  by  the  presence  of  iodine  or  of  ant.mony  pentachloride. 
'  Monochlorobemene,  CgHgCI,  which  may  abo  be  prepared  by  the  action  of 
phosphorus  pentachloride  on  phenol,  C^H^rOH), — and  is  hence  regarded  as 
a  chloride  of  the  univalent  radical  j? Am v^,  Cglls, — is  a  colorless  liquid,  heavier 
than  water,  and  boiling  at  about  136°.  When  treated  with  nascent  hy- 
drogen (evolved  from  water  by  sodium  or  sodium  amalgam)  it  is  reconverted 
into  benzene.  Diehlorobenzene,  C^HjCl-,  is  a  crystalline  solid;  triehloro- 
benzene  is  a  liquid  which  does  not  solicufy  at  0°.  The  more  highly  chlori- 
nated benzenes  are  crystalline  solids. 

Monobromobenzene^  CfH^Br,  is  a  liquid;  the  compounds  CgH^Br^  and 
CeH.Br,,  are  solid ;  similarly  with  the  iotlobemenes. 

These  haloid  derivatives  of  benzene  are  comparatively  stable  compounds, 
which  do  not  give  off  their  chlorine,  bromine,  or  iodine  in  exchange  for  hy- 
droxyl  or  other  radicals  so  easily  as  the  corresponding  derivatives  of  the 
paratfins  (p.  478) ;  tlius  monochlorobenzene  or  phenyl  chloride,  CgH^Cl,  is  not 
converted  into  hydroxyl-benzene  or  phenyl  alcohol,  CgH5(0H),  by  treat- 
ment with  water  or  alkalies. 

•  Berthdot,  Bnlletin  de  la  Soci6t«  Chimlqne  de  Parts,  [2]  vl.  pp.  272, 279. 
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Jiiirob€m2en£». — Beniene  dissoWes  readily  in  strong  nitric  acid,  and  on 
adding  water  to  the  solution,  nitrobenzene,  CgH^(NO|),  separates  out: 

CgH.    +    NO,(OH)    =    OH,    +    CeHgNO,. 

It  18  a  yellowish  liquid,  smelling  like  bitter  almonds,  and  hence  used  in 
perfumery ;  it  is  known  commercially  by  the  incorrect  name  of  artificial  oil 
of  almonds.  By  reducing  agents  it  is  conyerted  into  amidobenxene  or  ani- 
line, C9Hg(N2H),  which  will  be  described  among  organic  bases. 

Dinitrobenzene,  C^H^  fi^,  or  C  6H4(NO,),,  produced  by  warming  beniene 
with  a  mixture  of  nitric  and  sulphuric  acids,  is  a  white  substance,  crystal- 
liiing^  in  needles ;  by  reducing  agents  it  is  oonyerted  into  diamido-benzene 
or  phenylene-diamine,  CgH4(NH,),. 

ADDimrs-ooMPOUNDs  or  Bbnzini.  —  Beniene,  although,  as  already  ob- 
seired,  it  mostly  reacts  as  a  saturated  molecule — exhibiting  indeed  in  its 
chemical  relations  a  yery  close  resemblance  to  the  paraffins  —  can  neyer- 
theless,  under  certain  circumstances,  take  up  6  atoms,  or  8  molecules,  of 
chlorine  or  bromine,  forming  the  compounds  C^ H^Clg,  and  CgH^Br..  These 
are  crystalline  bodies,  obtained  by  exposing  beniene  to  sunshine  in  contact 
with  chlorine  or  bromine;  the  former  also  by  mixing  the  vapor  of  boiling 
beniene  with  chlorine.  Beniene  hexchloride  melts  at  132^  G.  (270®  F.), 
and  boils  at  288®  C.  (550®  F.  j,  being  partly  resolved  at  the  same  time  with 
hydrochloric  acid  and  trichlorobeniene,  CfHfClg  =  8HC1  -f  C^HJCl^  The 
ume  decomposition  is  quickly  produced  by  heating  the  compound  with 
alcoholic  solution  of  potash.  Beniene  hexbromide  exhibits  a  similar  re- 
action. 

Benzene  is  also  capable  of  uniting  directly  with  three  molecules  of  hypo^ 
chhrout  add,  forming  the  compound  CgH^Cl^O,,  or  C^H^ .  8C10H,  which  crys- 
UlUzes  in  thin  colorless  plates  melting  at  about  10®,  and  is  converted  by 
alkalies  into  a  saccharine  compound  called  pkenoee,  C^Hi^Of,  isomeric  with 
glucose  or  grape-sugar: 

C^njClfi^    +    80HK    =    3KC1    +    CeH„0,. 

Toluene,  O^Hg,  or  Methyl  beniene,  CeH5(CH,).  —  This  hydrocarbon,  which 
may  also  be  regarded  as  a  compound  of  methyl  with  the  univalent  radical, 
phenyl,  i  «.,  as  phenyl-methyl,  CqH^  .  CH,,  is  produced :  Synthetically  (I)  by 
the  action  of  sodium  on  a  mixture  of  bromobenzene  (phenyl  bromide),  and 
diethyl  iodide : 

GgHsBr  +  CH,!  +  Na,  =  NaBr  +  Nal  +  CeHg.CH,. 

(2)  By  the  mutual  action  of  benzene  (phenyl  hydride),  and  methane 
(methyl  hydride),  in  the  nascent  state,  as  when  a  mixture  of  2  parts  of 
Bodiam  acetate  and  1  part  of  sodium  benzoate  is  subjected  to  dry  distilla- 
tion: 

CfHg    -|"     C^4    =    ^7^1    "4"     ^r 

It  is  also  produced  by  distilling  toluio  acid,  CgH,oOjp  with  lime,  which 
abatracts  carbon  dioxide : 

C,H„jO,    =    CO,    +    CyH,. 

It  occurs,  t4>gether  with  benzene  and  the  other  hydrocarbons  of  the  series, 
in  light  coal-tar  oil,  and  in  the  products  of  the  distillation  of  wood,  tolu 
balsam,  dragon's-blood,  and  other  vegetable  substances;  and,  together  with 
many  other  hydrocarbons,  in  Rangoon  tar  or  Burmese  naphtha. 

Toluene  is  a  limpid  liquid,  smelling  like  benzene,  and  having  a  density 
of  0-881  at  6®C.  (41®  F.).  It  boihi  at  111®  C.  (232®  F.),  and  does  not  solid- 
ify at  — 20®  C.  ( — 4®  F. ).  In  respect  of  solubility  and  solvent  power,  it 
is  very  much  like  beniene,  but  dissolves  somewhat  more  readily  in  alcohoL 
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When  treated  with  oxidising  agents,  it  yields  bensoio  acid,  CyH^^  or  de- 
rivatiyes  thereof;  with  potassium  chromate  and  sulphuric  acid,  it  yields 
bensoic  acid ;  and  by  prolonged  boiling  with  strong  nitric  acid,  nitroben- 
sole  acid. 

Toluene  vapor  passed  through  a  red-hot  porcelain  tube  is  partly  resolTcd 
into  hydrogen  gas  (with  small  quantities  of  methane  and  ethine),  and  the 
following  liquid  products :  ( 1 )  Benxene  and  naphthalene  in  considerable 
quantities.  (2)  A  crystallizable  hydrocarbon  Tolatilising  at  280°  C.  (58(»^ 
F.),  and  probably  consisting  of  dibenzyl,  C^H,^.  (3)  A  liquid  iaooienc 
with  the  last.  (4)  A  mixture,  distilling  above  3(K)^,  of  anthracene  with  an 
oily  liquid.  (6).  Chrysene  and  the  last  decomposition-products  of  benaene. 
The  formation  oif  benzene,  naphthalene,  anthracene,  and  dibenxyl  ia  repre- 
sented by  the  equations: 

20fHg  =  C|4H]^  -}-  H,;        2CfHg  =  O^fl^  -f-  8Hj. 
Toluene.  DibensyL  Toluene.  Anthracene. 

4CfHg      =      oCgHg      -j-       C|0Hg      -|-      oHj. 
Toluene.  Bensene.  Naphtha- 

lene. 

SuBSTiTUTiON-PSODUCTS  ov  ToLVEVs.  —  The  formula  of  tohiene,  CJI^* 
CH,,  indicates  the  existence  of  two  series  of  substitution-products,  aecord- 
ing  as  the  replacement  of  the  hydrogen  by  other  radicals  takes  place  in 
the  phenyl  atom  or  bensene  residue,  or  in  the  methyl  atom;  thus: 

O^H JCl .  OH3  is  isomeric  with  CfH. .  CH,C1 

Monochlorotoluene.  Bensyi  chloride. 

CgH.(OH) .  CH,  "  CeHg .  CH,(OH) 

CresoL  Bensyi  alcohoL 

C«IL(NHJ .  CH,  "  C-Hj .  CH,{NH,) 

Toloidine.  Bensylamine. 

These  isomeric  deriyatiyes  differ  considerably  from  one  another  in  their 
properties.  Those  on  the  left-hand  column,  formed  by  replacement  of 
hydrogen  in  the  bensene  residue,  are  comparatively  stable  and  indifferent 
compounds,  like  those  derived  in  like  manner  fVom  bensene  itself;  whereas 
those  on  the  right-hand  column,  formed  by  replacement  of  hydrogen  in 
the  methyl  atom,  are  more  active  bodies,  easily  exchanging  their  chlorine, 
hydroxyl,  &c.,  for  other  radicals  by  double  decomposition,  like  the  corre- 
sponding derivatives  of  the  paraffins  ^p.  552).  Thus  bensyi  alcohol  treated 
with  hydrochloric  acid  yields  benzyl  cnloride  (just  as  ordinary  ethyl  alcohol 
similarly  treated  yields  ethyl  chloride) ;  and  this  compound  heated  with 
ammonia  yields  benzylamine ;  the  chloride  is  also  easily  converted  into  the 
acetate,  cyanide,  &c.,  by  treatment  with  the  corresponding  potassium  salts. 
In  short,  these  last-mentioned  toluene  derivatives  exhibit  reactions  exactly 
like  those  of  the  corresponding  compounds  of  the  methyl  and  ethyl  series, 
and  may  in  like  manner  be  supposed  to  contain  an  alcohol-radical,  C,U^ 
called  htfayl^  or  tolyl^  e.^.,  bensyi  chloride  =  C^Hf.  CI;  bensyi  alcohol, 
C^H, .  OH ;  bensylaniine  =•  C^H^ .  NH^  &o. 

ciUorotoluenes. — The  action  of  chlorine  on  toluene  gives  rise  to  a  number 
of  substitution-products,  differing  in  constitution  according  as  the  reaction 
takes  place  at  high  or  at  low  temperatures.  Compounds  isomeric  with 
these  are  also  obtained  from  bensyi  alcohol.  Of  the  two  monochlorinated 
compounds  whose  existence  is  indicated  by  theory,  vis.,  monocblorotolueoe 
and  bensyi  chloride,  the  first  is  produced  at  low,  the  second  at  compsrt- 
tively  high  temperatures,  as  when  toluene  is  distilled  in  a  current  of  chlor- 
ine gas,  keeping  the  temperature  between  110^  and  140°  C.  (280°-284°  F.) 
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ChloTotoluene  boils  at  157*»-168®  C.  {814*>-316o  F.);   benxyl  chloride  at 
\t&*.     The  former  treated  with  itodium  yields  toluene. 
Of  the  dichlorinaied  deriyaliTes  of  toluene,  three  isomers  may  exist,  tIx.: 

q,H,Cl, .  CH,  CeH,Cl .  C,HC1  C,H5 .  CHCl, 

Dichloro-  Chlorobenzyl     *  Chlorobenxol 

toluene.  chloride.  (so  called). 

The  first  does  not  appear  to  haye  been  obtained,  at  least  in  the  pure  state. 
The  second  is  formed  by  the  action  of  chlorine  on  benzyl  chloride,  or  on 
monochlorotoluene ;  it  is  a  liquid  boiling  somewhat  below  200°  C.  (392°  F.). 
When  treated  with  alcoholic  potash,  it  easily  gives  up  half  its  chlorine  (that 
eontained  in  the  methyl  atom,)  but  the  other  half  is  more  obstinately  re- 
tained. Chlorobenzol,  or  dtcfUoromethyl-bemene,  is  produced  by  the  action 
of  phosphorus  pentachloride  on  benzoic  aldehyde  or  bitter  almond  oil 
^G,HeO).  It  is  a  colorless  strongly  refracting  oil,  which  boils  at  206°  C. 
^4U3°  F.),  and  when  heated  to  120°-130°  C.  (248°-266°  F.)  with  water  or 
aqueous  potash,  easily  gives  up  the  whole  of  its  chlorine  in  exchange  for 
oxygen,  reproducing  benioio  aldehyde : 

CgHj.CHCL    +    OH,    =    2ECi    +    CgHj.COH 
Chlorobenzol.  Benzoic 

aldehyde. 

The  more  highly  chlorinated  toluenes,  CtHsCI,  and  C^H^Cl^,  admit  of  a 
itin  greater  number  of  isomeric  modifications ;  but  we  cannot  here  describe 
them  in  detail. 

The  l»romotoluene9  are  analogous  in  composition  and  mode  of  formation  to 
the  chlorotoluenes,  and  exhibit  corresponding  isomeric  modifications. 

Xitrololuenea. — Mononitrotoluene^  CfHf(NOg),  is  formed  by  treating  toluene 
in  the  cold  with  fuming  nitric  acid,  and  separates  on  addition  of  water  as  a 
red  liquid;  but  on  redistilling  this  liquid,  collecting  the  portion  which 
passes  over  below  240°  C.  (464°  F.),  and  dissolving  it  in  alcohol,  it  is  ob- 
tained in  whiU  shining  crystals,  which  melt  at  54°  C.  (129°  F.),  and  distil 
without  decomposition  at  238°  C.  (460°  F.).  By  the  action  of  ammonium 
sulphide  it  is  converted  into  amidotoluene^  or  toluidine,  CfHf(NH,).  Dinitro' 
tolume,  CyHg(NO,)y  and  Trinitrotoluene^  C^H,(NO,),,  are  crystalline'  bodies 
obtained  by  treating  toluene  with  hot  fuming  nitric  acid.  The  former  is 
converted  by  ammonium  sulphide  into  nitrotoluidine,  CfIIg(NO,)(NH,). 

Xylene,  C,H,o,  or  Dlmethyl-beniene,  CeH^fCH,)^  or  Xetfayltolnene,  C^H, 
(CB,).  This  body  is  produced  synthetically  by  the  action  of  sodium  on  a 
mlxtare  of  bromotoluene  and  methyl  iodide : 

C^H^Br .  CH,  -f-  CHjt  -f  Na,  =  NaBr  -f  Nal  +  C^r{^{CVi^\, 

It  is  contained  in  light  coal-naphtha,  and  may  be  prepared  by  subjecting 
the  least  volatile  portion  of  that  which  has  been  distilled  off  in  benzene 
manufactories  to  fractional  distillation,  to  separate  the  portion  which  boils 
at  about  141°  C.  (286°  F.);  this  portion  is  shaken  up  with  oil  of  vitriol 
containing  a  little  fuming  sulphuric  acid,  which  dissolves  the  xylene  as 
zylene-sulphuric  acid,  C8H.jjS0j ;  this  compound  is  decomposed  by  dry  dis- 
tillation ;  and  the  xylene  wnich  passes  over  is  purified  by  washing,  drying, 
sod  distillation. 

Xylene  is  a  colorless  liquid  of  specific  gravity  0-86  at  19°  C.  (66°  F.), 
and  boiling  at  189°  C.  (282°  F.).  When  passed  in  the  state  of  vapor 
through  a  red-hot  tube,  it  is  resolved  into  a  mixture  of  several  hydrocar- 
bons, among  which  are  benzene,  toluene,  styrolene,  CgH,|,  naphthalene, 
anthracene,  and  its  higher  hnmolof^ues.  The  formation  of  some  of  these 
products  is  represented  by  the  following  equations: 
42  ♦ 
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Xylene. 

H. 

Styrolene. 

8CgH|Q        —        3H| 
Xylene. 

^ 

2CfHg        -\-        ^1^8 
Toluene.             Styrolene. 

Toluene. 

8H, 

Anthracene. 

Xylene  oxidised  with  a  miztnre  of  mlphurie  acid  and  potauium  ekfomaU 
is  conyerted  into  terephthalic  acid,  CJAfi^\  dilute  nitric  aetd  conTerts  it 
into  the  intermediate  product,  toluic  acid,  OgH^O, : 

CgH^        +        0,        =        OH,        +        CgHgQ, 
CgHjo        +        O.        =      20H,        -f        CgH,0^ 

Chlorine  and  hromine  act  upon  xylene  in  the  same  manner  as  upon  tolnenCy 
forming  substitution  derivatiyes,  which  are  susceptible  of  a  larger  number 
of  isomeric  modifications  than  those  of  toluene,  inasmuch  as  xylene  eon- 
tains  two  atoms  of  methyl,  whereas  toluene  contains  only  one;  butthej 
have  not  been  yery  minutely  examined. 

There  are  three  nUrozylmet^  containing  respectiyely  CgH^(NO,),  CgHg 
(N0,)„  and  C8H,(N0,)g-  The  first  and  second  are  produced  by  the  action 
of  cold  fuming  nitric  acid  upon  xylene.  Mononitrozylene  is  a  heayy  oil,  con- 
yerted  by  reducing  agents  into  xylidine,  CgH^^NH,) ;  dinitroxyUru  is  a  solid, 
which  separates  from  dilute  alcohol  in  shining  crystals,  melting  at  9^. 
TrinitrozyUne,  formed  by  treating  xylene  with  a  mixture  of  nitric  and  sul- 
phuric acids,  is  a  crystalline  body,  conyerted  by  reducing  agents  into  dini- 
troxylidine,  CgH(N0,),(NH,). 

Ethyl-beniene,  CeH5(C,H5),  isomeric  with  xylene,  is  produced  by  the 
action  of  sodium  on  a  mixture  of  monobromo-benxene  and  ethyl  bromide. 
It  is  a  colorless,  mobile  liquid,  very  much  like  toluene,  and  boiling  at  18S» 
C.  (271°  F.).  By  oxidation  with  potassium  chromate  and  sulphuric  acid  it 
yields  benzoic  acid.  It  is  slowly  attacked  by  bromine,  forming  monohrtmr 
elhylhmzene,  CglLBrrC.Hj).  which  is  a  Uquid  boiling  at  200«  C.  (892»  F.); 
whereas  monobronm-xylene  boils  at  about  208«  C  (897*>  F.).  Heated  with 
bromine  to  100**,  it  yields  more  highly  brominated  compounds,  which  are 
also  liquid.  There  are  three  nitro-ethyl  benzenes,  which  are  all  liquid  at 
ordinary  temperatures. 

Isomerio  Hydrocarbons,  C,H,y  —  This  formula  includes  the  three  follow- 
ing isomeric  bodies : 

CeHg(CHg),  CgH,(CAg)(C,H4)  CeH.(C,H,) 

Trimethyl-benzene.        Methyl-ethyl-benzene.       Propyl-beniene. 

The  first  two  have  been  prepared  synthetically. 

Trimethtl-benmnb,  C,H,(CH,),,  also  called  Coal-tar  Cumme,  and  Pttudo- 
eumene.  ^This  hydrocarbon  is  produced  by  the  acUon  of  sodium  on  a  mix- 
ture of  monobromoxylene  and  methyl-iodide : 

CgH,Br(CHg),  4-  CHgl  +  Na,  =  NaBr  +  Nal  +  CgHg(CH,V 

From  coal-tar  oil  it  is  obtained  by  heating  the  portion  which  passes  oyer 
in  fractional  distillation  near  Us  boiling-point,  with  strong  sulphuric  acid, 
decomposing  the  resulting  cumene-sulphuric  acid  by  di«ti"»tion.  and  sub- 
ioctingthe  product  to  fractional  distillation.  I^^^o^^^  *  J^^:  ^^]\.li 
The  same  hydrocarbon  exists  in  Burmese  naphtha.  With  Jrommif  it  yields 
monobromotrimcthylbenzene,  C,H„Br,  which  crystAllizes  from  alcohol  m 
large  white  lamin»,  melting  at  h^  C.  (163«  F.J,     The  dibrominat^d  com- 
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pound  appears  to  be  liquid.    No  niiro-derivatiyes  of  pBendo-oumene  have 
yet  been  obtained. 

MBTHTL-aTHTi.-BaNZBNB,  or  Ethtl-tolubitb,  CgH4(CH3)(C,Hf),  is  pre- 
pared by  the  action  of  sodium  on  a  mixture  of  monobromotoluene  and  ethyl 
bromide.  It  boils  at  159°  C.  (318°  F.),  and  when  oxidized  with  potassium 
ehromate  and  sulphuric  acid,  yields  terephthalic  acid. 

PaopTL-BBNKBNB,  or  CuMBHB,  C^IL^{C^Hy). — Thls  hydrocarbon  is  related 
to  euminic  acid,  OigH^O,,  in  the  same  manner  as  benzene  to  benzoic  acid, 
tnd  is  produced  by  distUling  euminic  acid  with  excess  of  baryta : 

It  is  also  produced  from  phorone  (CigHj^O)  by  the  dehydrating  action  of 
phosphoric  oxide: 

CiqHi^O    -^    OHj    =     ^g'^ir 

Cnmene  boils  at  152°-153°  C.  (805°-7°  F.).  By  treatment  with  potassium 
ehromate  and  sulphuric  acid,  or  by  prolonged  boiling  with  dilute  nitric  acid, 
it  yields  benzoic  acid.  When  boiled  with  strong  nitric  acid,  it  is  converted  into 
nitro-benzoic  acid.  With  chlorine  it  yields,  according  to  Fittig,*  a  viscid,  non- 
distillable  oil,  probably  consisting  of  C^Hi^Cl^.  Cumene  dissolves  m  fuming 
nitric  acid,  and  water  added  to  the  solution  throws  down  nitrocumene, 
C^H^i(NO,),  as  a  yellow  oil,  which  by  reduction  yields  amidocumene  or 
cumidine,  C,H„(NH,). 

MssiTTLBNB. — This  compound,  likewise  isomeric  with  cumene,  is  pro- 
duced in  small  quantity  by  distilling  acetone  made  up  into  a  paste  with 
und,  with  strong  sulphuric  acid,  and  is  purified  by  repeated  fractional 
distillation,  finally  over  sodium.  It  is  a  liquid  which  boils  at  163°  C.  (825°  F.  j|, 
and  when  oxidized  with  potassium  ehromate  and  sulphuric  acid  yields  acetic 
aeid,  bat  no  benzoic  acid.  Hence  it  appears  to  have  a  constitution  totally 
different  from  that  of  the  aromatic  hydrocarbons.  Treated  with  cold  fum- 
ing nitric  acid,  not  in  excess,  it  yields  liquid  nitromesitylone,  C0lI,|(NO2); 
when  dropped  into  cooled  fuming  nitric  acid  it  forms  crystallizabie  dini- 
tromesitylene,  OgH,Q(N02),;  and  when  treated  in  like  manner  with  a  mix- 
ture of  oil  of  vitriol  and  fuming  nitric  acid,  it  is  converted  into  trinitro- 
mesitylene,  C,Hg(NO,),.  These  three  nitro-compounds,  subjected  to  the 
action  of  reducing  agents,  yield  the  three  amido-compounds,  amido-mesi- 
iylenc,  or  mesidine,  C,H„(NH,),  nitromesidine,  CaH,o(NO,)(NH,),  and  dini- 
tromesidine,  C,H,(NO,),(NH,). 

Isomerie  Hydrocarbons,  CioH,^. — Theory  indicates  the  existence  of  five 
bodies  of  this  group,  viz.,  tetrametbyl-benzene,  dimethyl-ethyl-benzene, 
dietbyl-benzene,  methyl-propyl-benzene,  and  quartyl-benzene.  Of  these 
the  second  only  has  been  prepared  synthetically.  Tetramethyl-benzeno 
probably  occurs  amongst  the  products  of  the  destructive  distillation  of 
coal;  but  it  has  not  been  isolated.  Cymene,  a  hydrocarbon  existing  in 
various  essential  oils,  is  probably  methyl-propyl-benzene. 

DixETHTL-BTRTL-BBNZBNB,  or  Ethtl-xtlbnb,  CeHj(CH3),(C,H5),  is  pre- 
pared by  treating  a  mixture  of  monobromoxylene  and  ethyl-bromide  with 
sodium.  It  boils  at  183°-184°  C.  (861°-368°  F.).  With  bromine  it  forms 
heaty  oily  compounds,  and  with  a  large  excess  of  bromine  a  crystalline 
compound.  By  prolonged  warming  with  a  mixture  of  fuming  nitric  and 
wilphuric  acids,  it  yields  a  crystalline  trinitro-dorivative,  melting  at  119° 
C.(246°F.).  »  8 

CniEifB. — This  name  is  applied  to  two  isomeric  hydrocarbons,  C,^H,^, 
Agreeing  in  composition,  but  differing  in  some  of  their  physical  and  chem- 
ical properties. 

♦  Ann.  Ch.  Pharm.  cxll.  .^14. 
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«.  Cymeru, — ^This  hydrocarbon  exists,  together  with  cnminie  aldehyde,  in 
the  essential  oil  of  Roman  cumin  (Cumtnum  cymmum)^  and  may  be  obtained 
by  distilling  that  oil  with  alcoholic  solution  of  potash,  the  cuminic  aldehjrde 
being  converted  into  cymene,  and  the  cymene  which  exists  ready-formed  in 
the  oil  passing  over  at  the  same  time : 

8C„,H,,0      +      K,0      =      2C«H„K0,      +      CJBiy, 
Cumiuio  Potassium  Potassium  Cymene. 

aldehyde.  oxide.  cuminate. 

«  cymene  is  a  colorless,  strongly  refracting  oil,  of  sp.  gr.  0-86  at  W  C. 
(57*>  F. ),  boiling  at  1750-178*»  C.  (347*>-852«  F. ).  By  prolonged  boiling  with 
dilute  nitric  acid  it  is  converted  into  toluic  acid,  CTil7(C0,H) ;  with  stronger 
nitric  acid  it  yields  nitrotoluic  acid ;  and  by  boiling  with  potassium  chro- 
mate  and  sulphuric  acid,  it  forms  terephthalic  acid,  C3H,g04^=C;,H4(C0j)H^ 
According  to  Sieveking,  it  unites  with  chlorine  and  bromine,  forming  the 
liquid  compounds  G^VLyfiX^  and  CioHi^Br,;  according  to  Fittig  and  Ferbcr, 
it  forms  only  substitution-products.  —  Cold  fuming  nitric  acid  conTertsit 
into  liquid  nitrocymene,  C|0H,|(NO2),  which  is  converted  by  reducing  agents 
into  cymidine,  C,0Hi,(NH,).  By  prolonged  heating  with  a  mixture  of  nitric 
and  sulphuric  acids,  it  is  converted  into  dinitrocymene,  C|QH,,(N02)r  which 
crystallizes  from  alcohol  in  long  needles  or  laminse,  melting  at  69*5*^  C. 
(167®  F.);  by  still  further  treatment  (for  several  days)  with  the  mixed 
acids,  it  appears  to  yield  crystalline  trinitrocymene,  melting  at  107®  C. 

fi,  Cymene  is  obtained  by  heating  camphor  in  a  retort  with  sine  chloride: 

C  10^16    —    OH,    =    C,oH,4 
Camphor.  Cymene. 

The  product  is  purified  from  lighter  hydrocarbons  by  fractional  distiUation. 
0  cymene  boils  at  177®-179®  C.  (351®-360®  F. ).  It  does  not  yield  tereph- 
thalic acid  by  oxidation.  With  bromine  it  easily  forms  the  crystalline  com- 
pound C|QH|,Br,.  Nitric  acid  acts  upon  it  in  the  same  manner  as  on 
a  cymene ;  but  /tf  dinitrocymene  crystallizes  in  thin  plates  melting  at  90^. 
and  is  easily  converted  into  $  trinitrocymene,  which  crystallizes  from 
alcohol  in  short  thin  prisms  melting  at  112*5®  C.  (234®  F.). 

Amyl-benienOf  C,|H,5=0eng(C5H,,). — This,  which  is  the  only  known 
aromatic  hydrocarbon  containing  ll  carbon  atoms,  is  produced  by  the 
action  of  sodium  on  a  mixture  of  broraobenzene  and  arayl  bromide  diluted 
with  benzene.*  It  has  a  specific  gravity  of  0-86  at  12®  C.  (64®  F.),  and  hoik 
at  105®  C.  (888®  F.).  With  chlorine  it  yields  viscid  products ;  with  nitric 
acid  in  the  cold  a  liquid,  non-distiUable  mononitro-derivate ;  at  higher 
temperatures,  dinitro-amyl-benzene. 


Sixth  Sebiss,  C.  H^. 


The  only  known  hydrocarbons  of  this  series  are  phenylme,  CgH^,  and 
einnamene,  or  ttyroUne^  CgHg,  with  its  isomer,  metacinnamene. 

Of  phmyUne  very  little  is  known.  A  liquid  having  the  composition 
CgH^,  and  boiling  at  91®  C.  (196®  F.),  was  found  by  Church  f  among  the 
products  of  the  decomposition  of  monochloro-benzene  by  sodium  amalgam. 
It  is  probably  also  formed,  together  with  benzene,  when  diphenyl,  Ci^Hj^ 

•  FiUig  Rn»l  7V»//<wjr,  Ann.  Hi.  Phnrni.  rxxxl.  313. 
t  Journal  of  the  Chemicttl  Society,  xri.  70. 


CINKAMENB.  601 

is  passed  through  a  red-hot  tube,  bat  is  subsequently  oonyerted  into  the 
poljmeric  body,  ehrysene:* 

DiphenyL     Benzene.     Pbenylene.      Phenylene.    Chrysene. 

danamene,  or  Styrolene,  CgHg,  is  produced — 1.  Synthetioally :  a.  By 
pftssing  a  mixture  of  benxene-Tapor  and  ethine,  or  ethene,  through  a  red- 
hot  tube : 

Benzene.      Ethine.        Cinna-       Benzene.      Ethene.       Cinna- 

mene.  mene. 

The  second  method  yields  it  in  larger  quantity  than  the  first. 
fi.  In  like  manner,  together  with  benzene,  from  diphenyl  and  ethene : 

^U^IO      +      ^1^4      =      ^8^8      +      CgH,. 

2.  In  the  decomposition  of  xylene  which  takes  place  when  the  yapor  of 
th&t  compound  is  passed  through  a  red-hot  tube :  CgUjo  =■  CgHg  -f-  H, 
(p.  497). 

3.  By  distilling  cinnamic  acid  with  baryta,  which  removes  carbon  dioxide : 

CgHgO,    =    CO,    +    CgHg. 

4.  Cinnamene  is  contained  in  liquid  storax,  and  may  be  separated  by  dis- 
tilling the  balsam  with  water  containing  a  little  sodium  carbonate,  to  retain 
cinnamic  acid. 

Cinnamene  is  a  yery  mobile,  colorless  oil  of  specific  gravity  0'924.  It 
boils  at  145<»  C.  (293®  F.),  and  does  not  solidify  at  -20°  C.  (68°  F.).  When 
heated  to  200°  0.  (892°  F.)  in  a  sealed  tube,  it  is  converted  into  a  white, 
transparent,  highly  refractive,  solid  substance,  called  melacinnamene  or 
mtastyrolene.  This  substance,  when  heated  in  a  small  retort,  yields  a  dis- 
tillate of  pure  liquid  cinnamene.  f 

A  mixture  of  cinnamene  vapor  and  ethene  passed  through  a  red-hot 
tube  yields  large  quantities  of  benzene  and  naphthalene.  The  first  is  pro- 
duced from  the  cinnamene  by  abstraction  of  CgH, ;  the  second  according 
to  the  equation : 

CgHg        -\-        C,H4        =        C|oHg        +        2Hj. 

A  mixture  of  cinnamene  and  benzene  vapors,  passed  through  a  red-hot 
porcelain  tube,  yields  anthracene,  C^Hjo*  together  with  small  quantities  of 
other  products: 

CgHg        +        CgHg        =        C^Hjo        -f        2Hr 

Cinnamene  acts  with  chlorine  and  bromine  like  a  bivalent  radical,  form- 
ing the  compounds  CgHgCl.  and  CgHgBr,,  which,  when  treated  with  alcoholic 
potash,  give  up  HCl  and  HBr  (like  the  corresponding  eihene-compoundB), 
leaving  chloro-cinnamene,  CgH-Cl,  and  bromo-cinnamene.  CgB,Br.  Accord- 
ing to  Laurent,  cinnamene  yields  with  chlorine  a  bexchloride  of  dichloro- 
ci&nameno,  CgHgCl,. CIg;  if  this  be  correct,  cinnamene  must  be  regarded 
as  a  sexvalent  radical. — Metacinnamene  is  also  acted  upon  by  bromine, 
but  with  considerable  difficulty.  —  Both  cinnamene  and  metacinnamene 

•  Berthdnt^  Jahresbericbt  fttr  Chemie,  1866,  p.  644. 
.  *  "  ^M  formerly  tnpposod  that  cinnamene  prepared  from  cinnamic  acid  was  not  conTertcd 
|>y  neat  into  a  Rolid  modiflcation,  lilce  styrolene  from  Rtorax :  hence  the  two  were  regarded  as 
^ywic,  not  identical ;  bat  later  reflcarchce  hare  nhown  that  pure  cinnamene  from  clnnamlo 
Kid  ii  likewiM  convertible  into  aoUd  metacinnamene. 
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treated  with  fuming  nitric  acid  yield  mononitrated  deriTatiyes,  CgHf(]f02): 
that  obtained  from  cinnamene  is  crystalline;  that  from  metaeinnameae 
amorphous. 


Seventh  Sehies,  C,H,^,0. 

The  only  known  hydrocarbon  belonging  to  this  series  is  one  eontaining 
^sB^4s«  ^hioh  is  formed  by  dehydration  of  cholesterin,  C^Hf^O  (a  crystal- 
line compound  contained  in  bile  and  biliary  calculi).  It  has  been  bat  litUe 
examined. 

Another  member  of  the  same  series,  C^^^  might  perhaps  be  formed  hj 
heating  bromocinnamene  with  sodium  ethylate  (CgHfBr4-C.H«NaO=2!ia& 
+OH,+C„H„.) 


Eighth  Series,  C.H^_|,. 

Of  this  series,  also,  only  one  member  is  known  with  oert^unty,  namelj, 
naphthalene,  C,oH,,  produced  in  the  distillation  of  coaL  According  to 
Chancel,  two  hydrocarbons,  isomeric  or  polymeric  with  this  body*  are 
formed  in  the  dry  distillation*  of  calcium  benzoate ;  but  they  haye  not  been 
much  studied. 

Vaphthalene,  C,oHg. — This  hydrocarbon  is  produced,  as  already  ob- 
serred,  in  the  decomposition  of  toluene,  xylene,  and  cumene  at  a  red  heat; 
also  by  passing  yapor  of  benzene,  cinnamene,  chrysene,  or  anthracene 
through  a  red-hot  tube.  It  is  formed  in  large  quantities  as  a  by-product 
in  the  preparation  of  coal-gas,  its  production  doubtless  arising  from  reac- 
tions similar  to  those  just  mentioned.  When  the  last  portion  of  the  Tolatile 
oily  product  which  passes  over  in  the  distillation  of  coal-tar,  is  collected 
apart  and  left  to  stand,  a  quantity  of  solid  crystalline  matter  separates, 
which  is  principally  naphthalene.  An  additional  quantity  may  be  obtained 
by  pushing  the  distillation  until  the  contents  of  the  vessel  begin  to  char; 
the  naphthalene  then  condenses  in  the  solid  state,  but  dark-colored  and 
very  impure.  By  simple  sublimation,  once  or  twice  repeated,  it  is  obtained 
perfectly  white.  In  this  state  naphthalene  forms  large,  colorless,  trans- 
parent, brilliant,  crystalline  plates,  exhaling  a  faint  and  peculiar  odor, 
which  has  been  compared  to  that  of  the  narcissus.  Naphthalene  melts  at 
80°  C.  (176°  F.)  to  a  clear,  colorless  liquid,  which  orystAllites  on  cooling: 
it  boils  at  212°  C.  (414°  F.),  and  evolves  a  vapor  whose  density  is  4-628. 
When  strongly  heated  in  the  air,  it  inflames  and  bums  with  a  red  and  very 
smoky  light.  It  is  insoluble  in  cold  wat«r,  but  soluble  to  a  alight  degree 
at  the  boiling  temperature;  alcohol  and  ether  dissolve  it  easily;  a  hot 
saturated  alcoholic  solution  deposits  fine  iridescent  crystals  on  cooling. 

Naphthalene  dissolves  in  warm  strong  tulphune  add,  forming  two  crys- 
talline acids:  sulphonaphthalic  acid,  C^U^^  and  disulphonaphthalic 
acid,  CiQHgSjOg,  both  of  which  form  soluble  barium  salts. 

Naphthalene  unites  directly  with  4  atoms  of  bromine  and  ehlornu,  forming 
the  compounds  C,oHgCl4  and  C,oHgBr4.  It  also  forms  a  great  number  of 
substitution-products  with  these  elements,  bromine  being  capable  of  replac- 
ing from  1  to  4,  and  chlorine  from  1  to  8  atoms  of  hydrogen  in  naphthalene; 
there  are  also  several  derivatives  containing  both  bromine  and  chlorine, 
e.ff.,  Cj^jHjBrjClj.  Many  of  these  substitution-derivatives  are  susceptible 
of  isomeric  modifications  difiering  from  one  another  in  their  physical  pro- 
perties. The  cbloro-  and  bromo-naphthalenes  are  capable,  like  naphtha- 
lene itself,  of  uniting  with  4  atoms  of  bromine  or  chlorine,  and  with  2 
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n   «'^/t?J?'l?  ^I^^Jt^"?'  naphthalene  yields  the  three  aubstitution-products, 
Cf  Ht(NOA  C»Ha(NO,)^  and  C«,H,(NO,)„  all  of  which  are  white  cry«tallin; 
v!l  V  J*.*     "^  "  converted  by  reducing  agents  into  amidonaphthalene, 
naphthahdine,  or  naphthylamine,  C„H,(NH,). 


NniTH  SsBiss,  C,H,^,^. 

Two  memberB  of  thia  Beries  are  known  viz.,  ^phenyl,  C„H^  and  dibm^ 
fV^  J-mHm  ;  tbey  are  so  called  because  their  molecules  are  the  doubles  of 
the  hypotheUcal  monatomic  radicals,  phenyl,  CeH,,  and  benzyl,  C^H^. 

Wpbenyl  C„H,o,  is  produced:  (1)  as  already  observed,  by  passinir  ben- 
zene rapor  through  a  red-hot  tube :  2C,H,=C,;H^4-Hr  2)  By  the  action 
of  sodium  on  phenyl  bromide  or  monobromobeniene:  '    ^  ^  ^  "'*'  *''^''*'' 

2CgH5Bp    +    Na,    =    2NaBr    +     C^H^,. 

iLWdrazri^iLtrt*^"'"''^  '^ ""' ''''"''  ''"'^"^  ^^**^'  ^^^ 

2GeH,N,      +      C,H,0      =.      C,,H„      +      «W0      4-      2N 
Diazobenzene.         Alcohol.  DipLenyL         Aldlhjdc.  ' 

^n^SSf'^^lP^*"  *^*^  *^.^®  ^°®  ^'^  ^**«  constituents  of  crude  anthracene 

V^}\^  rr'  '^"        '*"'  <i"^iU»tion  of  that  substance,  atTout 

IHphenyl  crystallizes  ft-om  alcohol  in  iridescent  nacreous  scales  which 

Ttl*  t'^'cT46VFT  n  rK\'^«'.^'  tempratreTndttl 

r  unl        aI ^  *      .    )•  .^^ ?®  converted  by  bromine  into  dibromodiphenvl 
J^ftHgUfy  and  by  fuming  nitric  acid  into  dinitro-diphenvl  C   U  rNO  \      Tv.i 

^Z  "rTTu^?  ^^  *^^^'T^  «"^P»^^^«  '^'^  dLSlditfeCt  ben- 
^i  viSff.  fL^"?^*' f  crystalline  base,  which,  when  treated  wfth  nitrous 
•cid,  yields  the  nitrate  of  tetrazodiphenyl  or  diazobenzidine :       , 

Diamido-  Nitrous  Tetrozo- 

diphenyl.  acid.  diphenyl. 

«yW^?l^;om'ld^^^^  C,H,Cl,  or  ben- 

»nd  dirtiU  without  decomposUion  at  284°  C  Vm8o  F  ^      Wh.l  .,  ^ .  5  ^.l: 
brom.„.  and  water,  it  yiefd.  th«  .ubstUution-Vroduci t  crH  B^'c  H  Br 

crystalhzes  in  needles   and  ia  aa«„^w«^  u      "^V'^**  ^m^ixCNOj)      winch 
.ponding  amidnompo^J  cX™^*"^  "'*"'""«  '«"""'  »"'«  ^"^o  """e- 

?  5!?  ^»*'"'»  Wctionary  of  Chemlstrv  vol  iv  n  a 
t  Qrie«H  PhU.  Traiui.  1^4,  part  iH.T&S^^'  *^-  *^-  ®' 
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HYDROGABBONS. 


TsNTH  Sebiss,  C.H 

Of  this  series  only  one  member  has  hitherto  been  obtained,  vii.,  tttRtm^ 
C.^H,^  which  is  formed,  together  with  other  products,  by  heating  beaijl- 
idene  sulphide : 


Benxylid 


S        = 


lene 
sulphide. 


2C|^H|| 
Stilbene. 


Thionessal. 


+      2C8,     +     8SH, 


It  crystallizes  in  colorless  plates  having  a  mother-of-pearl  lustre,  melU 
aboTe  100*',  and  boils  at  292^  C.  (658<'  F.).  It  forms  substituUon-prodactB 
with  chlorine,  bromine,  and  nitric  acid,  and  unites  directly  with  eUoriof, 
forming  the  compound  Cifiifilr 


Elsybnth  Sbribs,  G.H^_,g. 

Anthraeenet  or  Paraaaphthalene,  Ci^Hi^,  is  produced:  (1)  By  pasaisf  i 
mixture  of  benzene  with  ethene  gas  or  cinnamene  yapor,  or  of  diphenjl  or 
chrysene  Taper  with  ethene  gas,  through  a  red-hot  porcelain  tube ;  also  bj 
exposing  a  mixture  of  benzene  and  naphthalene  vapor  to  a  white  heat: 


2CeH^ 

+      C,H,      =      8H, 

+      Ci^HiQ 

Benzeno. 

Ethene. 

Anthracene. 

C.H. 
Benzene. 

+      C,He      -      2H, 
Cinnamene. 

Anthracene. 

Dipnenyl. 

+      C,H«      =       H, 
Ethene. 

+        ^14^11 

Anthracene. 

Chrysene. 

Ethene.        Benzene 

Anthracene. 

CjoHg 
Naphthalene. 

+      8C,Hg    =      8H, 
Benzene. 

+     2CmH,o 
Anthracene. 

Also  when  toluene,  xylene,  or  cumene  is  passed  through  a  red-hot  tube 
(pp.  496,  497). 

Anthracene  is  produced  in  the  dry  distillation  of  coal,  bituminous  shzle, 
and  wood,  and  is  contained  in  the  last  heavy  and  semifluid  portions  of  tLe 
tar,  at  tirst  together  with  naphthalene,  finally  with  chrysene.  A  com- 
mercial product  of  this  kind,  used  as  a  lubricator  for  machinery,  is  jellow. 
soft,  somewhat  like  palm-oil,  and  contains  anthracene,  together  with  s«?enl 
of  its  homologues  and  other  hydrocarbons.  To  obtain  pure  anthracene, 
the  crude  commercial  product  is  distilled  from  an  iron  retort,  the  first  and 
last  portions  of  the  distillate  being  rejected,  and  the  intermediate  portion 
crystallized  either  from  alcohol  or  from  coal-oils  boiling  between  100°  and 
120°  C.  (2120-248«»  F.). 

Anthracene  forms  small  colorless  micaceous  laminae,  of  sp.  gr.  I'HT, 
melting  at  about  213"  C.  (415'>  F.),  subliming  slowly  at  100«.  more  quicklr 
at  a  stronger  heat,  and  boiling  between  220®  and  280«  C.  (428*'-446*>  F.).  It 
is  insoluble  in  water,  but  dissolves  easily  in  boiling  alcohol,  more  abundant!/ 
in  ether,  benzene,  and  volatile  oils,  especially  oil  of  turpentine.  It  forms 
substitution-products  with  bromine  and  chlorine.  Dibromanthracene  nnitea 
with  bromine,  forming  the  compound  C^HgBr, .  Br^  and  chloranthraeene 

rms  a  hydrochloride  containing  Ci^H^Cl .  HCl. 
Vnthracene,  boiled  ^itl^  fifVftc  ociitot  some  days,  is  converM  ia^o  <'*'•* 


PYRKNE,  CHRTSSKB,  BTC.  605 

tkracene^  Q^flfi^,  or  Cj^HgO .  O,  and  if  fuming  nitric  acid  be  added  from 
time  to  time,  dmitroxanthracene,  C jJi ^{^02)  fi^,  is  obtained. 

Pyreney  a  hydrocarbon  obtained  by  Laurent,  together  with  chrysene,  from 
the  leaat  volatile  portion  of  coal-tar,  appears  to  be  identical  with  anthra- 
cene. 

Crude  SDthraoene  contains  also  several  hydrocarbons  homologous  with 
anthracene,  and  less  volatile  than  anthracene  itself;  among  others,  methyl- 
atukraeene,  C^Hi^  or  C,4H9(CHg),  which  is  identical  with  the  paranaph- 
tbalene  of  Dumas,  and  telramethyl-anthracene,  or  retenty  C,|H,g.  or  C^fi^  (CHj)^. 

Reiene,  which  is  polymeric  with  benzene,  likewise  occurs  in  thin  unctuous 
seale»  on  fossil  pine-stems  in  beds  of  peat  and  lignite  in  Denmark  and  other 
localities.  It  is  produced  also  in  the  dry  distillation  of  very  resinous  fir 
and  pine-wood,  passing  over  together  with  the  heavy  tar-oil,  and  separating 
in  scales  like  paraflfin.  It  is  soluble  in  warm  alcohol  and  ether,  and  dis- 
solves easily  in  oils  both  fixed  and  volatile ;  sulphuric  acid  converts  it  into 
disu^karetic  acid,  C^^j^fi^' 


Twelfth  Sesies,  C.Hft_j4. 

Ohrytene,  CigHi,,  is  produced,  together  with  benzene,  by  heating  diphenyl 
for  an  hour  in  a  sealed  tube  filled  with  hydrogen,  the  diphenyl  being  prob- 
ably resolved  in  the  first  instance  into  benzene  and  phenylene,  which  latter 
is  then  polymerized  into  chrysene : 

^12^10      =      ^«^6       +       ^«^4»    ^^^  3CgH^      =.      C|gH|,. 

Diphenyl.     Benzene.      Phenyl-        Phenyl-       Chrysene. 

ene.  ene. 

Chrysene  is  also  found,  together  with  benserythrene  {p.  498),  in  the 
last  product  obtained  by  the  distillation  o'f  crude  anthracene,  and  in  the 
residue  left  in  the  retort;  in  larger  quantity  also  in  the  last  products  of 
the  distillation  of  pitch.  Laurent  likewise  obtained  it  together  with  pyrene 
(anthracene)  by  the  dry  distillation  of  fats  and  resins.  Pure  chrysene  has 
a  fine  yellow  color.  It  is  insoluble  in  alcohol,  nearly  insoluble  in  ether, 
and  is  deposited  from  boiling  oil  of  turpentine  in  yellow  crystalline  flakes. 


APPENDIX  TO  HYDROCARBONS. 
Petroleum^  Naphthay  and  other  allied  Substances. 

PU-eoiU,  Hgnite  or  brown  eoal,  jety  bitumen  of  various  kinds,  petroleum  or 
roek'oily  and  naphtha,  and  a  few  other  allied  substances  more  rarely  met 
with,  are  looked  upon  as  products  of  the  decomposition  of  organic  matter, 
e9]>eciaUy  vegetable  matter,  beneath  the  surface  of  the  earth,  in  situations 
where  the  conditions  of  contact  with  water,  and  nearly  total  exclusion  of 
atmospheric  air,  are  fulfilled.  Deposit<>d  at  the  bottom  of  seas,  lakes,  or 
rivers,  and  subsequently  covered  up  by  accumulations  of  clay  and  sand 
kereafler  destined  to  become  shale  and  gritstone,  the  organic  tissue  under- 
goes a  kind  of  fermentation  by  which  the  bodies  in  question,  or  certain  of 
them,  are  slowly  produced.  Carbon  dioxide  and  marsh-gas  are  bye-pro- 
ducts of  the  reaction;  hence  their  frequent  disengagement,  the  first  from 
beds  of  lignite,  and  the  second  from  the  further  advauced  and  more  per- 
fect coal. 

The  vegetable  origin  of  coal  has  beon  placed  beyond  doubt  by  micro- 
scopic research ;  vegetable  structure  can  be  thus  detected  even  in  the  most 
43 
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mMflWe  and  perfect  Tftrieties  of  coal  when  oat  into  thin  slices.  In  coal  of 
inferior  quality,  much  mixed  with  earthy  matter,  it  is  erident  to  the  eje. 
The  leaves  of  ferns,  reeds,  and  other  succulent  plants,  more  or  less  reeem- 
bling  those  of  the  tropics,  are  found  in  a  compressed  state  between  the 
layers  of  shale  or  slaty  clay,  preserved  in  the  most  beautiful  manoer,  boi 
entirely  converted  into  bituminous  coal.  The  coal-mines  of  Europe,  tod 
particularly  those  of  our  own  country,  furnish  an  almost  complete  fossil 
flora — a  history  of  many  of  the  now  lost  species  which  once  decorated  the 
surface  of  the  earth. 

In  the  lignites  the  woody  structure  is  much  more  obvious.  Beds  of  this 
material  are  found  in  very  many  of  the  newer  strata,  above  the  true  eoel 
to  which  they  are  consequently  posterior.  As  an  article  of  fueU  brovn 
coil  is  of  comparatively  small  value:  it  resembles  peat,  giving  but  little 
flame,  and  emitting  a  disagreeable  pungent  smell. 

Jet,  used  for  making  black  ornaments,  is  a  variety  of  lignite. 

The  true  bitumens  are  destitute  of  organic  structure:  they  appear  to 
have  arisen  from  coal  or  lignite  by  the  action  of  subterranean  heat;  anti 
very  closely  resemble  some  of  the  products  yielded  by  the  destructive  dis- 
tillation of  those  bodies.  They  are  very  numerous,  and  have  yet  been  but 
imperfectly  studied. 

1.  Mineral  pitch,  or  campaet  bitumen,  the  atphaltum  or  Jetp*s  piieh  of  some 
authors. — This  substance  occurs  ahundantly  in  many  parts  of  the  world— 
as  in  the  neighborhood  of  the  Dead  Sea  in  Judea;  in  Trinidad,  in  the 
famous  pitch  lake,  and  elsewhere.  It  generally  resembles  in  aspect  com- 
mon  pitch,  being  a  little  heavier  than  water,  easily  melted,  very  infl&m- 
mable,  and  burning  with  a  red,  smoky  flame.  It  consists  principally  of  a 
substance,  called  by  Bossingault  a*phallene,  composed  of  C^^HiJo,.  It  is 
worthy  of  remark,  that  Laurent  found  paranaphthalene  in  a  native  mineral 
pitch. 

2.  Mineral  tar  seems  to  be  essentially  a  solution  of  asphaltene  in  an  oily 
fluid  called  petrolene.  This  liquid  has  a  pale-yellow  color,  and  peculiar 
odor;  it  is  lighter  than  water,  and  very  combustible,  and  has  a  high  boil- 
ing-point. It  has  the  same  composition  as  the  oils  of  turpentine  and  letuon- 
peel — ^namely,  C^H^.  Asphaltene  contains,  consequently,  the  elements  of 
petrolene.  together  with  a  quantity  of  oxygen,  and  probably  arises  from 
the  oxidation  of  that  substance. 

8.  Elattic  bitumen ;  mineral  caoutchouc.  —  This  curious  substance  has  onlj 
been  found  in  three  places:  in  a  lead-mine  at  Castleton,  in  Derbyshire; 
at Montrelais,  in  France;  and  in  the  State  of  Massachusetts.  In  the  two 
latter  localities  it  occurs  in  the  coal  series.  It  is  fusible,  and  in  many  re- 
spects resembles  the  other  bitumens. 

Under  the  names  petroleum  or  rock-oil  and  naphtha  are  arranged  various 
mineral  oils  which  are  observed  in  many  places  to  issue  from  the  earth, 
often  in  considerable  abundance.  There  is  every  reason  to  suppose  that 
these  owe  their  origin  to  the  notion  of  internal  heat  upon  beds  of  coal,  as 
they  are  usually  found  in  connection  with  such.  The  term  naphtha  isgiTen 
to  the  thinner  and  purer  varieties  of  rock-oil.  which  are  sometimes  nearly 
colorless;  the  darker  and  more  viscid  liquids  bear  the  name  of  petrotnm. 

Some  of  the  most  noted  localities  of  these  substances  are  the  following : 
The  north-west  side  of  the  Caspian  Sea,  near  Baku,  where  beds  of  marl 
are  found  saturated  with  naphtha.  Wells  are  sunk  to  the  depth  of  abont  30 
feet,  in  which  naphtha  and  water  collect,  and  are  easily  separated.  In  some 
parts  of  this  district  so  much  combustible  gas  or  Vapor  rises  from  the 
ground,  that,  when  set  on  fire,  it  continues  burning,  and  even  affords  heat 
for  economical  purposes.  A  large  quantity  of  an  impure  variety  of  petro- 
leum comes  from  the  Birman  territory  in  the  East  Indies:  the  country  con- 
sists of  sandy  clay,  resting  on  a  series  of  alternate  strata  of  sandstone  and 
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?ih%le.  Beneath  these  occurs  a  bed  of  pale-blue  shale  loaded  with  petro- 
l»uin,  which  lies  immediately  on  coal.  A  petroleum-spring  exists  at  Cole- 
hrook  Dale,  in  Shropshire,  and  immense  quantities  come  now  from  Canada, 
PennsylTania,  and  other  parts  of  North  America.  The  sea  near  the  Cape 
de  Verd  Islands  has  been  seen  corered  with  a  film  of  rock-oil.  Fine  speci- 
mens of  naphtha  are  furnished  by  Italy,  where  it  occurs  in  seTeral  places. 

In  proof  of  the  origin  attributed  to  these  substances,  an  old  experiment 
of  Beichenbach  may  be  cited,  who,  by  distilling  with  water  about  100  lbs. 
of  pitH;oal,  obtained  nearly  2  ounces  of  an  oily  liquid,  exactly  resembling 
the  natural  naphtha  of  Amiano,  in  Italy.  The  manufacture  of  such  pro- 
dacts  (paraffin  oils)  by  distilling  Boghead  and  other  kinds  of  coal  at  a  low 
red  heat,  is  now  conducted  on  a  very  large  scale  (p.  476). 

The  Tariations  of  color  and  consistence  in  different  specimens  of  rock- 
oil  depend  in  great  measure  upon  the  presence  of  pitchy  and  fatty  sub- 
stances dissolved  in  the  more  fluid  oil. 

The  boiling  point  of  rock-oil  varies  from  about  80^  to  32G^.  A  thermom- 
eter inserted  into  a  retort  in  which  the  oil  is  undergoing  distillation,  never 
shows  for  any  length  of  time  a  constant  temperature :  hence  it  is  inferred 
to  be  a  mixture  of  several  different  substances.  Neither  do  the  different 
varieties  of  naphtha  give  similar  results  on  analysis :  they  are  all,  however, 
hydrocarbons,  chiefly  paraffins,  with  smaller  quantities  of  olefines  and  aro- 
matic hydrocarbons.  The  use  of  these  substances  in  the  places  where  they 
aboand  is  tolerably  extensive ;  they  often  serve  the  inhabitants  for  fuel, 
light,  &o.  To  the  chemist,  pure  naphtha  is  valuable,  as  offering  facilities 
for  the  preservation  of  the  more  oxidable  metals,  as  potassium  and  sodium. 

Among  the  several  naphthas,  the  Burmese  naphtha  (Rangoon  tar)  has  been 
more  particularly  examined  -by  De  la  Rue  and  Miiller.  It  consists  princi- 
pally of  liquid  homologues  of  marsh -gas,  including  solid  paraffin,  associ- 
ated with  small  quantities  of  hydrocarbons  of  the  benzene  series,  and  hy- 
drocarbons analogous  to  colophene.  American  petroleum,  which  has  a 
similar  composition,  but  contains  a  larger  proportion  of  the  homologues 
of  marsh-gas,  has  been  investigated  chiefly  by  Pelouze  and  Cahoura  (p. 
476). 

ReUnile,  or  Retinasphalt,  is  a  kind  of  fossil  resin  met  with  in  brown  coal : 
it  has  a  yellow  or  reddish  color,  is  fusible  and  inflammable,  and  readily 
dissolved  in  great  part  by  alcohol.  The  soluble  portion  is  called  retinie 
acid.  Halehttin  is  a  somewhat  similar  substance  met  with  in  mineral  coal 
at  Merthyr  Tydvil,  and  also  near  Loch  Fyne,  in  Scotland.  Idrialin  is  found 
associated  with  native  cinnabar,  and  is  extracted  from  the  ore  by  oil  of 
turpentine,  in  which  it  dissolves.  It  is  a  white,  crystalline  substance, 
scarcely  volatile  without  decomposition,  but  slij^htly  soluble  in  alcohol  and 
ether,  and  composed  of  C^^H^G :  it  is  generally  associated  with  a  hydro- 
carbon, idryl^  which  contains  CgjH,.. 

OtoeeriUf  or  /omU  wax,  is  found  in  Moldavia,  in  a  layer  of  bituminous 
shale :  it  is  brownish,  and  has  a  somewhat  pearly  appearance :  it  is  fusible 
below  100^,  and  soluble  with  difficulty  in  alcohol  and  ether,  but  easily  in 
oil  of  turpentine.     It  appears  to  contain  more  than  one  definite  principle. 

NeJle-deffUf  a  substance  resembling  the  former,  occurs  in  immense  quan- 
tities in  the  vicinity  of  the  Caspian  Sea.  Another  compound  of  the  same 
kind  is  found  in  still  larger  quantities  at  Baku,  and  is  called  Kir. 


ALCOHOLS  AITD  ETHERS. 


THE  term  alcohol,  originally  limited  to  one  substance,  viz.,  spirit  of 
wine,  is  now  applied  to  a  large  number  of  organic  compounds,  ma&j  of 
which,  in  their  external  characters,  exhibit  but  Uttle  resemblance  to  ordi- 
nary alcohol.  They  are  all,  however,  analogously  constituted,  hsTing  tlie 
composition  of  saturated  hydrocarbons,  in  which  one  or  more  of  the  hj- 
drogen-atoms  are  replaced  by  hydroxyl :  they  may,  therefore,  also  be  re- 
garded as  compounds  of  hydroxyl  with  uniTalent  or  multiTalent  hydroesr- 
bon  radicals,  hence  called  alcohol  rcuKealt,  Thus,  from  propane,  C^H|,  are 
derived  the  three  alcohols, 


C,H,(OH) 

(C,H,)"(OH), 

(C,H,)"'(OH), 

Propyl 

Propene 

Propenyl 

alcohol. 

alcohol. 

alcohol. 

Alcohols  are  accordingly  classed  as  monalomie,  diatomic,  triatomic,  &c..  or, 
generally,  as  monafomic  and  polyaiomiCj  according  to  the  number  of  eqiu- 
Talents  of  hydroxyl  which  they  contain ;  or  according  to  the  equiTslent 
value  of  their  hydrocarbon  radicals. 

The  replacement,  partial  or  total,  of  the  hydroxyl  in  an  alcohol  by  chlor- 
ine, bromine,  iodine,  or  fluorine,  gives  rise  to  haloid  ethers;  thus: 

« 

From  CjHyfOII)  are  derived  C,H/::i,  C,H-Br,  &c. 
"     C,H«(OH)»         "  C,H,C10H,  C,H«CL.  &c. 

"     (^'bH5){0H),      «  Qfifi\{OVL)^  C,H5C!,(0H).  C,H.CV 

C,HjBr,Cl,,  &c. 

These  substitutions  are  effected  by  treating  the  alcohols  with  the  chlor- 
ides, bromides,  and  iodides  of  hydrogen  or  phosphorus ;  thus : 

C,H5(0H)        4-  HCl        =        H(OH)        +        C,H,Cl 

Ethyl  Hydrogen  Water.  Ethyl 

alcohol.  chloride.  chloride. 


8C«H.(0H) 

Ethyl 

alcohol. 

8C»H,(0H) 

Ethyl 

alcohol. 


+            PCI,       =  P(OH),  +        8C,H,C1 

Phosphorous  Phosphorous                 Ethyl 

chloride.  acid.                     chloride. 

+           POCl,      =  PO(OH),  -{-        8C,H,a 

Phosphorous  Phosphorous                 Ethyl 

oxy  chloride.  acid.                      chloride. 


Instead  of  the  bromides  and  iodides  of  phosphorus,  the  elements  phos- 
phorus and  bromine  or  iodine,  in  the  proportions  required  to  form  them, 
are  often  used  in  these  processes. 

These  haloid  ethers  are  also  formed  in  many  instances  by  direct  substi- 
tution of  chlorine,  bromine,  &c.,  for  hydrogen  in  saturated  hydrocarboDS, 
as  explained  in  the  preceding  pafres. 

The  treatment  of  the  haloid  ethers  with  caustic  aqueous  alkalies  giTcs 
rise  to  a  substitution  opposite  to  that  exhibited  in  the  above  equations, 
reconverting  the  ethers  into  alcohols,  e,g. : 


KOH 


=        KCl        -f        CgH5(0H). 


C,lIaCl        + 

The  replacement  of  the  hydroxyl  in  an  alcohol  by  the  corresponding 
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radicals,  poUssozyl,  OK,  methoxyl,  OCH,,  ethozyl,  OC^H^,  &c.  (p.  287), — 
or  of  the  hjrdrogen  in  the  hydroxyl  by  potassium,  methyl,  ethyl,  &o., — 
gives  rise  to  oxygen  ether 9;  thus: 

C,H,(On)  yields  C,Hs(OK)        C,Hg(OCH,)        CjH.COC.H,) 
Ethyl  Potassium  Methyl  Ethyl 

alcohol.  ethylate.  ethylate.  ethylate. 

C,H(OH),      «     C,H,(OH)(OC,H,)  C,H,(OC  H,), 

Ethene  Monethylic  Diethylic 

alcohoL  etheuate.  etheuate. 

These  substitntionn  may  be  effected  in  yarious  ways.  The  simplest  is 
to  replace  an  atom  of  hydrogen  in  the  alcohol  by  potassium  or  sodium, 
ftud  act  on  the  resulting  compound  with  a  haloid  ether;  thus: 

2C,H^(0H),        +        Na,       =      2C,H4(OH)(ONa)       +        H^ 
Ethene  Sodium 

aleohoL  ethenate. 

C,H.(OH)(ONa)     +     C^HjI    =    Nal    -f     C,H^(0H)(0C,H5) 
Sodium  Ethyl         Sodium  Monethylic 

ethenate.  iodide.        iodide.  ethenate. 

In  the  polyatomic  alcohols,  two  equivalents  of  hydroxyl  may  also  be  re- 
placed by  one  atom  of  oxygen,  giving  rise  to  another  class  of  oxygen 
ethers;  thus,  from  ethene  alcohol,  CJS.AOH)^  is  derived  ethene-oxide, 
C,H.O. 

Toe  replacement  of  the  hydrogen  of  the  hydroxyl  in  an  alcohol  by  acid 
radicals  (p.  469),  produces  ethereal  salts  or  compound  ethers:  thus  from 
methyl  alcohol,  CH3(0H),  are  derived : 

H  0 

Methyl  nitrate,  CH,(0N0,),  or  H— C— 0—N 

H  O 

H  OH 

Methyl  acetate,  CH,(0C,H50),  or  H--C--0--.C— -C— H 

H  H 

H  0 

Acid  methyl  sulphate,  CH,(080,H),  or  H— C— O— S— 0— H 

H  0  H 

Nentral  methyl  sulphate,  CHj(OSOjCH,),  or  H— C— 0^-S— O— C— H 

H  0  H 

It  is  clear  that  these  ethereal  salts  may  be  derived  from  the  corresponding 
acids  by  substitution  of  alcohol-radicals  for  hydrogen,  being  in  fact  related 
to  the  alcohols  in  the  same  manner  as  metallic  salts  to  metallic  hydrates 
(p.  469).  When  distilled  with  alkalies,  they  are  resolved  into  an  acid  and 
aicohDl ;  e.  g, : 

48* 
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C,H5(0C,H,0) 

4- 

K(OH) 

es 

KCOC^HjO) 

+ 

C,H,{OH) 

Ethyl  acetate. 

Potassium 
hydrate. 

Potassium 
acetate. 

Ethyl 
alcohol. 

The  action  of  haloid  ethers,  or  of  certain  ethereal  salts,  on  the  salph- 
hydrates  and  sulphides  of  the  alkali-metals,  giTes  rise  to  alcoholic  ntlph-lnfdraf  ft 
and  9ulpkide$f  that  is  to  say,  alcohols  and  ethers  containing  sulphur  in  place 
of  oxygen;  thus: 


C0H5CI 

Ethyl 

chloride. 


+    KSH    =    KQ 


+    CjHJSH 
Ethyl 


2C,H^0S0,K    -f    KSK    b 
Potassium  ethyl      Potassium 
sulphate.  sulphide. 


2EOSO3K 
Potassium 
sulphate. 


salph-hydrate. 

Ethyl  sul- 
phide. 


The  alcoholic  8ulph-hydrates,or  sulphur-alcohols, are  also  called  Bureaptaw, 
from  their  property  of  readily  combining  with  mercury  {corpora  memaio 
aptd\.  Their  reactions  are  closely  analogous  to  those  of  the  oxygen- 
aJconols. 


MONATOMIC  ALCOHOLS  AND  ETHERS. 
I.  Containing  the  radieals  C.  H|.+„  homologona  with  Methyl. 

The  alcohols  of  this  series  are  the.  best  known  and  most  important  of  tU 
this  class  of  bodies.  They  may  be  formed  from  the  corresponding  haloid 
ethers  by  the  action  of  alkalies,  and  sereral  of  them  are  produced  by  the 
fermentation  of  sugar.  There  are  also  synthetical  processes  by  which  these 
alcohols  may  be  built  up  in  regular  order,  from  the  lowest  upwards;  bnt 
these  will  be  better  understood  further  on. 

The  names  and  formulas  of  the  known  alcohols  of  this  series  are  as  follows: 


Methyl  alcohol 
Ethyl  alcohol 
Propyl  alcohol 
Quartyl  or  Butyl  alcohol 
Quintyl  or  Amyl  alcohol 
Sextyl  or  Hexyl  alcohol 
Septyl  or  Heptyl  alcohol 
Octyl  alcohol      » 
Nonyl  alcohol .         . 
Sexdecyl  or  Cetyl  alcohol 
Ceryl  alcohol  . 
Mellssyl  alcohol . 


CH^O 

CgH^O 

CjHgO 

C,H„0 

C,H„0 

C«H„0 

C,H«0 

C,H«0 

C,H«0 

C^H«0 

C«H-0 

C»H„0. 


The  first  nine  of  these  alcohols  are  liquid  at  ordinary  temperatures. 
Methyl  and  ethyl  alcohols  are  mobile,  watery  liquids ;  the  others  are  more 
or  less  oily,  the  viscidity  increasing  with  the  molecular  weight ;  cetyl  alcohol 
is  a  solid  fat;  ceryl  and  melissyl  alcohols  are  of  waxy  consistence. 

The  formula  of  methyl  alcohol  is  that  of  methane  or  marsh-gas  l»»y^°J 
one  atom  of  hydrogen  replaced  by  hydroxyl ;  and  the  rest  may  be  derived 
from  it  by  replacement  of  one  or  more  of  the  other  hydrogen -atoms  by 
methyl  and  its  homologues.  If  we  replace  only  one  atom  of  hydrogen  in 
this  manner  we  obtain  the  series : 


HOKATOHIC   ALCOHOLS   AND   ETHBRS.  511 

Methyl  Ethyl  Propyl  Quartyl  Quintyl 

alcohoL         alcohol.  alcohol.  alcohol.  alcohol. 

CH,CH,CH,      f  CHjCHjCHjCH, 

OH  (  OH 


GIL 

r  CH-OH, 

H 

c. 

H 

H 

1  « 

OH 

1 

'  OH 

Nov,  it  is  clear  that,  so  long  as  the  type  of  an  alcohol  is  preserved — 
that  is,  of  a  hydrocarbon  having  at  least  one  hydrogen«atom  replaced  by 
hydrozyl  —  the  first  two  alcohols  of  this  series  do  not  admit  of  any  other 
mode  of  formulation  :  in  other  words,  these  two  bodies  are  not  susceptible 
of  isomeric  modifications.  But  with  regard  to  the  higher  members  of  the 
series  the  case  is  different.  Thus,  to  obtain  the  formula  of  the  three-car- 
bon alcohol,  C^HgO,  instead  of  replacing  one  hydrogen-atom  in  methyl 
alcohol  by  ethyl,  we  may  replace  two  hydrogen-atoms  by  methyl,  which 

(CH, 

will  give  for  this  alcohol  the  formula  ^  -{  u  '  instead  of  0 

(  OH 

in  like  manner  for  the  four-carbon  alcohol,  C4H10O,  we  obtain  the  three 
modifications : 

Primary.  Secondary.  Tertiary. 

CH,CH,CH,  (  CHjCH, 

OH 

An  aUohcl  it  ttdd  to  he  primary,  secondary,  or  tertiary,  according  as  (he  car* 
bon-atom  which  is  in  combination  toith  hydroxyl,  is  likewise  directly  combined  tcith 
onf,  two,  or  three  other  carbon-atoms. 

The  five-carbon  alcohol,  and  those  above  it,  are  likewise  susceptible  of 
the  same  three  modifications,  and  no  more,  inasmuch  as  the  carbon-atom 
combined  with  hydroxyl  has  only  three  other  units  of  equivalency  to  dis- 
pose of. 

There  is  still,  however,  another  kind  of  modification  of  which  the  alco- 
hols of  each  of  these  three  groups  are  susceptible,  arising  from  modifica- 
tions in  the  alcohol  radicals  themselves,  already  noticed  in  connection  with 
the  paraffins  (p.  478^.  The  primary  four-carbon  alcohol,  for  example,  may 
be  represented  by  either  of  the  formulse : 

C  H«C  H.C  Hfl 

H  ^ 

OH 

Each  of  these  fulfils  the  essential  condition  of  a  primary  alcohol :  but 
the  first  contains  normal  propyl,  CH,(C,Hg),  whereas  the  second  contains 
isopropyl,  CH(CHg),;  and  in  the  higher  alcohols  it  is  easy  to  see  that  a 
still  larger  number  of  modifications  may  exist ;  but  only  a  very  few  of  them 
hsTe  hitherto  been  actually  obtained.  The  methods  of  producing  secondary 
tnd  tertiary  alcohols,  and  the  differences  of  character  exhibited  by  the 
several  modifications,  will  be  explained  further  on. 
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A  very  convenient  nomenclature  for  these  isomeric  alcohols  has  heen 
proposed  by  Kolbe.  Methyl  alcohol,  CH,(OH),  is  called  carbmol;  and  the 
primary  alcohols  formed  from  it  by  successive  substitution  of  methyl,  etbjU 
&c.,  for  an  atom  of  hydrogen,  are  named  according  to  the  radicals  which 
they  contain ;  thus, 

Carbinol,  or  Methyl  alcohol  ....  C(OH)H, 

Methyl  carbinol,  or  Ethyl  alcohol  .         .  C(0H)H/:H, 

Ethyl  carbinol,  or  Propyl  alcohol  .         .  CrOHm,C,H, 

Dimethyl  carbinol,  or  Isopropyl  alcohol        •  C(OHm(CH|), 

Propyl  carbinol,  or  Quartyl  alcohol      .         .  CrOH)H,(C,Hy) 

Isopropyl  carbinol,  or  Isoquartyl  alcohol      .  C(OH)H/];U(Ci^), 
Methyl-ethyl  carbinol,  or  Secondary  Quartyl 

alcohol C(Oir)HCH,CA 

Trimethyl  carbinol,  or  Tertiary  Quartyl  al- 
cohol    C(OH)(CH,)^ 
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Methyl  Alcohol,  Hydrozymethane,  or  Carbinol,  CH4O  or  CH,(OH).— This 
is  the  simplest  member  of  the  series.  It  is  produced:  1.  From  marsh-gas, 
by  subjecting  that  compound  to  the  action  of  chlorine  in  sunshine,  wherebj 
chloromethane,  or  methyl  chloride,  CH^Cl,  is  produced,  and  distilling  this 
chloride  with  potash. 

2.  From  wintergreen  oil,  which  consists  chiefly  of  acid  methyl  salicj- 
late,  C^H^O  .  H  .  CUg,  by  distillation  with  potash,  whereby  potassium  salicj- 
late  is  formed,  and  methyl  alcohol  distils  over: 

C,H40..H.CH,      +       KOH       =      C^H^O,.H.K      +      Cflg(OH) 
Acia  methyl  Potassium  Acid  potassium 

salicylate.  hydrate.  salicylate. 

This  reaction,  which  consists  in  the  interchange  of  methyl  and  potassium, 
yields  very  pure  methyl  alcohol. 

3.  From  crude  wood-vinegar,  the  watery  liquid  obtained  by  the  destruc- 
tive distillation  of  wood :  it  was  in  this  liquid  that  methyl  alcohol  was  first 
discovered  by  P.  Taylor,  in  1812:  hence  it  is  often  called  fcocd-^rit. 
Crude  wood-vinegar  probably  contains  about  j^  part  of  methyl  alcohol, 
which  is  separated  from  the  great  bulk  of  the  liquid  by  subjecting  the 
whole  to  distillation,  and  collecting  apart  the  first  portions  which  pa.^ 
over.  The  acid  solution  thus  obtained  is  neutralized  with  slaked  lime,  and 
the  clear  liquid,  separated  from  the  oil  which  floats  on  the  surface,  and 
from  the  sediment  at  the  bottom  of  the  vessel,  is  again  distilled.  A  vola- 
tile liquid  is  thus  obtained,  which  burns  like  weak  spirit;  this  maj  be 
strengthened  by  rectification,  and  ultimately  rendered  pure  and  anhydrous 
by  careful  distillation  from  quicklime  at  the  heat  of  a  water-bath. 

Pure  methyl  alcohol  is  a  colorless,  thin  liquid,  very  similar  in  smell  and 
taste  to  ethyl  alcohol:  crude  wood-spirit,  on  the  other  hand,  which  contains 
many  impurities,  has  an  offensive  odor  and  a  nauseous,  burning  taste. 
Methyl  alcohol  boils  at  66-6®  C.  (162°  F.),  and  has  a  density  of  0-7i«at 
20*'  C.  (68<»  F.).  Vapor-density  (referred  to  hydrogen)  =  16  Mclbyl 
alcohol  when  pure  mixes  in  all  proportions  with  water:  it  dissolves  resins 
and  volatile  oils  as  freely  as  ethyl  alcohol,  and  is  often  substituted  for  ethyl 
alcohol  in  various  processes  in  the  arts,  for  which  purpose  it  is  prepared 
on  a  large  scale.  It  may  be  burnt  instead  of  ordinary  spirit  in  lamps: 
the  flame  is  pale-colored,  like  that  of  ethyl  alcohol,  and  deposits  no  soot. 
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Methyl  alcohol  dlssoWes  caustic  baryta:  the  solution  deposits,  by  eTapora- 
tion  in  a  vacuum,  acicular  crystals,  containing  Ba0.2CH40.  It  dissolves 
calcium  chlorido  in  large  quantity,  and  gives  rise  to  a  crystalline  compound 
containing,  according  to  Kane,  CaCl,.2CH40. 

Potassium  and  sodium  dissolve  in  it,  with  evolution  of  hydrogen  yielding 
potassium  and  sodium  methylates  or  methyl  ethers,  CH,OK,  and  CH,ONa. 

By  oxidation,  as  by  exposure  to  the  air  in  contact  with  platinum  black, 
it  is  converted  into  formic  acid,  CH^O^,  or  CHO.  OH,  which  is  derived  from 
it  by  substitution  of  1  atom  of  oxygen  for  2  atoms  of  hydrogen : 

CH^O        -f-        0,        =        OH,        4-        CH,0,. 

Xethyl  Chloride,  or  Chloromethane,  CH,C1,  is  formed,  according  to  Ber- 
thelot,  when  a  mixture  of  equal  volumes  of  methane  (uiarsh-gas)  and 
chlorine  is  exposed  to  reflected  sunlight.  It  is  more  easily  prepared,  how- 
eTer,  by  heating  a  mixture  of  2  parts  of  common  salt,  1  part  of  wood- 
spirit,  and  8  parts  of  concentrated  sulphuric  acid.  It  is  a  gaseous  body, 
which  may  be  conveniently  collected  over  water,  as  it  is  but  slightly  soluble 
in  that  liquid.  It  is  colorless;  has  a  peculiar  odor  and  sweetish  taste,  and 
bnrns,  when  kindled,  with  a  pale  flame,  greenish  towards  the  edges,  like 
most  combustible  chlorine-compounds.  Its  density,  referred  to  hydrogen 
as  unity,  is  25-25;  it  is  not  liquefied  at  — 18®  C.  (0**  F.).  The  gas  is  decom- 
posed by  transmission  through  a  red-hot  tube,  with  slight  deposition  of 
carbon,  into  hydrochloric  acid  gas  and  a  hydrocarbon  which  has  been  but 
little  examined.  By  the  action  of  chlorine  in  sunshine  it  is  successively 
converted  into  meihetu  chloride,  or  diehloromethane,  CH^Cl,,  a  liquid  boiling 
at  30'5°  C.  (87°  F.);  m^thent/l  chloride,  trichloromethane,  or  chloroform,  CHCl,; 
aad  carbon  tetrachloride,  CCI4. 

Xsthyl  Iodide,  or  lodomethane,  CHJ,  is  a  colorless  and  feebly  combustible 
liquid,  obtained  by  distilling  together  1  part  of  phosphorus,  8  of  iodine, 
and  12  or  15  of  wood-spirit.  It  is  insoluble  in  water,  has  a  density  of 
2-287,  and  boils  at  iff*  C.  (Ill*'  F.).  The  density  of  its  vapor,  referred  to 
hydrogen  as  unfty,  is  71.  When  digested  in  sealed  tubes  with  zinc,  it  yields 
a  colorless  gaseous  mixture  containing  ethane,  or  dimethyl,  CjH,.  and  the 
residue  contains  zinc  iodide,  together  with  zinc  methide,  Zn(CH,)2,  a  very 
Tolatile  liquid,  which  takes  fire  spontaneously  in  contact  with  the  air: 

2CH,I         -f         Zn         ==        Znl,        -{-        CJJ^ 
20H,l         4-         Zng        :=        Znl,        -f         Zn^ClI,),. 

Kethyl  Sthar,  Xethyl' Oxide,  or  Xethoxylmethane,  C.jH,0  =  (Cn3),0 

=  €•{„.  — This  compound,  which  bears  the  same  relation  to  methyl  alco- 

[OCH, 
hoi  that  anhydrous  potassium  oxide  bears  to  potassium  hydrate,  is  produced 
hy  abstraction  of  the  elements  of  water  from  methyl  alcohol:  2CH4O  — 
OEL=.C,HaQ. 

To  prepare  it,  1  part  of  wood-spirit  and  4  parts  of  concentrated  sul- 
phuric acid  are  mixed  and  exposed  to  heatMn  a  flask  fitted  with  a  perfo- 
rated cork  and  bent  tube :  the  liquid  slowly  blackens,  and  emits  large  quan- 
tities of  gas,  which  may  be  passed  through  a  little  strong  solution  of  caustic 
potash,  and  collected  over  mercury.  This  is  methyl  ether,  a  permanently 
gaseous  substance,  which  does  not  liquefy  at  — le^  C.  (S®  F.).  It  is  color- 
less, has  an  ethereal  odor,  and  hums  with  a  pale  and  feebly  luminous  flame. 
Its  specific  gravity  is  1-617  referred  to  air,  or  23  referred  to  hydrogen  as 
unity.  Cold  water  dissolves  about  H8  times  its  volume  of  this  gas,  acquiring 
thereby  its  characteristic  taste  and  odor :  on  boiling  the  solution,  the  gas 
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18  again  liberated.     Alcohol,  wood'Spirit,  and  conceDtrated  sulphuric  acid 
dissolve  it  in  still  larger  quantity. 

O 

Methyl  Ktrato,  CH3.NO,,  or  CH,.ONOy  or  H,C—0— N  —  This  ether  is 


i 


obtained  by  distilling  50  grams  of  pounded  nitre  with  50  grams  of  wood- 
spirit  and  100  grams  of  sulphuric  acid,  in  a  retort  without  external  heat- 
ing. It  is  a  colorless  liquid  of  sp.  gr.  1-182  at  2QP  C.  ((>8®  F.) ;  boils  at  Ob^ 
C.  (151°  F  ) :  has  a  faint  ethereal  odor.  Its  vapor  detonates  violently  when 
heated  to  150°  C.  (802°  F  ).  Heated  with  alcoholic  ammonieL,  it  yields  me- 
thylaniino  nitrate,  CH^N .  NO,lI.  Distilled  with  aqueous  potash,  it  yields 
methyl  ether. 

Kethyl  Sulphates, — Sulphuric  acid  being  a  bibasic  acid,  yields  two 
methyl  ethers  —  one  aci*:!,  the  other  neutral. 

Acid  metki/Uulphate,  Methyl  and  Hydrogen  sulphaUf  MetkyUulpkurie  add,  or 

O 

Sulphomethylic  acid,  ClIj.II.SO^,  or  CHjOSO^n^HjC— O— S— OH.  — To 

I 

prepare  this  acid  ether,  1  part  of  wood-spirit  is  slowly  mixed  with  2  parts 
of  concentrated  sulphuric  acid,  and  the  whole  is  heated  to  ebullition,  and 
left  to  cool,  after  which  it  is  diluted  with  water,  and  neutraliied  with 
barium  carbonate.  The  solution  is  filtered  from  the  insoluble  sulphate, 
and  evaporated,  first  in  a  water-bath,  and  afterwards  in  a  vacuum  to  the 
proper  degree  of  concentration.  The  salt  crystallises  in  beautiful,  square, 
colorless  tables,  containing  (CH3)2Ba^^S04.20H,,  which  effloresce  in  dry 
air,  and  are  very  soluble  in  water.  By  exactly  precipitating  the  base  from 
this  substance  with  dilute  sulphuric  acid,  and  leaving  the  filtered  liquid  to 
evaporate  in  the  air,  methylsulphuric  acid  may  be  procured  in  the  form  of 
a  sour,  syrupy  liquid,  or  in  minute  acicular  crystals,  very  soluble  in  water 
and  alcohol.  It  is  very  instable,  being  easily  decomposed  by  heat.  Pota*- 
sium  methylnulphate,  CH^KSO^.  crystallizes  in  small,  nacreous,  deliquescent 
rhombic  tables.  The  lead-salt  is  also  very  soluble. 
Neutral  Methyl  sulphate,  or  Dimethylie  sulphate,  (CH3)3S04,  or  CH, .  OS0| 

0 
CH,,  or   n,C— -0— S— 0— CH,.— This  ether  is  prepared    by  distilling  1 


I 


part  of  wood-spirit  with  8  or  10  parts  of  strong  oil  of  vitriol;  the  dis- 
tillation mny  be  carried  nearly  to  dryness.  The  oleaginous  liquid  found 
in  the  receiver  is  agitated  with  water,  and  purified  by  rectification  from 
powdered  caustic  baryta.  The  product  is  a  colorless,  oily  liquid,  of  alli- 
aceous odor,  having  a  density  of  1-324,  and  boiling  at  188°  C.  (S70°  F.). 
It  is  neutral  to  tCHt  paper,  and  insoluble  in  water,  but  decomposed  by  tbst 
liquid,  slowly  in  the  cold,  rapidly  and  with  violence  at  a  boiling  tempers- 
ture,  into  methylsulphuric  acid  and  wood-spirit.  Anhydrous  lime  and 
baryta  have  no  action  on  this  ether:  their  hydrates,  however,  and  those 
of  potassium  and  sodium,  decompose  it  instantly,  with  production  of  a 
Diethylsulphate  of  the  base,  and  methyl  alcohol.  When  neutral  metfajl- 
sulphate  is  heated  with  common  salt,  it  yields  sodium  sulphate  and  methyl 
chloride ;  with  mercuric  cyanide,  or  potassium  cyanide,  it  gives  a  sulphate 
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of  the  base,  and  metbyl  cyanide ;  with  dry  sodium  formate,  it  yields  sodium 
sulphate  and  .methyl  formate 

ICethyl  Borate,  (CHjljBOa  =  B'^^'fOCH,),,  is  formed  by  the  action  of 
gaseous  boron  chloride  on  anhydrous  methyl  alcohol.  It  is  a  limpid  liquid, 
of  specific  gravity  01)551  at  0°,  boiling  at  72°  C.  (162°  F.).  Water  decom- 
posea  it  into  boric  acid  and  methyl  alcohol. 

Xethyl  Fhosphatet. — Two  methyl  phosphates  hayc  been  obtained,  viz., 
methylphosphoric  acid,  (PO)''''(OH),(OCH,),  and  dimethylphosphoric  acid, 
(P0)'''(0H)(OCHg),.  They  are  formed  by  the  action  of  phosphorus  oxy- 
ebloride  on  methyl  alcohol  under  different  circumstances. 

Xethyl  Silicate,  Si'*(0CH3)4,  is  obtained  by  acting  upon  perfectly  pure 
and  dry  methyl  alcohol  with  silicium  tetrachloride,  and  distilling  the  pro- 
duct. It  is  a  colorless  liquid,  of  pleasant,  ethereal  odor,  specific  gravity 
1(>5S9  at  0°.  distilling  between  121<»  and  126°  C.  (250<»-258°  F.).  It  dis- 
solves with  moderate  facility  in  water,  and  the  solution  does  not  become 
turbid  from  separation  of  silica  for  some  weeks.  Its  observed  vapor-den- 
sity is  5  88  referred  to  air,  or  312  referred  to  hydrogen,  the  calculated 
number  being  304. 

Hexmethyl-disilicic  ether,  (CH,),Si,OY,  or  Si'%0(OCH,),,  is  produced,  to- 
gether with  the  compound  last  described,  when  the  methyl  alcohol  used  is 
not  quite  dry.  It  boils  at  201°  to  202-5°  C.  (294°-295°  F. ),  and  has  a  density 
of  1  1441  at  0°.    In  other  respects  it  resembles  the  preceding. 

Methyl  Balph-hydrate,  CH3SH,  also  called  Methyl  Xereaptan.— This  com- 
pound, which  has  the  composition  of  methyl  alcohol  with  the  oxygen  re- 
placed by  sulphur,  is  formed  by  distilling  in  a  water-bath,  with  efficient 
condensation,  a  mixture  of  calcium  methylsulphate  and  potassium  sulph- 
hydrate  : 

(S04)2(CH,),Ca^^  4-  2KSH  =  SO^K,  +  SO^Ca  -{-  2CH^H. 

It  is  a  hquid  lighter  than  water,  and  having  an  extremely  offensive  odor. 
It  forms  wich  lead-acetate  a  yellow  precipitate,  and  with  mercuric  oxide  a 
white  compound,  (CH3),S2Ug'^^,  which  crystallizes  from  alcohol  in  shining 
lamins. 

Kethyl  Salphide,  S(CH3),,  or  H,CSCH,,  is  obtained  by  passing  gaseous 
methyl  chloride  into  a  solution  of  potassium  monosulphide  in  wood-spirit. 
It  is  a  colorless,  mobile,  fetid  liquid,  of  specific  gravity  0-846  at  21°  C. 
(7tt°  F.),  boiling  at  41°  C.  (106°  F.).  It  forms  several  substitution-pro- 
ducts with  chlorine. 

Methyl  Bisulphide^  (^^9)2^1*  is  prepared  by  passing  gaseous  methyl  chlor- 
ide through  an  alcoholic  solution  of  potassium  bisulphide.  It  is  a  limpid, 
strongly  refracting  liquid,  having  a  specific  gravity  of  1*046  at  18°,  and  an 
intolerable  odor  of  onions;  boils  between  116°  and  118°.  It  forms  substi- 
tution-products with  bromine  and  chlorine. 

fiy  substituting  pentasulphide  for  bisulphide  of  potassium  in  the  preced- 
ing preparation,  a  iritulphidt  of  methyl,  (CH,)J3„  is  obtained,  boiling  at 
about  200®. 
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Ethyl  Aleohol,  Hydroxyl-ethane,  or  Methyl  Carbinol, 

CH  r  ^^s 

C.H,0  =  C,H,(OH)    =      I    •  =  cJH 
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This  important  compound,  the  oldest  and  best  known  of  the  whole  gronp 
of  alcokola,  and  generally  designated  by  the  simple  name  •*' alcohol,"  ij 
produced : 

1.  From  ethcne,  C,H4,  by  addition  of  the  elements  of  water.  Wh<>n 
ethene  gas  and  strong  sulphuric  acid  are  Tiolently  agitated  together  for  a 
long  time,  the  gas  is  absorbed,  and  ethylsulphuric  acid,  C^^SO^  is  pro> 
duced  ;  and  this  compouudi  distilled  with  water,  yields  sulphuric  add  &nd 
ethyl  alcohol: 

CjHgSO^      +      OH,      =      SO^H,      +      C,H«0. 

Now  we  have  seen  that  ethene  can  be  formed  by  addition  of  hydrogen 
to  ethinCf  C,H,,  which  is  itself  formed  by  direct  combination  of  carbon  sn/J 
hydrogen.  It  follows,  therefore,  that  alcohol  can  be  produced  syntlied- 
cally  from  its  elements. 

2.  By  the  fermentation  of  certain  kinds  of  sugar.  When  a  moderat^Ir 
warm  solution  of  cane-sugar  or  grape-sugar  (glucose)  is  mixed  with  cer- 
tain albuminous  matters,  as  blood,  white  of  egg,  flour-paste,  and especiallr 
beer-yeast,  in  a  state  of  decomposition,  a  peculiar  process,  called  ferBUHia- 
tion^  is  set  up,  by  which  the  sugar  is  resolved  into  ethyl  alcohol  and  carboB 
dioxide.  In  the  case  of  glucose,  these  products  result  from  a  simple  eplit- 
ting  up  of  the  molecule  : 


C,H„0,           : 

=         2C0, 

+ 

2C,H,0. 

Glucose. 

Carbon 
dioxide. 

AlcohoL 

Cane  sugar,  CijH^O^,,  is  first  converted  into  glucose  by  assumption  of 
water  {^i^^fin  -{-  ^^a  =^  ^^fivfit)*  ^^^  ^^®  latter  is  then  decomposed  as 
above.* 

If  ordinary  cane-sugar  be  dissolved  in  a  large  quantity  of  water,  a  doe 
proportion  of  active  yeast  added,  and  the  whole  maintained  at  a  tempera- 
ture of  21°-26°  C.  (70°-80®  F.),  the  change  will  go  on  with  great  rapidiijr. 
The  gas  disengaged  is  nearly  pure  carbon  dioxide :  it  is  easily  collectetl 
and  examined,  as  the  fermentation,  once  commenced,  proceeds  perfcctlr 
well  in  a  close  vessel,  such  as  a  large  bottle  or  flask  fitted  with  a  cork  and 
a  conducting-tube.  When  the  effervescence  is  at  an  end,  and  the  liquid 
has  become  clear,  it  will  yield  alcohol  by  disiillation. 

The  spirit  ilrst  obtained  by  distilling  a  fermented  saccharine  liquid  is 
very  weak,  being  diluted  with  a  large  quantity  of  water.  By  a  second  dis- 
tillation, in  which  the  first  portions  of  the  distilled  liquid  are  collected 
apart,  it  may  be  greatly  strengthened :  the  whole  of  the  water  cannot, 
however,  be  thus  removed.  The  strongest  rectified  spirit  of  wine  of  com- 
merce has  a  density  of  about  0*885,  and  yet  contnins  18  or  14  per  cent,  of 
water.  Pure  or  absolute  alcohol  may  be  obtained  from  it  by  redistilling  it 
with  half  its  weight  of  fresh  quicklime.  The  lime  is  reduced  to  co«r$e 
powder,  and  put  into  a  retort ;  the  alcohol  is  added,  and  the  whole  mised 
by  agitation.  The  neck  of  the  retort  is  securely  stopped  with  a  cork  and 
the  mixture  left,  for  several  days.  The  alcohol  is  distilled  off  by  the  heat 
of  a  water-bath. 

Pure  alcohol  is  a  colorless,  limpid  liquid,  of  pungent  and  agreeable  taste 
and  odor ;  its  specific  gravity,  at  15-5°  C.  (60'>  F.),  is  0-7938,  and  that  of  ils 
vapor  referred  to  air,  1*6 13.  It  is  very  inflammable,  burning  with  a  pale- 
bluish  flame,  free  from  smoke ;  it  has  never  been  frozen.  Alcohol  boils  at 
78-4°  C.  (173°  F.)  when  in  the  anhydrous  state  ;  in  a  diluted  statethe  boil- 

•  Side  by  Rido  with  this  principHi  decomposition,  a  variety  of  other  chanRW  nre  wmultane- 
oualy  accompliKhed.  Accdnlini;  to  Pastenr,  glycerine,  sucfinic  acid,  cHIulose.  latii,  and  «««' 
sfonally  lactic  acid,  nre  <)b!<pr%'od  ninotifs  the  pfgducta  of  alcoholic  fermentation.  Somecrf  tk« 
homologties  of  etliyl  alcohol  are  also  found  among  the  product!. 
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ing  point  is  higher,  being  progressively  raised  by  each  addition  of  water. 
In  the  act  of  dilution  a  contraction  of  volume  occurs,  and  the  temperature 
of  the  mixture  rises  many  degrees :  this  takes  place  not  only  with  pure 
aleohol,  but  also  with  rectified  spirit.  Alcohol  is  miscible  with  water  in 
all  proportions,  an«l,  indeed,  has  a  great  attraction  for  the  latter,  absorb- 
ing its  vapor  from  the  air,  and  abstracting  the  moisture  from  membranes 
and  other  similar  substances  immersed  in  it.  The  solvent  powers  of  alco- 
hol are  very  extensive :  it  dissolves  a  great  number  of  saline  compounds, 
and  likewise  a  considerable  proportion  of  potash.  With  some  salts  it 
forms  definite  crystalline  compounds,  called  aleoholatcM:  with  zinc  chloride^ 
ZnClj. 'iOjilgO ;  with  calcium  chloride,  CaCl, .  40,1100 ;  with  magnesium  ni- 
trate, (NOjtj.Mg .  6C,HfO.  Alcohol  dissolves,  moreover,  many  organic  sub- 
stances, ns  the  vegeto-alkalies,  resins,  essential  oils,  and  various  other 
bodies:  hence  its  great  use  in  chemical  investigations  and  in  several  of  the 
arts. 

Potaasium  and  sodium  dissolve  in  ethyl  alcohol  in  the  same  manner  as  in 
methyl  alcohol,  forming  the  compounds  C,HgKO  and  C,HgNaO. 

Alcohol,  passed  through  a  red-hot  tube,  is  resolved  into  marsh-gas,  hy- 
drogen, and  carbon  monoxide : 

C,H«0     =     CH4     4-     H,    +     CO. 

Small  quantities  of  ethene,  benzene,  and  naphthalene  are,  however,  formed 
at  the  same  time  by  the  mutual  action  of  these  primary  products,  and  car- 
bon is  deposited. 

By  oxidation^  alcohol  is  converted,  first,  into  aldehyde,  then  into  acetic 
acid  : 

c,n,o     +      0      =      OH,     +      C^H^O, 

Alcohol.  Aldehyde. 


CjH^O      + 
Aldehyde. 


0      = 


C,HA 
Acetic  acid. 


Chlorine  gas  is  rapidly  absorbed  by  anhydrous  alcohol,  imparting  to  it  a 
yellow  color,  and  causing  considerable  rise  of  temperature.  At  the  same 
time  it  rapidly  abstracts  hydrogen,  which  is  partly  replaced  by  the  chlo- 
rine, producing  hydrochloric  acid,  aldehyde,  acetic  acid,  ethyl  acetate, 
etiiyl  chloride,  and  finally  chloral.  The  mixture  of  these  substances,  freed 
by  water  from  the  soluble  constituents,  was  formerly  called  heavy  muriatic 
(fhn.  The  formation  of  the  several  products  is  represented  by  the  follow- 
ing equations : 


C,H,0        -f 
Alcohol. 


CI,      =      2HCI    +     C,H40, 

Aldehyde. 


c,n,o 

Alcohol. 

C,H,0 
Alcohol. 

C,H«0 

Alcohol. 

C,IIeO 
Alcohol. 


+ 


4C1,      =      5HC1 


+    C,IICl30. 
Chloral 


+  HCl      =       OH,      +     CjHjCl, 

+    0H,-f2Cl, 


Ethyl  chloride. 


^      4HCI 


+     C,H,0,, 
Acetic  acid. 


+     C,HA      = 
Acetic  acid. 


OH,       + 


c,H  jOj.  c,n  J. 

Ethyl  acetate. 


When  the  action  of  the  chlorine  is  continued  for  a  lonjj  time,  chloral  is 
always  the  principal  product.     This  compound  is  a  heavy  oily  liquid,  having 
the  composition  of  aldehyde  with  3  atoms  of  hydrogen  replaced  by  chlorine ; 
44 
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but  it  cannot  be  formed  by  the  direct  action  of  clilorine  upon  aldeiijde. 
When  alcohol  containing  water  is  used,  scarcely  any  chloral  is  obtained, 
the  chief  product  being  uldehyde. 

Chlorine^  in  presence  of  alkalies,  converts  alcohol  into  chloroform  and 
carbon  dioxide: 

CjHeO     4-     iC\    +    OH,    =    CO,    +     6HC1     -|-    CHCV 
Alcohol.  Chloro- 

form. 

The  same  products  are  formed  by  distilling  dilute  alcohol  with  bleaehiog 
powder. 

Aqueous  alcohol  heated  with  strong  sulphuric  add  is  concerted  into  ethyl- 
sulphuric  acid,  CjHjSO^,  or  C2H5(OS03H),  (p.  626);  but  when  anhydrous 
alcohol  is  exposed  to  the  Tapor  of  sulphuric  oxide,  SOg.  a  white  crystalline 
substance  is  formed,  called  ethionic  on'de,  formerly  svlphate  of  ^rbvk 
CjH^SjOj.  Thip,  when  dissolved  in  water  or  in  aqueous  alcohol,  is  conterteJ 
into  ethionic  aeid^  C^H^S^Oy,  a  bibasic  acid,  which  forms  a  soluble  barium 
salt.  Lastly,  a  solution 'of  ethionic  acid,  when  boiled,  is  resolved  into  sul- 
phuric acid  and  isethionie  acid,  an  acid  isomeric  with  ethylsolphurie  acid 
(p.  627). 


Commercial  Spirit,  Wine,  Beer,  i[-e,  VinouJt  Fermentation, — The  strength  of 
commercial  spirit,  when  free  from  sugar  and  other  substances  added  sub- 
sequent to  distillation,  is  inferred  from  its  density :  a  table  exhibiting  tbe 
proportions  of  real  alcohol  and  water  in  spirits  of  different  densities  win 
be  found  at  the  end  of  the  volume.  The  excise  proof  tpirit  has  a  sp.  gr. 
of  0-9198  at  CO^  F.,  and  contains  49}  per  cent,  by  weight  of  real  alcoiiol. 

The  high  duty  on  spirits  of  wine  in  this  country  has  hitherto  interfered 
with  the  development  of  many  branches  of  industry,  which  are  dependent  on 
the  free  use  of  this  important  liquid.  The  labors  of  the  scientific  chemist  lisre 
been  likewise  often  checked  by  this  inconvenience.  A  remedy  for  the  evil 
has  been  supplied  in  Great  Britain  by  a  very  important  measure.  propo>ed 
and  carried  out  by  the  late  Mr.  John  Wood,  Chairman  of  the  Board  of  Inhod 
Revenue.  This  measure  consists  in  issuing  for  manufacturing  and  scientific 
purposes,  duty  free,  a  mixture  of  90  per  cent,  of  spirits  of  wine  of  not  le?s 
strength  than  corresponds  to  a  density  of  0-830,  with  10  per  cent,  of  partiallj 
purified  wood-spirit,  which  is  now  sold  by  licensed  dealers  under  the  name 
of  Methflated  Spirit,  It  appears  that  a  mixture  of  this  kind  is  rendered  per- 
manently unfit  for  human  consumption,  the  separation  of  the  two  sub^tsnce^, 
in  consequence  of  their  close  analogy,  being  not  only  difficult,  but  to  all 
appearance  impossible:  at  the  same  time,  and  for  the  same  reasons,  this 
mixture  is  not  materially  impaired  f«  r  tlie  greater  number  of  the  more 
valuable  purposes  in  the  arts  to  which  spirits  are  usually  employed  Methyl- 
ated spirit  may  bo  used,  instead  of  pure  spirit,  as  a  solvent  of  resinou* 
substances,  and  of  many  chemical  preparations,  especially  of  the  alkaloids 
and  other  organic  products.  It  may  be  used  for  the  production  of  fulmi- 
nating mercury,  ether,  chloroform,  iodoform,  defiant  pas.  and  all  its  de- 
rivatives—  in  fact,  for  an  endless  number  of  laboratory  purposes.  Mythyl- 
ated  spirit  may  also  be  substituted  for  pure  spirit  of  wine  in  the  preser- 
vation of  anatomical  preparations.  The  introduction  of  this  spirit  has 
already  exerted  a  very  beneficial  effect  upon  the  development  of  organic 
chemistry  in  that  country.* 

•  8e«  Report  on  the  Supply  of  Spirits  of  Wfin\  free  from  dntv.  for  iwe  In  the  Artoand  M«a^ 
factures,  addrcsst'd  to  the  Chairman  of  Inhmd  Reveunp,  by  Profo«Bor»  Oraluuu,  Uoftnann,  ww 
Bedwood.    (Quarterly  Journal  of  Chemical  Society,  rol.  vlll.  p.  120. 
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WtMy  beer,  &c.,  owe  their  intoxicating  properties  to  the  alcohol  they  con- 
;ain,  the  quantity  of  which  varies  very  much.  Port  and  sherry,  aud  some 
other  strong  wines,  contain,  according  to  Mr.  Brande,  from  19  to  26  per 
cent,  of  alcohol,  while  in  the  lighter  wines  of  France  and  Germany  it  some- 
times falls  as  low  as  12  per  cent.  Strong  ale  contains  about  10  per  cent. ; 
ordinary  spirits,  as  brandy,  gin,  whiskey,  40  to  50  per  cent.,  or  occasionally 
it  ore.  These  latter  owe  their  characteristic  flavors  to  certain  essential  oils, 
present  in  very  small  quantity,  either  generated  in  the  act  of  fermentation 
or  purposely  added. 

In  making  wine,  the  expressed  juice  of  the  grape  is  simply  set  aside  in 
large  v:its,  where  it  undergoes  spontaneously  the  necessary  change.  The 
vegetable  albumin  of  the  juice  absorbs  oxygen  from  the  air,  runs  into  de- 
composition, and  in  that  state  becomes  a  ferment  to  the  sugar,  which  is 
graiiuaily  converted  into  alcohol.  If  the  sugar  be  in  excess,  and  the 
azotized  matter  deficient,  the  resulting  wine  remains  sweet;  "but  if,  on  the 
other  band,  the  proportion  of  sugar  be  small  and  that  of  albumen  large,  a 
dr^  wine  is  produced.  When  the  fermentation  stops,  and  the  liquor  becomes 
clear,  it  is  drawn  off  from  the  lees,  and  transferred  to  casks,  to  ripen  and 
improve. 

The  color  of  red  wine  is  derived  from  the  skins  of  the  grapes,  which  in 
such  cases  are  left  in  the  fermenting  liquid.  Effervescent  wines,  as  cham- 
pagne, are  bottled  before  the  fermentation  is  complete;  the  carbonic  acid 
is  dtsengaged  under  pressure,  and  retained  in  solution  in  the  liquid.  A 
certain  quantity  of  sugar  is  frequently  added.  The  process  requires  much 
delicate  management. 

During  the  fermentation  of  the  grape-juice,  or  mustf  a  crystalline,  stony 
matter,  called  arffol,  is  deposited.  This  consists  chiefly  of  acid  potassium 
tartrate  with  a  little  coloring  matter,  and  is  the  source  of  all  the  tartaric 
acid  met  with  in  commerce.  The  salt  in  question  exists  in  the  juice  in  con- 
siderable quantity ;  it  is  but  sparingly  soluble  in  water,  but  still  less  so  in 
dilute  alcohol :  hence,  as  the  fermentation  proceeds,  and  the  quantity  of 
spirit  increases,  it  is  slowly  deposited.  The  acid  of  the  juice  is  thus  re- 
moved as  the  sugar  disappears.  It  is  this  circumstance  which  renders 
grape-juice  alone  fit  for  making  good  wine ;  when  that  of  gooseberries  or 
currants  is  employed  as  a  substitute,  the  malic  and  citric  acids  which  these 
fruits  contain  cannot  be  thus  withdrawn.  There  is  then  no  other  resource 
but  to  add  sugar  in  sufiicient  quantity  to  mask  and  conceal  the  natural 
acidity  of  the  liquor.  Such  wines  are  necessarily  acescent,  prone  to  a 
second  fermentation,  and,  to  many  persons,  at  least,  very  unwholesome. 

Beer  is  a  well-known  liquor,  of  great  antiquity,  prepared  from  germi- 
nated grain,  generally  barley,  and  is  used  in  countries  where  the  wine  does 
not  flouriiih.  The  operation  of  malting  is  performed  by  steeping  the  barley 
in  water  until  the  grains  becoms  swollen  and  soft,  then  piling  it  in  a  heap 
or  coueh,  to  favor  the  elevation  of  temperature  caused  by  the  absorption  of 
oxygen  from  the  air,  and  afterwards  spreading  it  upon  a  floor,  and  turning 
it  over  from  time  to  time  to  prevent  unequal  heating.  When  germination 
has  proceeded  far  enough,  the  vitality  of  the  seed  is  destroyed  by  kiln- 
drjing.  During  this  process,  a  peculiar  nitrogenous  substance  called 
duutane  is  produced,  which  acts  as  a  ferment  on  the  starch  of  the  grain, 
conrerting  a  portion  of  it  into  sugar  and  rendering  it  soluble. 

In  brewing,  the  crushed  malt  is  infused  in  water  at  about  77°  C  (170°  F.), 
and  the  mixture  is  left  to  stand  during  the  space  of  two  hours  or  more. 
The  easily  soluble  diastase  has  thus  an  opportunity  of  acting  upon  the  un- 
altered starch  of  the  grain,  and  changing  it  into  dextrin  and  sugar.  The  clear 
liquor,  or  wort,  strained  from  the  exhausted  malt,  is  next  pumped  up  into 
a  copper  boiler,  and  boiled  with  the  requisite  quantity  of  hops,  to  com- 
municate a  pleasant  bitter  flavor,  and  confer  on  the  beer  the  property  of 
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keeping  without  injury.     The  flowers  of  the  hop  contain  a  bitter,  reainoos 
principle,  called  lupulin,  and  an  euseutial  oil. 

When  the  wort  has  been  sufficiently  boiled,  it  is  drawn  from  the  copper, 
and  cooled  as  rapidly  as  possible,  to  near  the  ordinary  temperature  of  the 
air,  in  order  to  avoid  an  irregular  acid  fermentation,  to  which  it  would 
otherwise  be  liable.  It  is  then  transferred  to  the  fermenting  Teasels,  which 
in  large  breweries  are  of  great  capacity,  and  mixed  with  a  quantity  of 
yeast,  the  product  of  a  preceding  operation,  by  which  the  change  is  spe^ilj 
induced.  This  is  the  most  critical  part  of  the  whole  operation,  and  one  in 
which  the  skill  and  judgment  of  the  brewer  are  most  called  into  play.  The 
process  is  in  some  measure  under  control  by  attention  to  the  temperature 
of  the  liquid ;  and  the  extent  to  which  the  change  has  been  carried  iseaalv 
known  by  the  diminished  density,  ur  aUenuati<m  of  the  wort.  The  fermcDta- 
tion  is  never  suffered  to  run  its  full  course,  but  is  always  stopped  at  a  par- 
ticular  point,  by  separating  the  yeast,  and  drawing  off  the  beer  into  casks. 
A  slow  and  almost  insensible  fermentation  succeeds,  which  in  time  readers 
the  beer  stronger  and  less  sweet  than  when  new,  and  charges  it  with  car- 
bonic acid. 

Highly  colored  beer  is  made  by  adding  to  the  malt  a  small  quantity  of 
strongly  dried  or  charred  malt,  the  sugar  of  which  has  been  changed  to 
caramel ;  porter  and  stout  are  so  prepared. 

The  yeast  of  beer  is  a  very  remarkable  substance,  and  has  excited  moch 
attention.  To  the  naked  eye  it  is  a  greenish-yellow  soft  solid,  nearly  in- 
soluble in  water,  and  dries  up  to  a  pale-brownish  mass,  which  readilj 
putrefies  when  moistened,  and  becomes  offeusive.  Under  the  microscope 
it  exhibits  a  kind  of  organized  appearance,  being  made  up  of  little  traos- 
parent  globules,  which  sometimes  cohere  in  clusters  or  strings,  like  some 
of  the  lowest  members  of  the  vegetable  kingdom.  Whatever  may  be  the 
real  nature  of  the  substance,  no  doubt  can  exist  that  it  is  formed  from  the 
soluble  azotized  portion  of  the  grain  during  the  fermentative  process.  No 
yeast  is  ever  produced  in  liquids  free  from  azotized  matter ;  that  added  for 
the  purpose  of  exciting  fermentation  in  pure  sugar  is  destroyed,  and  ren- 
dered inert  thereby.  When  yeast  is  deprived,  by  straining  and  strong 
pressure,  of  as  much  water  as  possible,  it  may  be  kept  in  a  cool  place,  with 
unaltered  properties,  for  a  long  time;  otherwise  it  speedily  spoila 

The  distiller,  who  prepares  spirits  from  grain,  makes  his  wort,  or  v«A, 
much  in  the  same  manner  as  the  brewer ;  he  uses,  however,  with  the  malt 
a  large  quantity  of  raw  grain,  the  starch  of  which  suffers  conversion  into 
sugar  by  the  diastase  of  the  malt,  which  is  sufficient  for  his  purpose.  He  does 
not  boil  his  infusion  with  hops,  but  proceeds  at  once  to  the  fermentation, 
which  he  pushes  as  far  as  possible  by  large  and  repeated  doses  of  yeast. 
Alcohol  is  manufaotured  in  many  cases  from  potatoes.  The  potatoes  are 
ground  to  pulp,  mixed  with  hot  water  and  a  little  malt,  to  furnish  diastase, 
made  to  ferment,  and  then  the  fluid  portion  is  distilled.  The  potato-spirit 
is  contaminated  by  a  very  offensive  volatile  oil,  again  to  be  mentioned:  the 
crude  product  from  corn  contains  a  substance  of  a  similar  kind.  The  busi- 
ness of  the  rectifier  consists  in  removing  or  modifying  these  volatile  oils, 
and  in  replacing  them  by  others  of  a  more  agreeable  character. 

In  making  breads  the  vinous  fermentation  plays  an  important  part:  the 
yeast  added  to  the  dough  converts  the  small  portion  of  sugar  the  meal  oat- 
urnlly  contains  into  alcohol  and  carbonic  acid.  The  gas  thus  disengaged 
forces  the  tough  and  adhesive  materials  into  bubbles,  which  are  still  further 
expanded  by  the  heat  of  the  oven,  which  at  the  same  time  dissipates  the 
alcohol:  hence  the  light  and  spongy  texture  of  all  good  bread.  The  use 
of  leaven  is  of  great  antiquity :  this  is  merely  dough  in  a  state  of  incipient 
putrefaction.  When  mixed  with  a  large  quantity  of  fresh  dough,  it  exeites 
in  the  latter  the  alcoholic  fermentation,  in  the  same  manner  as  yeast,  bat 
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less  perfectly ;  it  is  apt  to  communicate  a  disagreeable  sour  taste  and  odor. 
Sometimes  carbonnte  of  ammonia  is  employed  to  lighten  the  dough,  being 
completely  volatilized  by  the  high  temperature  of  the  OTcn.  Bretid  is  now 
sometimes  made  by  mixing  a  little  hydrochloric  acid  and  sodium  carbonate 
in  the  dough :  if  proper  proportions  be  taken  and  the  whole  thoroughly 
mixed,  the  operation  appears  to  be  Tery  successful. 

Another  mode  of  bread-making,  now  practised  on  a  large  scale  with  great 
success,  is  that  inyented  by  the  late  Dr  Dauglish,  which  consists  in  agitat- 
ing the  dough  in  a  strong  Tessel  with  water  saturated  under  pressure  with 
carbonic  acid  gas.  When  the  dough  thus  treated  is  subsequently  released 
from  this  pressure  and  exposed  to  the  air,  the  gas  escapes  in  bubbles,  and 
lightens  the  mass  as  effectually  as  that  cTolved  within  its  substance  by  fer- 
mentation. The  bread  thus  made,  called  *' aerated  bread/'  is  of  excellent 
quality,  not  being  subject  to  the  deterioration  which  so  frequently  takes 
place  in  ordinary  bread,  when  the  fermentation  is  allowed  to  go  too  far. 

Vinoiu  fermentation,  that  is  to  say  the  conversion  of  sugar  into  alcohol  and 
carbon  dioxide,  never  takes  place  except  in  presence  of  some  nitrogenous 
body  of  the  albuminoid  class  in  a  state  of  decomposition  (p.  463).     The 
manner  in  which  these  bodies  act  in  inducing  fermentation  is  very  obscure : 
tbey  neither  add  anything  to  the  sugar  nor  take  anything  from  it ;  but  the 
motion  or  disturbance  of  their  particles,  while  undergoing  putrefaction,  is 
supposed  to  be  communicated  to  the  particles  of  the  sugar  with  which  they 
sre  in  contast,  and  thus  to  induce  the  decomposition  above  mentioned; 
hence  such  bodies  are  called  ferments.     There  are  other  modes  of  fermen- 
tation, which  sugar  and  substances  allied  to  it  are  capable  of  undergoing, 
and  the  particular  change  induced  varies  with  the  kind  of  ferment  present: 
thus  vinous  fermentation  is  induced  with  peculiar  facility  by  yeast;  lactous 
fermentation,  or  the  conversion  of  sugar  into  lactic  3cid,  by  putrefying 
cheese.     Another  very  remarkable  circumst-ance  connected  with  fermenta- 
tion is  that  it  is  always  accompanied  by  the  development  of  certain  minute 
living  organisms — fungi  and   infusoria — like  those  already  mentioned  as 
existing  in  yeast.     So  constantly  indeed  is  this  the  case,  that  many  chem- 
ists and  physiologists  regard  these  organisms  as  the  exciting  cause  of  fer- 
mentation and  putrefaction;  and  this  view  appears  to  be  corroborated  by 
the  fact  that  each  particular  kind  of  fermentation  takes  place  most  readily 
in  contact  with  a  certain  living  organism,  or  at  least  with  nitrogenous  mat- 
ter containing  it;  thus  beer-yeast  contains  two  species  of  fungus,  called 
Torvula  eerevuia  and  Penicillium  glaucum,  the  cells  of  which  are  of  very  dif- 
ferent sixes,  so  that  they  may  be  separated  by  filtering  an  infusion  of  the 
yeast,  the  larger  cells  of  the  Torvula  remaining  on  the  filter,  while  those  of 
the  Peninllhim,  which  are  much  smaller,  pass  through  with  the  liquid. 
Now,  it  is  found  that  the  residue  on  the  filter  brings  a  solution  of  sugar 
inio  the  state  of  vinous  fermentation,  whereas  the  filtered  liquid  induces 
lactons  fermentation.     But  whether  this  effect  is  due  to  the  fungi  them- 
Mlves,  or  to  the  peculiar  state  of  the  albuminous  matter  in  which  they  oc- 
cur, is  a  question  not  yet  decided.     The  investigation  is  attended  with 
peculiar  difficulties,  arising  chiefly  from  the  universal  diffusion  of  the  germs 
of  these  minute  organisms,  which  are  present  not  only  in  all  decaying  albu- 
mmous  matter,  and  on  the  skins  of  fruits,  leaves,  and  other  parts  of  plants. 
but  are  likewise  diffused  through  the  air:  so  that  in  experiments  made  for 
the  purpose  of  ascertaining  whether  fermentation  can  take  place  without 
them,  it  is  extremely  difficult  to  insure  their  complete  exclusion  from  the 
substances  under  examination.* 

flee  the  arUde  «  Fermentation,"  in  Watta's  DicUonary  of  Chemistry,  vol.  li.  p.  (£23. 
44* 
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Sthyl  Chloride,  or  Chlorethane,  C^H^Cl,  or  C-J  H,  ,  often  called  Bf- 


sr-. 


droehloric  ether. — To  prepare  this  compound,  rectified  spirit  of  wine  is 
saturated  with  dry  hydrocliloric  acid  gas,  and  the  product  distilled  with 
very  gentle  heat;  or  a  mixture  of  8  parts  oil  of  vitriol  and  2  parts  of  alco- 
hol is  poured  upon  4  parts  of  dry  common  salt  in  a  retort,  and  heat  applied ; 
in  either  case  the  vapor  of  the  hydrochloric  ether  should  be  conducted 
through  a  little  tepid  water  in  a  wash-bottle,  and  then  conveyed  into  i 
small  receiver  surrounded  by  ice  and  salt.  It  is  purified  from  adhering 
water  by  contact  with  a  few  fragments  of  fused  calcium  chloride.  Hydro- 
chloric ether  is  a  thin,  colorless,  and  excessively  volatile  liquid,  of  a  pene- 
trating, aromatic,  and  somewhat  alliaceous  odor.  At  the  freeiing  point  of 
water,  its  sp.  gr.  is  0*921,  and  it  boils  at  12*5'^  C.  (55^  F.);  it  is  soluble  in 
10  parts  of  water,  is  but  incompletely  decomposed  by  solution  of  silver 
nitrate  when  the  two  are  heated  together  in  a  sealed  tube,  but  is  quickly 
resolved  into  potassium  chloride  and  ethyl  alcohol  by  a  hot  aqueous  solu- 
tion of  caustic  potash : 

CjHjCl        +        KOH        =        Ka        +        CjHgOH. 

With  alcoholic  potash,  on  the  other  hand,  or  potassium  ethylate,  it  yieldf 
ethyl  oxide,  or  common  ether: 

CjHjCl     -f    CjUfiK    =     KCl    +     (C,H»),0. 

Heated  with  soda-lime,  it  yields  ethene  or  defiant  gas : 

eCjHjCl     -h     ONa,    =    2NaCl    -j-    OH,    -f     C,H<. 

When  vapor  of  ethyl  chloride  is  mixed  with  chlorine  gas  in  a  vessel  ex- 
posed first  to  diffused  daylight,  and  afterwards  to  direct  sunshine,  hydro- 
chloric acid  is  formed,  and  the  chlorine  displaces  one  atom  of  hydrogen  in 
the  ethyl  chloride,  producing  monochlorinated  ethyl  chloride,  or  dirhlor- 
ethane,  CjILCl,,  a  colorless,  oily  liquid,  ii<omeric  with  ethene  chloride  or 
Dutch  liquid.  By  the  prolonged  action  of  chlorine  in  excess,  the  com- 
pounds C,H-Cl,.  C-HjCL,  C-HClj,  and  C^Cl^  are  produced,  the  last  of  which 
is  a  crystalline  body,  identical  w^iih  the  carbon  trichloride  produced  by  the 
action  of  chlorine  on  Dutch  liquid. 

Ethyl  Bromide,  or  Bromethane,  CjH^Br,  also  called  Hydrohromie  etker^  ie 
prepared  by  distilling  a  mixture  of  8  parts  bromine,  1  part  phosphoras, 
and  89  parts  alcohol.  It  is  a  very  volatile  liquid,  heavier  than  water,  hav- 
ing a  penetrating  taste,  and  odor,  boiling  at  41°  C.  (10G°  F). 

Ethyl  Iodide,  or  lodethane,  C^Hgl,  also  called  Hydriodic  ether,  may  be  con- 
veniently prepared  with  5  parts  of  phosphorus,  70  parts  of  alcohol  (of  O-M 
sp.  gr.)  and  100  parts  of  iodine.  The  phosphorus  is  introduced  into  a  tu« 
bulated  retort,  covered  with  part  of  the  alcohol,  and  heated  to  fusion. 
The  rest  of  the  alcohol  is  poured  upon  the  iodine,  and  the  solution  thus 
obtained  is  allowed  to  flow  gradually  through  a  tap-funnel  into  the  retort. 
The  brown  liquid  is  at  once  decolorized,  and  ethyl  iodide  distils  over,  which 
is  condensed  by  a  good  cooling  apparatus.  The  distillate,  consisting  of  al- 
cohol and  ethyl  iodide,  is  again  poured  on  the  residuary  iodine,  which  is 
thus  rapidly  dissolved,  introduced  into  the  retort,  and  ultimately  entirely 
converted  into  ethyl  iodide.  The  latter  is  washed  with  water  to  remoT« 
adhering  alcohol,  separated  from  this  water  by  a  tap-funnel,  digested  with 
calcium  chloride,  and  rectified  in  the  water-bath.  Ethyl  iodide  may  also 
be  formed  by  heating  in  a  sealed  glass  vessel  a  mixture  of  hydriodic  acid 
and  defiant  gas.     Hydriodic  ether  is  a  colorless  liquid,  of  penetrating  eXht- 
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real  odor,  hating  a  density  of  1-92,  and  boiling  at  72°  C  (162<»  F.).  It  be- 
comes red  by  exposure  to  light,  from  a  oummencement  of  decomposition. 
This  BubstAnce  has  become  highly  important  as  a  source  of  ethyl,  and  from 
its  remarkable  deportment  with  ammonia,  which  will  be  discussed  in  the 
Section  on  Organic  Bases. 

Bthyl  (hride,  or  EthyUo  ether,  C^U^fi=Cfl^{0C^li6)={C^lh)fi.  This 
compound,  also  called  common  ether,  or  simply  c//4er,  couiains  the  elements 
of  '1  molecules  of  alcohol  miniu  1  molecule  of  water : 

2CaHeO      —      OH,      =      C^^iJ^; 

and  it  is  in  fact  produced  by  the  action  of  various  dehydrating  agents, 
such  as  zinc  chloride,  phosphoric  oxide,  and  strong  sulphuric  acid,  upon 
alcohol.  The  process  does  not  appear,  however,  to  be  one  of  direct  dehy- 
dration, at  least  in  the  case  of  sulphuric  acid :  for  when  that  acid  is  heated 
with  alcohol  to  a  certain  temperature,  it  does  not  become  weaker  by  taking 
water  from  the  alcohol,  but  ether  and  water  distil  over  together,  and  the 
sulphuric  acid  remains  in  its  original  state,  ready  to  act  in  the  same  man- 
ner on  a  fresh  portion  of  alcohol.  The  reaction  is  in  fact  one  of  sub- 
stitution, the  ultimate  result  being  the  conversion  of  alcohol,  C,H5(0H), 
into  ether,  C,H5(OC,H5),  by  the  substitution  of  ethyl  for  hydrogen.  The 
manner  in  which  this  takes  place  will  be  better  understood  when  another 
mode  of  the  formation  of  ether  has  been  explained. 

When  a  solution  of  sodium  ethylate,  C^HgONa,  in  anhydrous  alcohol,  ob- 
tained by  dissolving  sodium  to  saturation  in  that  liquid,  is  mixed  with  ethyl 
iodide,  double  decomposition  takes  place,  resulting  in  the  formation  of  so- 
(liam  iodide  and  ethyl  oxide : 

CjHjONa    -f-     CjHjI     =     Nal     -f     C^U^{OCjUfi), 

The  result  would  be  the  same  if  chloride  or  bromide  of  ethyl  were  substi- 
tuted for  the  iodide:  moreover,  when  methyl  iodide  is  added,  instead 
of  the  ethyl  iodide,  an  oxygen  ether  is  formed  containing  both  ethyl  and 
methyl : 

CjHjONa      -f      CH,I    =      Nal       +       C^TIgOCH,. 
Sodium  eihylate.         Methyl  Methyl-eihyl 

iodide.  ether. 

In  each  case  the  reaction  consists  in  an  interchange  between  the  sodium 
and  the  alcohol-radical. 

Now,  when  alcohol  is  heated  with  strong  sulphuric  acid,  the  first  result 
is  the  formation  of  ethylsulphuric  acid,  S02(OC2H5)OH,  by  substitution  of 
ethyl  for  hydrogen  in  the  acid : 

SO,(OH)(OH)    +    CaH,(OH)    =    H(OH)    -f    S0,(0C,H5)(0H); 
Sulphuric  Alcohol.  Water.  Ethylsulphuric 

acid.  acid. 

and  when  the  ethylsulphuric  acid  thus  formed  is  brought  in  contact,  at  a 
certain  temperature,  with  a  fresh  portion  of  alcohol,  the  reverse  sub- 
stitution takes  place,  resulting  in  the  formation  of  ethyl  oxide  and  sulphu- 
ric acid : 

SO,(OC,H,)(OH)    +    C,H5(0H)    =    C,H.(OC,H,)    +    SO.fOH), 
Ethylsulphuric  Alcohol.  Ether.  Sulphuric 

acid.  acid. 

The  sulphuric  acid  is  thus  reproduced  in  its  original  state,  nnd  if  the  sup- 
ply of  alcohol  be  kept  up,  and  the  temperature  maintained  within  certain 
limits,  the  same  series  of  actions  is  continually  repeated,  and  ether  and 
water  distil  over  together.  - 
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The  most  favorable  temperature  for  ether ification  is  between  127^  and 
164'*  C.  (260°  and  310°  F.);  below  127°  very  little  ether  is  prodaeed,  and 
above  164°  a  diflferent  reaction  takes  place,  resulting  in  the  formation  of 
defiant  gas.  The  maintenance  of  the  temperature  within  the  ether-pro- 
ducing limits  is  best  effected  by  boiling  the  mixture  of  sulphuric  acid  and 
alcohol  in  a  flask  into  which  a  further  quantity  of  alcohol  is  supplied  in  a 
continuous  and  regulated  stream.  This  is  called  the  eontinuout  ether  process. 

A  wide-necked  flask  is  fitted  with  a  sound  cork,  perforated  by  three 
apertures,  one  of  which  is  destined  to  receive  a  thermometer  with  the  grad- 
uation on  the  stem ;  a  second,  a  vertical  portion  of  a  long,  narrow  tub«, 
terminating  in  an  orifice  of  about  ^  of  an  inch  in  diameter ;  and  the  third. 

Fig.  IW.* 


a  wide  bent  tube,  connected  with  the  condenser,  to  carry  off  the  volatilised 
products.  A  mixture  is  made  of  8  parts  by  weight  of  concentrated  sul- 
phuric acid,  and  5  parts  of  rectified  spirit  of  wine,  of  about  0*834  sp.  gr* 
This  is  introduced  into  the  flask,  and  heated  by  a  lamp.  The  liquid  soon 
boils,  and  the  thermometer  very  shortly  indicates  a  temperature  of  HO^ 
C.  (284°  F.).  When  this  happens,  alcohol  of  the  above  density  is  suffered 
slowly  to  enter  by  the  narrow  tube,  which  is  put  into  communication  with 
a  reservoir  of  that  liquid,  consisting  of  a  large  bottle  perforated  by  a  hole 

•  Pig.  101.  App;4ri<tu«i  for  the  preparaMon  of  other,  o.  TlaMk  for  conttiinioj^  the  mlxtow 
of  oil  of  vitriol  Hiul  Mloohol.  h.  Re«ervi»lr  with  Htopci>ck,  for  siippljringii  constant  »tw*njof 
alcohol,  c.  Willi*  ln-nt  tube  conne«;te<l  with  the  condenser  for  conveying  amray  tli«  Tapow.  A 
The  thermometer  for  regtilatlng  the  temperature  of  the  boiling  liquid. 
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near  the  bottom,  and  furnished  with  a  small  brass  stopcock  fitted  by  a 
cork.  The  stopcock  is  secured  to  the  end  of  the  long  tube  by  a  caoutchouc 
connector.  As  the  tube  passes  nearly  to  the  bottom  of  the  flask,  the  al- 
cohol geta  thoroughly  mixed  with  the  acid  liquid,  the  hydrostatic  pressure 
of  the  fluid  column  being  sufficient  to  insure  the  regularity  of  the  flow ;  the 
quantity  is  easily  adjusted  by  the  aid  of  the  stopcock.  For  condensation 
a  Liebig's  condenser  may  be  used,  supplied  with  ice*  water.  The  arrange- 
ment is  shown  in  figure  191. 

The  intensity  of  the  heat,  and  the  supply  of  alcohol,  must  be  so  adjusted 
that  the  thermometer  may  remain  at  140^  CL  (284*^  F.),  or  as  near  that  tem- 
perature as  possible,  while  the  contents  of  the  flask  are  maintained  in  a  stat« 
of  rapid  and  violent  ebullition  —  a  point  of  essential  importance.  Ether  and 
water  distil  oTer  together,  and  collect  in  the  receiTer,  forming  two  distinct 
strata :  the  mixture  slowly  blackens,  from  some  slight  secondary  action  of 
the  acid  upon  the  spirit,  or  upon  the  impurities  in  the  latter,  but  retains, 
afi«r  many  hours'  ebullition,  its  etherifying  powers  unimpaired.  The  acid, 
howeyer,  slowly  Tolatilizes,  partly  in  the  state  of  oil  of  wine^  and  the  quantity 
of  liquid  in  the  flask  is  found,  after  the  lapse  of  a  considerable  interval, 
sensibly  diminished.  The  loss  of  acid  constitutes  the  only  limit  to  the 
duration  of  the  process,  which  might  otherwise  be  continued  indefinitely. 

On  the  large  scale,  the  flask  may  be  replaced  by  a  vessel  of  lead,  the 
tubes  being  also  of  the  same  metal:  the  stem  of  the  thermometer  may  be 
made  to  pass  air  tight  through  the  cover,  and  heat  may  perhaps  be  advan- 
tageously applied  by  high-pressure  steam,  or  hot  oil,  circulating  in  a  spiral 
tube  of  metal  immersed  in  the  mixture  of  acid  and  spirit. 

The  crude  ether  is  to  be  separated  from  the  water  on  which  it  floats, 
agitated  with  a  little  solution  of  caustic  potash,  and  re-distilled  by  the  heat 
of  warm  water.  The  aqueous  portion,  treated  with  an  alkaline  solution, 
and  distilled,  yields  alcohol  containing  a  little  ether.  Sometimes  the  spon- 
taneous separation  before  mentioned  does  not  occur,  from  the  accidental 
presence  of  a  larger  quantity  than  usual  of  undecomposed  alcohol;  the 
addition  of  a  little  water,  however,  always  suffices  to  determine  it. 

Pure  ethylic  ether  is  a  colorless  transparent,  fragrant  liquid,  very  thin 
and  mobile.  Its  sp.  gr.  at  15-5®  is  about  0-720;  it  boils  at  35-6®  C.  (96®  F.) 
under  the  pressure  of  the  atmosphere,  and  bears  without  freezing  the 
severest  cold.  When  dropped  on  the  hand  it  occasions  a  sharp  sensation 
of  cold,  from  its  rapid  volatilization.  Ether  is  very  combustible,  and  burns 
with  a  white  flame,  generating  water  and  carbon  dioxide.  Although  the 
substance  itself  is  one  of  the  lightest  of  liquids,  its  vapor  is  very  heavy, 
having  a  density  of  2  586  (referred  to  air).  Mixed  with  oxygen  gas,  and 
fired  by  the  electric  spark,  or  otherwise,  it  explodes  with  the  utmost  vio- 
lence. Preserved  in  an  imperfectly  stopped  vessel,  ether  absorbs  oxygen, 
and  becomes  acid  from  the  production  of  acetic  acid:  this  attraction  for 
oxygen  is  increased  by  elevation  of  temperature.  It  is  decomposed  by 
transmission  through  a  red-hot  tube  into  ethene,  methane,  aldehyde,  and 
ethine,  and  two  substances  yet  to  be  described. 

Ether  is  miscible  with  alcohol  in  all  proportions,  but  not  with  water;  it 
dissolves  to  a  small  extent  in  that  liquid,  10  parts  of  water  taking  up  about 
1  p:irt  of  ether.  It  may  be  separated  from  alcohol,  provided  the  quantity 
of  the  latter  is  not  excessive,  by  addition  of  water,  and  in  this  manner 
samples  of  commercial  ether  may  be  conveniently  examined.  Ether  dis- 
solves oily  and  fatty  substances  generally,  and  phosphorus  to  a  small  extent, 
al»o  a  few  saline  compounds  and  some  organic  principles ;  but  its  powers 
in  this  respect  are  much  more  limited  than  those  of  alcohol  or  water. 

Anhydrous  ether,  subjected  to  the  action  of  chlorine,  yields  the  three  sub- 
stiitation-products  CiHgCl^O,  C^HjCl/),  and  C^CljoO,  the  first  two  of  which 
are  liquids,  while  the  third,  produced  by  the  prolonged  action  of  chlorine 
on  ether  in  sunshine,  is  a  crystalline  solid.     The  second  chlorine  compound 
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18  conTerted  by  hydrogen  sulphide  into  the  two  crystalline  corapoonds 
C4HeClgS0  and  C^H^S^O 

Kihyi-meikyl  oxide,  EthyUfntikyl  ether.  Ethyl  methylate,  or  Methyl  eihyUU, 
CsHgO  =  C2H5OCH,,  is  produced,  as  already  mentioned,  by  the  action  of 
methyl  iodide  on  potassium  ethylate,  or  of  ethyl  iodide  on  pota-osinm  me- 
thy  late.     It  is  a  very  inflammable  liquid,  boiling  at  11^  C.  (52®  F.}. 

Bthyl  Hitrate.  C,HjNOg,  or  Cfifi^O^— Nitric  cM«r.— When  nitric  acid  is 
heated  with  alcohol  uloue,  part  of  the  alcohol  is  oxidised,  and  the  nitric 
acid  is  reduced  to  nitrous  acid,  which,  with  the  remainder  of  the  alcobol 
forms  ethyl  nitrite,  CgH^NO,,  together  with  other  products;  but  by  adding 
urea  to  the  liquid,  which  decomposes  the  nitrous  acid  as  fast  as  it  is  fononi, 
thiM  action  may  be  prevented,  and  the  alcohol  and  nitric  acid  then  form 
ethyl  nitrate.  The  experiment  is  most  safely  conducted  on  a  small  scale, 
and  the  distillation  must  be  stopped  when  seyen-eighths  of  the  whole  have 
passed  over;  a  little  water  added  to  the  distilled  product  separates  the 
nitric  ether.  Nitric  ether  has  a  density  of  1'112',  it  is  insoluble  in  water, 
has  an  agreeable  sweet  taste  and  odor,  and  is  not  decomposed  by  an  aqueous 
solution  of  caustic  potash,  although  that  substance  dissoWed  in  alcohol 
attacks  it  even  in  the  cold,  with  production  of  potassium  nitrate.  Iti 
vapor  is  apt  to  explode  when  strongly  heated. 

Ethyl  Nitbite,  C^HjONO. — Nitrow  ethfr. — Pure  nitrous  ether  can  only 
be  obtained  by  the  direct  action  of  the  acid  itself  upon  alcohol.  1  part  of 
starch  and  10  parts  of  nitric  acid  are  gently  heated  in  a  capacious  retort 
or  flask,  and  the  vapor  of  nitric  acid  thereby  evolved  is  conducted  into 
alcohol  mixed  with  half  its  weight  of  water,  contained  in  a  two-Decke«l 
bottle,  which  is  to  be  plunged  into  cold  water  and  connected  with  a  good 
condensing  arrangement.  All  elevation  of  temperature  must  be  carefully 
avoided.  The  product  of  this  operation  is  a  pale-yellow  volatile  liquid, 
having  an  exceedingly  agreeable  odor  of  apples:  it  boils  at  16*4®  C.  (61°  F.), 
and  has  a  density  of  0*947.  It  is  decomposed  by  potash,  without  darkening, 
into  potassium  nitrite  and  alcohol. 

Nitrous  ether,  but  contaminated  with  aldehyde,  may  be  prepared  bj  the 
following  simple  method.  Into  a  tall  cylindrical  bottle  or  jar  are  to  be  in- 
troduced successively  9  parts  of  alcohol  of  sp  gr.  0  830,  4  parts  of  water, 
and  8  parts  of  strong  fuming  nitric  acid;  the  two  latter  are  added  by 
means  of  a  long  funnel  with  a  very  narrow  orifice,  reaching  to  the  bottom 
of  the  bottle,  so  that  the  contents  may  form  three  distinct  strata,  wbich 
slowly  mix  from  the  solution  of  the  liquids  in  each  other.  The  bottle  is 
then  loosely  stopped,  and  left  two  or  three  days  in  a  cool  place,  after  which 
it  is  found  to  contain  two  layers  of  liquid,  of  which  the  uppermost  is  nitrous 
ether.  It  is  purified  by  rectification.  A  somewhat  similar  product  may  he 
obtained  by  carefully  distilling  a  mixture  of  3  parts  rectified  spirit  and  2 
of  nitric  acid  of  1-28  sp.  gr. :  the  fire  must  be  withdrawn  as  soon  as  the 
liquid  boils. 

The  sweet  spirits  of  nitre  of  pharmacy,  prepared  by  distilling  three  pounds 
of  alcohol  with  four  ounces  of  nitric  acid,  is  a  solution  of  nitrous  ether, 
aldehyde,  and  perhaps  other  substances,  in  spirits  of  wine. 

Ethyl  Snlphates. — There  are  two  of  these  ethers,  corresponding  to  the 
methyl  sulphates. 

Acid  Ethyl  sulphate,  Ethylavlphurie  acid  or  Sulphovinic  add,  C,H,SO^- 
C2H50S05H=SOj(OC2H5)(()'H)=S04(C2H5)H,  which  has  the  coniposiliou  of 
sulphuric  acid,  80411,,  with  half  the  hydrogen  replaced  by  ethyl,  is 
formed  by  the  action  of  sulphuric  acid  upon  alcohol.  To  prepare  it,  strong 
rectified  spirit  of  wine  is  mixed  with  twice  its  weight  of  concentrated  sul- 
phuric acid ;  the  mixture  is  heated  to  its  boiling  point,  and  then  left  to  cool 
When  cold,  it  is  diluted  with  a  large  qiiantity  of  water,  and  neutralised 
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with  chalk,  whereby  much  calcium  sulphate  is  produced.  The  mass  is 
placed  upon  a  cloth  tilter,  drained,  and  pressed;  and  the  clear  solution  is 
evaporated  to  a  small  bulk  by  the  heat  of  a  wattr-bnth,  filtered  from  a 
little  sulphate,  and  left  to  crystallize:  the  product  is  calcium  ethyUulphate^ 
ia  beautiful,  colorless,  transparent  crystal^  containing  {fiO^^{il^\\^)^ti^^. 
20H,  They  dissolve  in  an  equal  weight  of  cold  water,  and  etnoresce  in  a 
dry  atmosphere. 

'Barium  etkyUulphate,  (^0^^(Q^^^)^a''  .  2011^  equally  soluble,  and  still 
more  beautiful,  may  be  produced  by  substituting,  in  the  above  process, 
b:irium  carbonate  for  chalk :  from  this  substance  the  acid  may  be  procured 
by  exactly  precipitating  the  base  with  dilute  sulphuric  acid,  and  evaporat- 
ing the  filtered  solution  in  a  vacuum  at  the  temperature  of  the  air.  It 
forms  a  sour,  syrupy  liquid,  in  which  sulphuric  acid  cannot  be  recognized 
by  the  ordinary  reagents,  and  is  very  easily  decomposed  by  heat,  and  even 
by  long  exposure  in  the  vacuum  of  the  air-pump.  All  the  ethylsulphates 
are  soluble;  the  solutions  are  decomposed  by  ebullition.  The  lead-salt  re- 
sembles the  barium-compound.  The  potatsium  salt,  S04(C2Hj)K — easily 
made  by  decomposing  calcium  ethylsulphate  with  potassium  carbonate — is 
anhydrous,  permanent  in  the  air,  very  soluble,  and  crystallizes  well. 

Potassium  ethylsulphate  distilled  with  concentrated  sulphuric  acid,  gives 
ether;  with  dilute  sulphuric  acid,  alcohol;  and  with  strong  acetic  acid, 
acetic  ether.  The  ethylsulphates  heated  with  calcium  or  barium  hydrate, 
yield  a  sulphate  of  the  base  and  alcohol. 

Jietkionic  acid,  C^H^SO^,  an  acid  isomeric  with  ethylsulphuric  acid,  is  ob- 
tained, as  already  observed,  by  boiling  ethionio  acid  (p.  618)  with  water; 
h\*o  by  the  prolonged  action  of  strong  sulphuric  acid  or  sulphuric  oxide  on 
alcohol  or  ether,  and  is  found  among  the  residues  of  the  preparation  of 
ether.  It  is  a  viscid,  strongly  acid  liquid,  which  decomposes  acetates  and 
common  salt,  bears  without  decomposition  a  heat  of  150°  C.  (302*^  F.),  but 
blackens  at  a  higher  temperature. 

The  metallic  isethionates  are  soluble  and  crystallizable,  and  are  distin- 
guished from  the  ethylsulphates,  with  which  they  are  isomeric,  by  their 
much  greater  stability,  most  of  them  sustaining,  without  alteration,  a  tem- 
perature of  200°  C.  (392°  ¥X 

Potassium  isethionate,  CjHgKSi^.  distilled  with  phosphorus  pentaohlo- 
ride,  yields  uethianie  chloride,  CjH^SO^Cl,;  and  this  compound,  heated  in 
sealed  tubes  with  ammonia,  is  converted  into  taurin,  a  neutral  crystallizable 
substance  likewise  obtained  from  bile: 

OjH^SOjCl,    +     NH,    -f     OH,    =r    2HC1     -f     CjTI^NSO,. 
Isethionic  Taurin. 

chloride. 

Taurin,  treated  with  nitrous  acid,  is  reconverted  into  isethionic  acid. 

Neutral  Ethyl  itdphate,  ^O^iCfi^)^  or  SO.j(OC2H5)2t  is  formed  by  passing 
the  vapor  of  sulphuric  oxide  into  perfectly  anhydrous  ether.  A  syrupy 
liquid  is  produced,  which,  when  shaken  with  4  vols,  of  water  and  1  vol.  of 
ether,  separates  into  two  layers,  the  lower  containing  ethylsulphuric  acid 
and  various  other  compounds,  while  the  upper  layer  consists  of  an  ethereal 
solution  of  neutral  ethyl  sulphate.  At  a  gentle  heat  the  ether  is  volatilized, 
and  the  ethyl  sulphate  remains  as  a  colorless  liquid.  It  cannot  be  distilled 
without  decomposition. 

Sthyl  Solphites. — The  add  sulphite,  or  Ethylsulphurous  acid,  803(0,115) H, 
is  produced  by  the  action  of  nitric  acid  on  eth}l  sulphhydrate  or  sulpho- 
cyanate.  When  concentrated  by  evaporation  it  is  a  heavy  oil  of  specific 
gravity  1  -80.  It  is  a  monobasic  acid,  forming  crystallizable  salts,  which 
decompose  when  heated,  giving  otf  sulphurous  oxide. — Neutral  Ethyl  sul- 
phite, ^Of{Cfi^)^  is  obtained  by  adding  absolute  alcohol  in  excess  to  chlorine 
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bisulphide  (p.  203).  Hydrochloric  acid  is  evolved,  and  sulphur  depofited, 
while  the  ethyl  sulphite  distil?  a:*  a  limpid  strongly -smelling  liquid,  of  ep. 
gr.  1*085,  boiling  at  170®;  it  is  slowly  decomposed  by  water. 

Ethyl  Phoaphates. — Three  ethyl  orthophosphates  have  been  obtained, 
two  acid  and  one  neutral,  analogous  in  composition  to  the  sodium  pLos- 
phates;  also  a  neutral  pyrophosphate. 

Monelhylie  phogphaie,  or  Ethylphotphorie  acid,  TO^iC^B^iTlp  or  (PC)''' 
(OC,Uf  )(0H),,  also  called  Phosphovinic  acid.  This  acid  is  bibaaic.  Its  barium 
salt  is  prepared  by  heating  to  82°  C.  HHO®  F.)  a  mixture  of  equal  weights  of 
strong  alcohol  and  syrupy  phosphoric  acid,  diluting  this  mixture,  after  ibe 
lapse  of  24  hours,  with  water,  and  neutralizing  with  barium  carbonate. 
The  solution  of  ethylphosphatc,  separated  by  filtration  from  the  insoluble 
phosphate,  is  evaporated  at  a  moderate  temperature.  The  salt  crystallizes 
in  brilliant  hexagonal  plates,  which  have  a  pearly  lustre,  and  are  more 
soluble  in  cold  than  in  hot  water;  it  dissolves  in  15  parts  of  water  at  20° 
C.  (68°  F.).  The  crystals  contain  P04(C,H,)Ba''^.  60H,.  From  this  salt 
the  acid  may  be  obtained  by  precipitating  the  b;irium  with  dilute  sulphuric 
acid,  and  evaporating  the  filtered  liquid  in  the  vacuum  of  the  air-pump:  it 
forms  a  colorless,  syrupy  liquid,  of  intensely  sour  taste,  sometimes  exhibit- 
ing appearances  of  crystallization.  It  is  very  soluble  in  water,  alcohol, 
and  ether,  and  easily  decomposed  by  heat  when  in  a  concentrated  state. 
The  ethylphosphates  of  calcium,  silver,  and  lead  possess  but  little  solubil- 
ity; those  of  the  alkali-metals,  magnesium,  and  strontium,  are  freely 
soluble. 

Diethylic  phosphate^  or  Diethylphotphoric  add,  ^0^(C^B^)^X{,  or  (PC)'" 
(OjC2Hj}j(OH),  is  a  monobasic  acid,  obtained,  together  with  the  preceding, 
by  the  action  of  syrupy  phosphoric  acid  upon  alcohol.  Its  barium,  siWer. 
and  lead-salts  are  more  soluble  than  the  methylphospbntes.  The  calcium 
salt,  (P04),(C,Hj)^Ca'^  and  the  lead-ealt,  (P04)3(C,H5),Pb''.  are  anhydrous. 

Triethylic phoifpkaie,  P04(C,H5)3,  or  (P0)^'''( 00,11,),,  is  obtained  in  Email 
quantity  by  heating  the  lead-salt  of  aicthylphosphoric  acid  to  100°,  more 
easily  by  the  action  of  ethyl-iodide  on  triargentic  phosphate,  or  of  phos- 
phorus oxychloride  on  sodium  ethylatc: 

aCjHgONa    +     (P0)^^^Cl3    =    SNaCl    +     fP0)'''(0C,H5V 

It  is  a  limpid  liquid  of  sp.  gr.  1072  at  12o  C.  (54«  F.),  boiling  at  215'>C. 
(129®  F.),  soluble  in  alcohol  and  ether,  and  also  in  water,  by  which  how* 
ever  it  is  slowly  decomposed. 

Tetrethylie  Pyrophosphate,  ^fivS^fls^.A^  produced  by  the  action  of  ethyl 
iodide  on  argentic  pyrophosphate,  is  a  viscid  liquid  of  sp  gr.  1*172  it  17* 
C.  (G3°  F.),  decomposed  by  potash,  with  formation  of  potassium  diethyl- 
phosphate. 

Ethyl  Borates.  —  Three  of  these  ethers  are  known,  Tix. : 

Triethylio  borate  .         (C2H5)3BO,, 

Monethylic  borate        .  CjIlgBO,, 

Triethylie  borate  is  formed  by  the  action  of  boron  trichloride  on  alcohol : 
8C5,Il5(0H)     -f     BClj    =    3HCI    -f     (CaH,),B0,. 

It  is  a  thin  limpid  liquid,  of  agreeable  odor»  sp.  gr.  0-885,  boiling  at 
119*>  C.  (246°  F),  decomposed  by  water.  Its  alcoholic  solution  burns  with 
a  fine  green  flame,  throwing  oS  a  thick  smoke  of  boric  acid. 

Monethylic  borate,  CjHgBOj,  is  formed,  with  separation  of  boric  acid,  by 
the  action  of  alcohol  on  the  anhydroborate : 

2C,H5B02 .  B,05    -I-     CjHj(OH)     =     HBO,    +     8C,H,B0,. 
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It  is  &  colorless,  mobile  liquid,  resembling  trietbylic  borate.  The  anhy- 
drobvraU^  2C,HgB0, .  B^O,,  is  formed  by  tbe  action  of  boric  oxide  on  an 
equal  weight  of  anhydrous  alcohol,  and  may  be  obtained  by  concentration, 
in  the  form  of  a  viscid  liquid,  which  solidifies  at  300''  C.  (672<>F.j,  giving 
off  alcohol  vapor  and  etheue  gas,  and  leaving  boric  oxide. 

Miyl  Silicates.  —  TetrethyUe  silieaie,  (C,H5)^Si04,  or  Si"(0C,H5)..  is  pro- 
duced by  treating  silicic  chloride  with  a  small  quantity  of  anhydrous  al- 
cohol: 

4C,H50H     -f    SiCl4    =    4HC1    +    Si(OC,H5)4. 

It  is  a  colorless  liquid,  having  a  rather  pleasant  ethereal  odor,  and  strong 
peppery  t^ste;  sp  gr.  0*993  at  20®.  It  boils  without  decomposition  be- 
tween 166®  and  160®  C.  (829®-330®  F.),  and  when  set  on  fire  burns  with  a 
dazzling  flame,  diffusing  a  white  smoke  of  finely  divided  silica.  It  is  de- 
composed slowly  by  water,  quickly  by  ammonia  and  the  fixed  alkalies. 

DiethyUe  tUicate,  {Q^^^)^10^,  or  (SiO)^^(OC2H5)j,  is  produced,  according 
to  Ebelmen,*  by  the  action  of  silicic  chloride  on  aqueous  alcohol: 

2C,H50H    -f    OH,    +    SiCl^    »    4HC1    -f    (SiO)(OC,H,)r 

It  is  a  colorless  liquid,  of  sp.  gr.  I  -079,  boiling  at  860®  C  (662®  F  ),  decomposed 
by  water,  with  separation  of  silica.  On  distilling  it  with  a  small  quantity  of 
aqueous  alcohol,  a  liquid  remains  in  the  retort  consisting  of  diethylic  di- 
siUcate,  (C,H5);Si,0j,  or  (aH5),SiOs .  SiO,. 

Hexethylie  dUUieaU,  {Cja^)^'^'\fij,  or  O^C-Hj^^SiO^ .  2SiO,.  —  Friedel  and 
Crafts* were  not  able  to  obtain  the  two  ethylic  silicates  last  mentioned; 
but  having  prepared  a  considerable  quantity  of  tetrethylic  silicate  with  al- 
cohol that  was  not  quite  anhydrous,  they  found  that  the  greater  part  of  the 
product  distilled  over  toward  240®,  and  that  it  was  not  possible,  by  distil- 
lation nnder  the  ordinary  atmospheric  pressure,  to  obtain  a  product  of 
definite  boiling  point.  By  distillation  in  a  vacuum,  however  (under  a  pres- 
sure of  3  to  6  millimetres),  they  obtained,  after  eight  fractionations,  a  pro- 
duct boiling  between  126®  and  130®  C.  (257®-266®  F.),  and  having  the  com- 
position of  tuxetkylic  disilicaU,  This  ether  is  a  slightly  oily  liquid,  having 
a  rather  fragrant  odor,  like  that  of  tetrethylic  silicate,  and  a  specific  grav- 
ity of  1  0196  at  0®. 

Silicic  ethers  cont-aining  ethyl  and  methyl,  and  ethyl  and  amyl,  have 
likewise  been  obtained. 

The  ethylic  ethers  of  organic  acids  (carbon  acids)  will  be  described  in 
connection  with  those  acids. 

Ethyl  Sulph-hydrate,  or  Hereaptan.  CJT^SH  — This  compound,  the  sul- 
phur analogue  of  ethyl  alcohol,  is  produced  analogously  to  methyl 
Bulph-hydrate  (p.  616),  by  the  action  of  potassium  sulph-hydrate  on  cal- 
cium ethylsulphate.  A  solution  of  caustic  potash  of  sp.  gr.  1-28  or  1*3,  in 
saturated  with  sulphuretted  hydrogen,  and  mixed  in  a  retort  with  an  equal 
volume  of  solution  of  calcium  ethylsulphate  of  the  same  density.  The  re- 
tort is  connected  with  a  good  condenser,  and  heat  is  applied  by  means  of  a 
bath  of  salt  and  water.  Mercaptan  and  water  distil  over  together,  and 
are  easily  separated  by  a  tap-funnel.  The  product  thus  obtained  is  a 
colorless,  limpid  liquid,  of  sp.  gr.  0-842,  but  slightly  soluble  in  water,  easily 
miscible,  on  the  contrary,  with  alcohol.  It  boils  at  36®  C.  (96®  F.).  The 
vapor  of  mercaptun  has  a  most  intolerable  odor  of  onions,  which  adheres 
to  the  clothes  and  person  with  great  obstinacy:  it  is  very  inflammable,  and 
burns  with  a  blue  flame. 

When  mercaptan  is  brought  into  contact  with  mercuric  oxide,  even  in 

•  Ann.  Chim.  Phy*.  [3]  xvl.  144.  f  Ann.  Chlm.  Phyi.  [4]  ix.  6. 
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the  cold,  Tiolent  reaction  ensues,  water  is  formed,  and  a  white  snbiianec  it) 
produced,  soluble  in  alcohol,  and  separating  from  that  liquid  in  digtinct 
crystals  which  contain  {C^H^)^fig^^.  This  compound  is  decomposed  br 
sulphuretted  hydrogen*  mercuric  sulphide  being  thrown  down,  and  mer- 
captan  reproduced.  Bj  adding  solutions  of  lead,  copper,  silver,  and  goVJ 
to  an  alcoholic  solution  of  mercaptan,  corresponding  compounds  containing 
those  metals  are  formed.  Caustic  potash  produces  no  effect  upon  mercap- 
tan, but  potassium  displaces  hydrogen,  and  gires  rise  to  a  crystaQizable 
compound,  C^H^SK,  soluble  in  water.     Sodium  acts  in  a  similar  manner. 

Ethyl  Sulphides.  —  Three  of  these  compounds  have  been  obtained,  anilo- 
gous  in  composition  to  the  methyl  sulphides,  and  produced  by  simiUr  re- 
actions. The  monoiulphide^  (QJA^^^  or  C^HsSC^H^,  is  a  colorless  oily  liquid, 
having  a  very  pungent  alliaceous  odor,  a  specific  gravity  of  0*825  at  20^ C. 
(68<»  F.),  and  boiling  at  12^  C.  (162<»  F.).  It  is  very  inflammable,  and  burns 
with  a  blue  flame.  When  poured  into  chlorine  gas,  it  takes  fire ;  but  when 
dry  chlorine  is  passed  into  a  flask  containing  it,  not  at  first  into  the  liquid, 
the  vessel  being  kept  cool  and  in  the  shade,  substitution-products  are 
formed  and  hydrochloric  acid  is  copiously  evolved.  The  product  consisu 
cbiefly  of  diehlorethylie  sulphide^  (C^H^Cl)^.  If  the  action  takes  place  io 
difi'used  daylight,  and  without  external  cooling,  the  compounds  (C^HjCIiif^ 
and  (C2HCl4)^  are  obtained,  which  may  be  separated  by  fractional  distil- 
lation, the  first  boiling  between  189°  and  192*>  C  {n2?-Z7S°  F.).  the  second 
between  217°  and  222°  C.  (423-432°  F.).  The  action  of  chlorine  on  ethjl 
sulphide  in  sunshine  yields  a  more  highly  chlorinated  compound,  probably 
(C.C1,)^. 

Ethyl  bisulphide,  (0^^^)^^,  obtained  by  distilling  potassium  bisulphide 
with  potassium  ethylsulphate  or  with  ethyl  oxalate,  is  a  colorless  oUy  liquid, 
very  inflammable,  boiling  at  161°  C.  (302°  F.).  The  (risulphide,  (C,Hs)jS,. 
is  a  heavy  oily  liquid,  obtained  by  acting  in  like  manner  on  potasaium 
pentasulphide. 

Triethylsnlphnroas  Compounds.* — When  ethyl  monosulphide  and  etbyl 
iodide  are  heated  together,  they  unite  and  form  ttulphurout  iodotriethid?. 
(C,Hg)jS .  CjHgl,  or  S''(C»Hj)jl,  which  crystalliies  in  needles.  The  game 
compound  is  formed  by  the  action  of  ethyl  iodide  on  ethyl  sulph  hydrate: 

2C,H5[        +        CJIgSH        =        HI        +        S(e,H,),I, 

or  of  hydrogen  iodide  on  ethyl  monosulphide : 

HI        +        ^(Cglls),^        =        C^n^SH        4-        S(C,H,),I. 

Sulphurous  iodotriethide  is  insoluble  in  ether,  slightly  soluble  in  alcohol  and 
crystallizes  from  the  solution  in  white  deliquescent  needles  belonging  to  the 
monoclinic  system.     It  unites  with  metallic  chlorides. 

Ethyl  chloride  and  ethyl  bromide  unite  in  like  manner,  but  less  readily. 
with  ethyl  sulphide,  forming  the  compounds  S(C2H^)3Cl  and  S(C,Hf)|Br, 
both  of  which  crystallize  in  needles. 

By  treating  the  iodine  compound  with  recently  precipitated  silver  oxide, 
a  strongly  alkaline  solution  is  obtained,  which  dries  up  over  oil  of  vitriol 
to  a  crystalline  deliquescent  mass,  consisting  of  sulphurous  trieihyUhydrory- 
late,  (CjjHj^jSiOH).  The  solution  of  this  substance  dissolves  the  skin  like 
caustic  potnsh,  and  forms  similar  precipitates  with  various  metallic  salts. 
It  neutralizes  acids,  forming  definite  cry st alii zable  salts,  «.y.,  the  nitraU, 
(C2H»)sS0N0,.  the  acetate  (Q^\\s)M^^t^h^)^  &c- 

The  formulas  of  these  compounds  show  that  sulphur  is  at  least  quadri- 
valent (p.  237). 

•  A.  ixm  Oejrelty   Chom.  Soc.  Jonrnal,  xril.  108.     OtAours,  Ann.  Ch.  Pharm.  cxnr.  S52; 
cxzxvi.  161.    IMin,  Anu.  Cli.  Pbarni.  Suppl.  ir.  83. 
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It  Ilm  already  been  observed  that  the  three-carbon  alcohol,  C,HgO,  is 
susceptible  of  two  isomeric  modifications,  namely : 

CH, 
rCH,CH,  I 

Normal  Propyl  alcohol       C  -{  H.  or     CH,  thus 

loa  I 

CHjOH 

f  CH,  H.C  CH, 

Liopropyl  alcohol  ^  ^  H  *        ^^  V 

(oh  hcoh 

each  of  which  may  giye  rise  to  a  corresponding  set  of  ethers  and  other 
deriTatiyes.  The  normal  propyl  compounds,  however,  are  but  little  known. 
Done  of  them  having  yet  been  prepared  synthetically,  except  propylamine 
and  propyl  cyanide,  to  be  afterwards  considered.  Chancel,  in  1853,  by 
objecting  the  fusel-oil  of  marc  brandy,  prepared  in  the  south  of  France, 
to  fractional  distillation,  obtained  a  number  of  alcohols,  among  which  was 
one  to  which  he  assigned  the  composition  C^HgO;  this  has  usually  been 
regarded  as  normal  propyl  alcohol,  but  it  was  not  obtained  pure,  and  is 
altogether  very  little  known. 

Isopropyl  Aleohol,  CFI(CH3),0H  — This  alcohol  is  prepared:  1.  From 
acetone,  (CO)^'(CHj)-,  by  direct  addition  of  hydrogen,  evolved  by  the 
action  of  water  on  sodium  amalgam: 

Hi|C  CHj  H.C  CH, 

V  -f         H,        =.  .   V 

CO  HCOH 

Acetone.  Isopropyl 

alcohol. 

This  mode  of  synthesis  affords  direct  proof  of  the  constitution  of  iso- 
pTopylic  alcohol,  the  addition  of  the  two  hydrogen- atoms  being  tantamount 
to  the  replacement  of  the  bivalent  radical  oxygen  by  the  two  monad  radi* 
eals,  hydrogen  and  bydroxyl. 

2.  Isopropyl  iodide  is  prepared  by  the  action  of  iodine  and  phosphorus 
on  glycerin ;  this  iodide  is  easily  converted  into  the  oxalate  or  acetate  by 
treatment  with  silver  oxalate  or  acetate ;  and  from  either  of  these  ethers 
the  alcohol  may  be  obtained  by  distillation  with  potash  or  soda. 

Isopropyl  alcohol  is  a  colorless,  not  very  mobile  liquid,  having  a  peculiar 
(Hlor,  a  specific  gravity  of  0  791  at  16«  C.  (60«  F.),  boiling  at  83<»  to  84*»  C. 
(I81M83**F.),  under  a  barometric  pressure  of  739  millimetres,  not  freeiing 
at  20*.  It  does  not  act  on  polarized  light.  It  is  very  difficult  to  dry,  as  it 
mixes  with  water  in  nil  proportions,  and  forms*  with  it  three  definite  and 
Tery  stable  hydrates,  viz.,  3C,H80.20Hy  boiling  at  78«-80°  C.  (172«-176« 
F);  2C3H,O.OH^  boiling  at  80^;  and  SCjHgO.OH,,  boiling  at  81°.  The 
second  of  these  hydrates  exhibits  a  very  close  resemblance  to  ethyl  alcohol, 
and  has  the  same  percentage  composition,  boils  at  nearly  the  same  tem- 
perature, and  likewise  yields  acetic  acid  by  oxidation  (see  p.  532) ;  more- 
OTer  it  retains  its  water  of  hydration  so  obstinately,  that  it  does  not  even 
change  the  white  color  of  anhydrous  cupric  sulphate  to  blue.  The  readiest 
mode  of  distinguishing  between  this  hydrate  and  ethyl  alcohol  is  to  submit 
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them  to  the  action  of  iodine  and  phosphorus,  whereby  the  former  is  eon- 
Yerted  into  isopropyl  iodide,  the  Intter  into  ethyl  iodide. 

The  characteristic  property  of  isopropyl  alcohol  is  that  it  yields  acetone 
by  oxidation  with  dilute  chromic  acid,  this  transformation  being  the  reverse 
of  that  by  which  it  is  produced: 

H,C  CH,  H.C  CH. 

V         +  0        =  V  +     OH, 

HCOH  CO 

On  pushing  the  oxidation  further,  the  acetone  breaks  up  into  acetic  leid, 
carbon  dioxide  and  water : 

CO(CHj\    -f    0<    =r    CO(CH,)OH     +    CO,    +    OH, 
Acetone.  Acetic  acid. 

The  OTolution  of  carbon  dioxide  in  this  reaction  affords  a  further  dlstinc' 
tion  between  hydrated  isopropyl  alcohol  and  ethyl  alcohol. 

The  formation  of  a  ketone  by  oxidation  is  the  essential  characteristic  of 
a  secondary  alcohol,  and  is  an  immediate  consequence  of  it-s  structure. 
The  primary  alcohols.  C^  Hfa^-gO,  are  directly  converted  by  oxidation  into 
aldehydes,  C.  H^^O,  and  acids, C.  Hi^O,,  not  into  ketones ;  thus : 

CH,  CH, 

I  +  0  =  OH,  +  I 

CHgOH  H— C=0 

Ethyl  alcohoL  Aldehyde. 

CjH^O  +  0  =  CjH^O, 

Aldehyde.  Acetic  acid. 

Isopropyl  alcohol,  heated  with  acetic  acid,  or  with  potassium  acetate  and 
sulphuric  acid,  is  converted  into  isopropyl  acetate^  CH(CH,),OC,H,0. 

IsoPROPTL  Iodide,  CH(CH,),I,  is  most  conveniently  prepared  by  the  ac- 
tion of  hydriodic  acid,  concentrated  and  in  larger  excess,  on  glycerin 
(propenyl  alcohol)  C,n,0,: 


^8^,0,    +     SHI    =    C,H^I     +     30H,    +     21 


r 


The  iodine,  as  fast  as  it  is  set  free  by  the  reaction,  may  be  reconverted 
into  hydriodic  acid  by  means  of  phosphorus,  and  will  then  be  ready  to 
act  upon  another  portion  of  glycerin.  It  may  also  be  produced  by  the  ac- 
tion of  hydriodic  acid  on  isopropyl  alcohol,  allyl  iodide,  C,H,I,  propene,  or 
propene  alcohol. 

Isopropyl  iodide  is  an  oil  boiling  at  89«-90«  C.  (192'»-194o  F.),  and  baring 
a  specific  gravity  of  1  *70.  With  sodium  in  presence  of  ether  it  yields  pro- 
pene, propane,  and  di-isopropyl,  C,H|^.  Bromine  expels  the  iodine  and 
forms  isopropyl  bromide. 


QUARTYL  OR  BUTYL  ALCOHOLS  AND  ETHERS. 

Theory  indicates  the  existence  of  four  alcohols  included  in  the  formnli 
HjqO,  two  primary,  one  secondary,  and  one  tertiary ;  thus, 
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Primary.  Secondarj.      Tertiary. 


■^ 


CH,             HjCCH,  CH,  H,C1CH, 

CH,                 CH  CH,                   COH 

CH,                 HjCOH  H,COH             CH, 

HjCOH  CH, 

Propyl  carbinol     Isopropyl  Methyl-ethyl  Trimethyl 

carbilfol  oarbinoi          oarbinoL 


{ 


C  H  jC  HjC  H| 
Propyl  OarMaol,  C  •{  H,  . — This  alcohol  is  obtained  from  quartyl 

OH 


chloride,  C^H^Cl  (produced  by  the  action  of  chlorine  or  quartane  or  diethyl, 
^i4^io)>  ^J  heating  that  chloride  with  potassium  acetate  and  strong  acetic 
iicid,  whereby  it  is  converted  into  quartyl  acetate,  and  treating  that  com- 
pound with  barium  hydrate.  The  alcohol  thus  prepared  yields  butyric 
acid  by  oxidation.* 

rCH(CH,), 
Isopropyl  Carbinol,  C  <{  H,  . — This  rariety  of  primary  butyl-alcohol 

was  found  by  Warts  in  the  fusel-oil  obtained  by  fermenting  the  molasses 
of  beet-root  sugar.  To  separate  it,  this  oil  is  submitted  to  fractional  distil- 
lation, and  the  liquid  boiling  between  108°  and  118°  is  repeatedly  rectified 
orer  potassium  hydrate,  till  it  boils  constantly  at  110°  C.  (280°  F.). 

Pure  isopropyl  carbinol  is  a  colorless  liquid,  having  an  odor  somewhat 
like  that  of  amyl  aI<-ohol,  but  less  pungent,  and  more  vinous :  sp.  gr.  ss 
0-8032  at  18*5°  C.  (65°  F.).  It  dissolves  in  10}  times  ito  weight  of  water, 
and  is  separated  therefrom,  as  an  oil,  by  calcium  chloride,  sodium  chloride, 
and  other  soluble  salts.  By  oxidation  it  is  converted  into  butyric  acid, 
C^HgO,.  whence  it  appears  to  be  a  primary  alcohol.  Formerly  also  this  alco- 
hol was  assumed  to  have  the  constitution  represented  by  the  first  of  the  for- 
muliB  above  given ;  in  other  words,  to  consist  of  propyl-carbmolyCU ^{C^ll^)OH. ; 
and  all  the  other  alcohols  of  the  series  produced  by  fermentation  were  sup- 
posed to  be  similarly  constituted.  This  assumption,  however,  did  not 
rest  on  very  exact  experimental  data;  and  from  recent  experiments  by 
Erlenmeyer,f  it  appears  that  butyl  alcohol  produced  by  fermentation  con- 
sists of  uopropt/l-carbinol,  CH,[CH(CIf,)2]0H,  or  is  represented  by  the 
second  of  the  formulsB  above  given  for  the  primary  four-carbon  alcohol. 

Isopropyl-carbinol  is  acted  upon  by  acids  and  other  chemical  reagents 
much  in  the  same  manner  as  common  alcohol  (methyl-carbinol).  With 
strong  wulphurie  acid  it  yields  quartyl-aulphurie  acid^  ^OjA(Q^W^^  if  the  mix- 
tare  IS  kept  cool ;  but  on  heating  the  liquid  guariene^  or  butyltne^  ^4^8  ^^ 
ipven  off  mixed  with  sulphurous  oxide  and  carbon  dioxide.  Heated  with 
hj/droehlorie  acid  in  a  sealed  tube,  or  treated  vf'xih  phoBphorw  pentachloride  or 
oxychioride,  it  is  converted  into  quartyl  chloride,  CjfljCl,  or  ehloroquartane^ 
an  ethereal  liquid,  having  a  pungent  odor,  and  boiling  at  70°  C.  (158°  F.); 
quartyl  bromide,  C^H^Br,  obtained  in  like  manner,  boils  at  89°,  the  iodide 
C^H,!,  at  121°  C.  (250  F.).  The  iodide  is  decomposed  by  potassium  or 
sodium,  yielding  diquartyl  or  dibutyl,  CgHjg,  probably : 

•  Skhojf^n,  Ann.  Ch.  Pharm.  cxxx.,  2.13. 

t  Z^'itAchrift  fUr  Chemie,  Neae  Reihe,  iii.  117.    The  details  of  the  invesUgation  are  not  yet 
pabllabed. 
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H,C.,.         H    H  H    H         ..CH, 


H,C 


u 


'CH. 


a  limpid  liquid,  lighter  than  water,  and  boiling  at  105^  C.  (221°  F.).    The 
same  hydrocarbon  is  obtained  by  the  electrolysis  of  yaleric  acid,  C,H,jO, 


Hetliyl-ethyl  Carbiiiol,  or  Beooadary  BatyMi  Alcohol, —C 


—  Thij 


aloohol  is  obtained  f^om  erythrite  {erytkromanmte)^  a  saccharine  sabstisee 
haying  the  composition  of  a  tetratomic  alcohol,  C4H,qO-.  or  C4H,(0H)^ 
The  erythrite,  distilled  with  fuming  hydriodic  acid,  yields  methyl-ethjl- 
iodomethane,  or  secondary  butyl  iodide,  CrCH,)(C,Hg)HI,  and  this  liquid, 
treated  with  moist  silver  oxide,  is  conyertea  into  methyl-ethyl  carbiDol: 


C(CH,)(C,H5)HI 
Methyl-ethyl  iodo- 
methane. 


-f-    AgOH    ==    Agl    4-    C(CH,)(C,H»)HOH. 
Silver  Silver  Methyl-ethyl- 

hydrate.       iodide.  carbinol. 


Methyl-ethyl  carbinol  is  a  colorless  oi^  liquid,  having  a  strong  odor  and 
burning  taste,  a  specific  gravity  of  0-85  at  0^,  and  boiling  at  9o°-d8^  C. 
(203°-208°  F.)  (about  10«C.  (18°  F.)  lower  than  the  primary  alcohol).  When 
heated  to  250°  C.  (482°  F.),  it  is  for  the  most  part  resolved  into  water  and 
quartene  or  butylene :  C^HjqO  =  OHj  -f  C^Ug. 

Methyl-ethyl  Iodomethane^  or  Secondary  Butyl  iodide^  prepared  as  above,  or 
by  the  action  of  strong  hydriodic  acid  on  the  alcohol,  is  a  liquid  having  s 
pleasant  ethereal  odor,  a  specific  gravity  of  1  -632  at  0°,  1  -tiOO  at  20°  C 
( 68°  F. )  and  1  -684  at  30°  C.  (86°  F. ).  It  boils  at  118°  C.  (244o  F. ).  Bromine 
decomposes  it,  expelling  the  iodine  and  forming  quartene  dibromide 
CiHgCl,.  When  distilled  with  alcoholic  potash  it  gives  off  quartene.  This 
tendency  to  give  off  the  corresponding  define  is  characteristic  of  all  the 
secondary  alcohols  and  ethers,  as  will  be  further  noticed  in  connection  with 
the  five-carbon  compounds. 

Trimethyl  Carbinol  or  Tertiary  Bntyl  Alcohol,  C  |  xVr  '\  is  produced  bj 

treating  zinc  methide  with  carbonyl  chloride  (phosgene  gas)  or  acetyl 
chloride,  and  submitting  the  product  to  the  action  of  water.* 

2C0C1, 
Carbonyl 
chloride. 

COCH3CI 

Acetyl 
chloride. 

C{(CH.). 

Trimethyl- 
cbloromethane. 

When  acetyl  chloride  is  used,  the  formation  of  trimethyl-chloromethane 
takes  place  by  a  very  simple  reaction.     In  the  case  of  carbonyl  chloride  it 

*ButUerow,  Zeitaclirift  fUr  Chem.  nnd  rfanrni.  1864,  |>p.  3S5,  702. 


+ 

Zn(CH,), 

Zinc 
methide. 

=     ZnCl,    +    2C0CH.a 
Zinc.                Acetyl 
chloride,          chloride. 

+ 

Zn(CH,), 

=    ZnO       -f    c/(^/^»)» 

Zinc 
methide. 

Zinc.              Trimethyl 
oxide.         chloromethane. 

+ 

HOH 

-    HCl       +    C{(5^»)» 

Water. 

Trimethyl 
carbinol. 
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Ukes  plaoe  bj  two  stuges,  the  first  of  which  is  the  prodiiotion  of  aoetvl 
chloride.  The  other  tertiary  alcohols,  to  be  noticed  hereafter,  are  obtained 
by  similar  series  of  reactions. 

The  properties  of  this,  and  of  the  other  tertiary  alcohols,  have  not  been 
much  studied.  They  are  distinguished'  from  the  primary  and  secondary 
alcohols  by  the  products  which  they  yield  with  oxidising  agents  Primary 
alcohols  of  the  series  C,  H|.+,0,  oxidizing  with  chromic  acid,  yield,  as  already 
obserred,  the  corresponding  acids,  C.  Hs.0,;  secondary  alcohols,  the  corre- 
sponding ketones.  Tertiary  alcohols,  on  the  other  hand,  are  split  up  by 
oxidation,  yielding  bodies  containing  a  smaller  number  of  carbon-atoms : 
thus,  trimethyl  carbinol  is  oonterted  by  oxidising  agents  into  formic  and 
propionic  acids : 

C^H^O    +    0^    =    CH,0,    +     C,HjO,    +    OH, 
Trimethyl  Formic  Propionic 

carbinoL  acid.  acid. 
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The  formula  CgHigO  may  include  six  different  alcohols:  two  primary, 
three  secondary,  and  one  tertiary,  yiz. : 

CHjCHiCHjCH, 

11 

H 


Primary       C- 


and 


C 


OH 
Butyl  carbinol. 


Secondary   C 


'  CH.CHgCHg 

H  ^ 

OH 

Methyl-propyl      Methyl-isopropyl 
carbinol.  carbinol. 


CH(CH,), 
^^»  and 

OH 


CH,CH(CH,), 

H 
OH 
Isobutyl  carbinol.* 

CH,CH, 
CH,CH, 
H 
OH 

Diethyl 
carbinol. 


Tertiary       C  - 


rCH.CH, 

CH 

^„>        Dimethyl-ethyl  carbinol. 

tOH* 

Of  these,  howeyer,  only  two  have  been  distinguished  with  certainty,  viz., 
a  primary  alcohol,  produced  by  fermentation,  and  a  secondary  alcohol  ob- 
tained from  the  corresponding  olefine,  namely,  quintene  or  amylene. 

Isobntyl  Carbinol,  CH2(C4Hg)OH.  —  This,  according  to  Erlenmeyer,  is  the 
ordinary  amyl  alcohol  produced  by  fermentation.  In  the  manufacture  of 
brandy  from  corn,  potatoes,  or  the  must  of  grapes,  the  ethyl  alcohol  is 
found  to  be  accompanied  by  an  acrid  oily  liquid  called  fusel-oil,  which  is 
Terj  difficult  to  separate  completely  from  the  ethyl  alcohol.  It  passes  over, 
however,  in  considerable  quantity  towards  the  end  of  the  distillation,  and 
maj  be  collected  apart,  washed  by  agitation  with  several  successive  por- 
tions of  water  to  free  it  from  ethyl  alcohol,  and  re-distilled.  The  liquid 
thus  obtained  consists  chiefly  of  amyl  alcohol,  sometimes  mixed  with  pro- 
pylic,  butylic,  and  other  alcohols.  The  amyl  alcohol  maybe  obtained  pure  by 
fractional  distillation,  the  portion  which  passes  over  between  128°  and  182° 
C.(262°-270°  F. )  being  collected  apart.  Potato  fusel-oil  consists  almost  wholly 
of  ethyl  and  amyl  alcohols,  the  latter  constituting  the  greater  quantity. 

•  The  fonr-carbon  radical  derived  from  methyl  liy  siilistitntion  of  isopropyl  for  one  atom 
of  hydrogmi  may  be  called  ieoquHrtyl  or  izobotyl. 
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Amjl  alcohol  is  an  oily,  colorleBS,  mobile  liquid,  having  an  odor  peeuUar 
to  itself,  and  a  burning  acrid  tast«.  Its  vapor  when  inhaled  prodnees 
coughing  and  oppression  of  the  chest.  Its  specific  gravitj  is  0*8111.  When 
dropped  on  paper  it  forms  a  greasy  stain,  which,  however,  disappears  after 
a  while.  It  is  not  perceptibly  soluble  in  water,  but  floats  on  the  sorfaee 
of  that  liquid  like  an  oil;  common  alcohol,  ether,  and  various  essential 
oils  dissolve  it  readily. 

Amyl  alcohol  usually  exerta  a  rotatory  action  on  polariied  li^t,  but  the 
rotatory  power  varies  considerably  in  different  samples.  Pasteur,  indeed, 
has  shown  that  ordinary  amyl  alcohol  is  a  mixture  of  two  isomeric  alcohols, 
having  the  same  vapor-density,  but  differing  in  their  optical  properties, 
one  of  them  turning  the  plane  of  polarization  to  the  right,  whereas  the 
other  is  optically  inactive.  They  are  separated  by  converting  the  crude 
amyl  alcohol  into  amylsulphurie  acid,  saturating  with  barium  carbonate, 
and  crystallizing  the  barium  amyl  sulphate  thus  formed.  The  salt  obtained 
from  the  active  amyl  alcohol  is  2}  more  soluble  than  that  obtained  from 
the  inactive  alcohol,  and  consequently  the  latter  crystallizes  out  first:  and 
by  precipitating  the  barium  from  the  solution  of  either  salt  with  sulphuric 
acid,  and  distilling  the  amylsulphurie  acid  thus  separated  with  water,  the 
corresponding  amyl  alcohol  is  obtained.  The  difference  of  optical  character 
between  the  two  alcohols  —  which  is  traceable  through  many  of  their  de- 
rivatives—  has  not  been  satisfactorily  explained  ;  but-  it  probably  depends 
upon  the  arrangement  of  the  molecules,  rather  than  upon  that  of  the  atoms 
within  the  molecule. 

Vapor  of  amyl  alcohol  passed  through  a  red-hot  tube,  yields  a  mixture 
of  ethene,  propene,  quartene,  and  quintene  or  amylene. 

Amyl  alcohol  takes  fire  easily  and  burns  with  a  blue  flame.  "When  ex- 
posed to  the  air  in  contact  with  platinum  black,  it  is  oxidized  to  valeric 
acid,  CgHjoO,.  The  same  acid  is  obtained  by  heating  amyl  alcohol  with  a 
mixture  of  potassium  bichromate  and  sulphuric  add. 

CH,(C^n,)OH        +        O,       =       OH,        4-        CO(C^H,)OH. 
Amyl  alcohol.  Valeric  acid. 

Amyl  alcohol,  heated  to  220<>  C.  (423^  F.)  with  a  mixture  of  potamvm 
hydrate  and  lime^  is  converted  into  valeric  acid,  with  evolution  of  hydrogen: 

CjH^O        -f        KHO        =        C,H,KO,        -f-        H,. 
Amyl  al-  Potassium 

cohol.  valerate. 

Potassium  and  sodium  dissolve  in  amyl  alcohol  as  in  ethyl  alcohol.  yield> 
ing  the  compound,  C^HjiKO,  and  CjIInNaO,  which,  when  treated  with  ainjl 
iodide,  yield  am,v^  oxide  or  amt/l  ether,  (CgUulgO;  and  with  ethyl  iodide, 
ethyl-amyl  oxide,  (C^U^){C^ll^^)0. 

^   Chlorine  acts  upon  amyl  alcohol  as  upon  ethyl  alcohol,  excepting  that  it 
finally  removes  only  four  atoms  of  hydrogen,  instead  of  five : 

C5n,,0      -4-      SCI,      =      4HC1      -t-      CfUjClfi. 
Amyl  alcohol.  Chloramylal. 

Amyl  alcohol  is  acted  upon  by  acids,  like  common  alcohol,  yielding 
ethers.  When  mixed  with  strong  sulphuric  aeid,  it  is  converted  into  amjl- 
sulphuric  acid,  (C(II,,)HS04;  and,  on  distilling  the  mixture,  amyl  oxide, 
(^»^^ii)'i^»  passes  over,  together  with  amylene,  and  several  other  hydrocar- 
bons. 

Amylene,  ob  Qcintene,  rgTT,o.  is  likewise  obtained,  together  with  qoin* 
tanc,  CgH„,  and  higher  homologues  of  both  these  bodies,  by  distilling  amrl 
alcohol  with  zinc  chloride.  It  is  a  colorless  liquid,  having  a  peculiar  and 
somewhat  unpleasant  odor;  boils  at  35^0.  (95° F.),  and  when  set  on  ire. 
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bums  with  a  bright,  Tery  smoky  flame. — Vapor  of  amylene  is  completely 
absorbed  by  antimony  pentachloride  and  sulphuric  oxide.  —  Strong  sul- 
phuric acid  dissolves  amylene,  when  the  two  are  shaken  up  together,  but 
the  hydrocarbon  soon  separates  as  an  oily  layer,  which  however  consists, 
not  of  amylene,  but  of  diamylent  (paramyUne),  C^^Hj^.  Amylene  unites 
with  hydrochloric,  hydrobromic,  and  hydriodic  acid,  forming  compounds 
isomeric  with  amy  I  chloride,  &c. 

Amtl  Chloride,  CjHjjCl,  is  prepared  by  distilling  equal  weights  of  amyl 
alcohol  and  phosphorus  pentachloride,  washing  the  product  repeatedly 
with  alkaline  water,  and  rectifying  it  from  calcium  chloride.  Less  pure  it 
may  be  obtained  by  saturating  amyl  alcohol  with  hydrochloric  acid.  It  is 
a  colorless  liquid,  of  agreeable  aromatic  odor,  insoluble  in  water,  and  neu- 
tral to  test-paper:  it  boils  at  102®  C.  (216*>F.),  and  ignites  readily,  burn- 
ing with  a  flame  green  at  the  edges,  oy  the  long-continued  action  of  chlo- 
rine, aided  by  powerful  sunshine,  it  is  converted  into  ociochlorinated  amyl 
cUorule,  or  nonochloroqiantane,  CgHgClg,  a  volatile,  colorless  liquid,  smelling 
like  camphor :  the  whole  of  the  hydrogen  has  not  yet,  however,  been  re- 
moved. 

Ahtl  Bromids,  CeHiiBr,  is  a  Tolatile,  colorless  liquid,  heavier  than 
water.  It  is  obtained  by  distilling  amyl  alcohol,  bromine,  and  phosphorus 
together.  (See  ethyl  bromide,  p.  522.)  Its  odor  is  penetrating  and  allia- 
ceous. The  bromide  is  decomposed  by  an  alcoholic  solution  of  potash,  with 
reproduction  of  the  alcohol  and  formation  of  potassium  bromide. 

Axtl  Iodide,  C(H,]I,  is  procured  by  distilling  a  mixture  of  15  parts  of 
amyl  alcohol,  8  of  iodine,  and  1  of  phosphorus.  It  is  colorless  when  pure, 
heavier  than  water,  volatile  without  decomposition  at  146®  C.  (295  F.),  and 
in  other  respects  resembles  the  bromide :  it  is  partly  decomposed  by  ex- 
posure to  light.  Heated  to  290®  C.  (554®  F.)  in  sealed  tubes,  with  zinc,  it 
yields  diamyl,  CiqH,^  or  C^H,, .  CgH,!,  a  colorless  ethereal  liquid,  boiling  at 
135®  C.  (311®  F.),  and  isomeric,  or  identical  with  decane  (p.  474).  At  the 
same  time  there  is  formed  a  compound  of  zinc  iodide  with  zinc  araylide, 
Zq(C,Hu),,  ^bick  is  decomposed  by  contact  with  water,  yielding  zinc  oxide 
and  quintane  or  amyl  hydride  (p.  478) : 

Zn(C4nu),     -f     OH,    =    ZnO    -f-     2C5H,,, 

AxTL  Oxide,  (C^Hy),©,  obtained  by  the  processes  already  mentioned, 
ia  a  colorless  oily  liquid,  of  specific  gravity  of  0'779®,  and  boiling  at  176®. 

AMTL  Sulphuric,  or  Sulphamtlio  Acid,  (C5H,i)HS04,  or  CjH^jOSOjH. — 
The  barium  salt  of  this  acid,  (C5Hij),Ba^^(S04'2 .  2  aq.,  prepared  like  the 
etfaylsulphate  (p.  527),  crystallizes  on  evaporating  the  solution  in  small  bril- 
liant pearly  plates ;  the  diff'erence  of  solubility  of  the  salts  prepared  from  op- 
tically active  and  optically  inactive  amyl  alcohol  has  already  been  mentioned. 
The  barium  may  be  precipitated  from  the  snlt  by  dilute  sulphuric  acid,  and 
the  sulphamylic  acid  concentrated  by  spontaneous  evaporation  to  a  syrupy,  or 
even  crystalline  state :  it  has  an  acid  and  bitter  taste,  strongly  reddens 
litmus-paper,  and  is  decomposed  by  ebullition  into  amyl  alcohol  and  sul- 
phuric acid.  The  potassium  salt  forms  groups  of  small  radiated  needles, 
very  soluble  in  water.  The  sulphamylates  of  calcium  and  lead  are  also  sol- 
uble and  crystallizable. 

Amyl  iulph-hydrate,  C5H1.SH,  and  Amyl  mlphide,  (C5H„)^S,  have  likewise 
been  obtained :  they  resemole  the  ethyl  compounds  in  their  properties  and 
reactions. 

Fusd-oU  or  Orain'ifpirit. — The  fusel  oil,  separated  in  large  quantities 
from  grain-spirit  by  the  London  rectifiers,  consists  chiefly  of  amyl  alcohol 
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mixed  with  eihjl  alcoliol  and  water.  Sometimes  it  contains  in  addition 
more  or  less  of  the  ethyl-  or  amyl-eompounds  of  certain  fattj  acids  thought 
to  have  been  identified  with  oenanthylic  and  palmitic  acids.  These  la^- 
named  substances  form  the  principal  part  of  the  nearly  solid  fat  produced 
in  this  manner  in  whiskey  distilleries  condncted  on  the  old  plan.  Mulder 
has  described,  under  the  name  of  eom-oti,  another  constituent  of  the  crude 
fusel-oil  of  Holland:  it  has  a  very  powerful  odor,  resembling  that  of  some 
of  the  umbelliferous  plants,  and  is  unaffected  by  solution  of  caustic  potash. 
According  to  Mr.  Rowney,  the  fusel-oil  of  the  Scotch  distilleries  eontuiis 
in  addition  a  certain  quantity  of  capric  acid,  CiqH^oOj.  Amyl  alcohol  in 
addition  to  butyl  alcohol,  has  been  separated  from  the  spirit  distilled  from 
becl-molasses,  and  from  artificial  grape-sugar  made  by  the  aid  of  sulpha- 
ric  acid.  Although  much  obscurity  yet  hangs  over  the  history  of  these 
substances,  it  is  generally  supposed  that  they  are  products  of  the  fennen- 
tation  of  sugar,  and  have  an  origin  contemporaneous  with  that  of  common 
alcohol. 

H,C  ch, 
V 


Methyl-iiopropyl  carbinol,  CH(CH,)[CH(CH,)  J^OH  =       I        or  Aayl- 

icor 


CH 
HCOH 


i 


H, 


ene  hydrate,  (C5H„)''{?jt-  —  This  is  a  secondary  alcohol  produced  from 

amylene,  CgHjo,  by  combining  that  substance  with  hydriodie  acid,  and  de- 
composing the  resulting  hydriodide,  CsH,q.HI,  with  moiat  silver  oxide, 
whereby  silver  iodide  and  amylene  hydrate  are  obtained: 

2(C5H,o.HI)  +  Ag,0  +  H,0  =  2AgI  -f  2[CjH«.H(0H)]. 

A  portion  of  the  hydriodide  is  at  the  same  time  resolved,  by  the  heat 
evolved  in  the  reaction,  into  hydriodie  acid  and  amylene ;  and,  on  sahmit^ 
ting  the  resulting  liquid  to  fractional  distillation,  the  amylene  passes  over 
first,  and  then,  between  105®  and  108°  C.  (221''  and  226°  F.},  the  amyleoe 
hydrate  or  methyl-isopropyl  carbiool. 

This  alcohol  is  a  liquid  having  a  specific  gravity  of  0*829  at  0°,  and  a 
pungent  ethereal  odor,  quite  distinct  from  that  of  ordinary  amyl  alcohol 
Heated  with  strong  sulphuric  acid,  it  is  converted,  not  into  amylsulphurio 
aci«l,  but  into  hydrocarbons  polymeric  with  amylene,  vii.,  diamylene,  or 
decene,  OioH^g,  and  triamylene,  or  quindecenc,  C,5H,q.  ffffdriodie  acid  ew- 
verts  it,  at  ordinary  temperatures,  into  amylene  hydriodide,  CgHj^HI, 
boiling  at  130°  C.  (2C6°  F. ),  (amyl  iodide  at  146°  C  [295°  F.]).  UydTochlorit 
acid  converts  it  (even  at  0°)  inio  amylene  hydrochloride,  CgH^  HCl,  having 
a  boiling  point  10°  C.  (18°  F.)  below  that  of  amyl  chloride.  On  mixing  it 
with  two  atoms  of  bromine  at  a  very  low  temperature,  a  red  liquid  is  formed, 
which,  as  soon  as  it  attains  the  ordinary  temperature  of  the  air,  is  resoWed 
into  water  and  amylene  bromide.  Heated  for  some  time  to  100°  C.  with  strong 
acetic  acid,  it  yields  amylene,  together  with  a  small  quantity  of  amylene 
acetate.  Sodium  dissolves  in  amylene  hydrate  with  evolution  of  hydrogen, 
forming  a  colorless  translucent  mass,  which  has  the  composition  C,H,jN80Hi 
and  is  decomposed  by  amylene  hydriodide  in  the  manner  shown  by  the 
equation : 

C,H,^NaOH     -f     C,n,,m    =    C,H,o    -f    C5H,oH(OH)     -}-    NtO. 
Sodium  com-  Amylene       Amylene.  Amylene 

pound.  hydriodide.  hydrate. 

From  these  reactions  it  is  apparent  that  amylene  hydrate  or  methyl- 
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Isopropyl  earbinol  is  especially  distinguished  from  amyl  alcohol  or  butyl 
earbiDol,  by  the  facility  with  which  it  gives  up  the  corresponding  oletiue. 
This  peculiarity  is  exhibited  also  by  all  the  secondary  alcohols  of  tiie  series. 
These  alcohols  indeed  may  be  regarded  as  conueciiug  links  between  the 
primary  monatomic  alcohols  and  the  secondary  alcohols,  or  glycols ;  e.  y.  .* 

CsHiiCOH)  ^»^w{oH  ^6*^»\0H 

Amyl  alcohoL  Amylene  Amylene  glyooL 

hydrate. 


8BXTTL,  OB  HSXTL,  ALCOHOLS  AND  STHERa 

The  number  of  possible  modifications  of  an  alcohol  increases  with  the 
nnmber  of  carbon-atoms  in  its  molecular  formula.  Thus  we  have  seen  that 
there  may  be  two  propyl  alcohols,  CjHgO,  four  butyl  alcohols,  C^H^jO,  and 
six  amyl  alcohol^  C^\{^fi.  The  six-carbon  formula,  C^H^O,  will  in  like 
manner  be  found  to  include  ten  isomeric  alcohols — three  primary,  four 
secondary,  and  three  tertiary ;  but  as  the  manner  in  which  these  modifica- 
tions arise  has  been  sufficiently  explained  in  the  preceding  pages,  the 
further  deyelopment  of  the  theoretical  formulas  may  be  left  as  an  exercise 
for  the  student. 

The  number  of  modifications  of  the  six-carbon  alcohol  actually  known,  is 
fire;  of  which  two  are  primary,  one  is  secondary,  and  the  remaining  two 
are  tertiary. 

Hexyl  Aleoholi. — The  normal  alcohol,  or  Amyl-earbinolf  C.H,. 
(OH),  or  C «{  H,      ,  is  prepared  by  treating  seztane,  or  hexyl  hydride, 


I  OH 


C0H14,  obtained  from  American  petroleum,  with  chlorine,  converting  the 
resulting  hexyl  chloride,  C^HjaCl,  into  hexyl  acetate,  C^U^^{OC^Ufi), 
by  treatment  with  silver  acetate,  and  distilling  the  hexyl  acetate  with 
potash.  The  hexyl  alcohol  thus  prepared  boils  at  about  150°  C.  (302°  F.), 
and  smells  like  amyl  alcohol. 

Another  primary  hexyl  alcohol  was  found  by  Paget  in  fusel-oil.  The 
statements  respecting  it  are  not  very  exact,  but  as  it  is  produced  by 
fermentation,  it  is  probably  constituted   like   ordinary  amyl  alcohol,  and 


fCH,CH,CH(CHj), 

I,  cJh 


therefore  in  the  manner  represented  by  the  formula, 

(OH 

Both  these  alcohols,  when  oxidized  by  chromic  acid,  yield  caproic  acid, 
C«HuO,. 

f  CH,CH(CH,), 

8ewnd*ryH«xylAleohol,probablyMethyl-isobutylcarbinol,C  <  ^*  * 

i  OH 

or  Hexylene  hydrate,  CjH,,  I  ^jj.  —  This  alcohol,  discovered  by  Wanklyn 

and  Erlenmeyer,*  is  produced  from  mannite.  a  saccharine  body  having  the 
composition  of  a  hexatomic  alcohol,  CeH8(0H)j,  by  treating  that  substance 
with  a  large  excess  of  very  strong  hydriodic  acid,  whereby  it  is  converted 
into  secondary  hexyl  iodide,  or  hexylene  hydriodide,  C^Ui^  HI: 

C,H8(0H)j     +     llHI     =     C,H,,HI     -t-     60H,    -f     61,; 

and  digesting  this  hydriodide  with  silver  oxide  and  water : 

C„H„HI    +     H,0    -t-    Ag,0    »     2AgI    -f    CaH„H(OH). 
•  Joamal  of  the  Chemical  Society  [2],  i.  221. 
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It  is  a  Tiscid  liquid,  haYin(^  a  pleasant,  refreshing  odor;  boils  ^  IS?*; 
has  a  sp.  gr.  of  0*8327  at  0°,  0-8209  at  lt>^  and  0-7482  at  99°,  so  that  it  ex- 
pands somewhat  rapidljr  by  heat.  Strong  hydrochloric  acid  converts  it 
into  the  corresponding  hydrochloride,  C«H  1,1101,  which  boils  at  120°  C. 
(248°  F.),  and  yields  hexylene  when  digested  at  100°  C,  with  alcoholic 
potash. 

Hexylene  hydrate,  or  methyl-isobutyl  carbinol,  is  conTerted  by  oxidation 
with  potassium  bichromate  and  sulphuric  acid,  into  a  ketone,  CmHJd  ^ 

r  CHjCH^CH,), 
C  i  CH,  ,  which  does  not  absorb  oxygen  from  the  air ;  but,  when 

further  treated  with  the  oxidizing  mixture  just  mentioned,  yields  butyric, 
acetic,  and  carbonic  acids,  and  water.  These  reactions  show  that  the  Al- 
cohol in  question  is  a  secondary  alcohoL 

Tertiary  Hexyl  Aloohola. — Three  of  these  alcohols  are  possible,  namelj: 

.  CH, 
Methyl-diethyl  carbinol 


rCH, 


Propyl-dimethyl  carbinol        C 

(oh 

rCHrCH,), 
Isopropyl-dimethyl  carbinol    G  <  (CH,), 

(oh. 

The  third  has  not  yet  been  obtained.     The  first  is  prepared  by  treating 
sine  ethyl  with  acetyl  chloride,   and  decomposing  the  resulting  methyl- 

f  ^"t 

diethyl-chlorethane,  C  <  (C.li  J,,  with  water ;  the  second  by  proceeding  in 

I  Cf 
like  manner  with  sine  methyl  and  butyryl  chloride,  CO(C,Hy)CL 


SEPTTL,  OE  HXPTYL,  ALCOHOLS  AXD  ETHIRS. 
Of  these  compounds  only  the  normal  primary  alcohol,  CyH,^(OH),  or 

Heicyl  carhinoly  C  •{  H.     ,  is  known  with  certainty.    It  is  prepared,  either 

I  OH 
by  the  action  of  nascent  hydrogen  (evolTed  by  the  action  of  sodiom  amal- 
gam on  water)  on  oenanthylic  aldehyde  (oenanthol) : 

Aldehyde.  Alcohol. 

or  from  septane  or  heptyl  hydride,  C-H^,  in  the  same  manner  as  hexyl 
alcohol  from  hexyl  hydride  f  p.  689).  It  is  a  colorless,  oily  liquid,  insoluble 
in  water ;  but  its  properties  are  not  much  known. 

Another  heptyl  alcohol  was  separated  by  Paget  from  ftisel-oil;  and  a 
third  has  been  said  by  several  chemists  to  be  obtained,  together  with  octjl 
alcohol,  by  distilling  castor-oil  with  excess  of  potash ;  but,  according  to 
the  most  trustworthy  experiments,  there  is  but  one  alcohol  obtained  by  this 
process,  Tis.,  an  8-carbon  aloohoL 
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OCTYL  ALOOHOLS  AND  ETHERS. 

Alcohols  having  the  composition  CgHigO  are  obtained:  1.  From  the  octane 
or  octyl  hydride  of  American  petroleum,  by  the  series  of  processes  already 
indicated  in  the  case  of  hexyl  alcohol.  2.  By  distilling  castor-oil  with 
potash.  The  first  is  an  oily  liquid,  having  a  specific  gravity  of  0'826  at 
16°,  and  boiling  at  180°-184°  C.  (856°-»63'»  ¥.),  Its  structure  is  not  exactly 
known,  but  it  closely  resembles  the  alcohol  obtained  from  oastor-oil,  both 
in  its  physical  properties  and  in  its  reactions. 

The  chloride,  CgHj^Cl,  obtained  by  the  action  of  chlorine  on  octane,  is 
also  very  similar  in  its  properties  to  that  obtained  from  the  alcohol  of 
castor>oil  by  the  Action  of  phosphorus  pentachloride. 

Secondary  Oetyl  Alooholt  or  Methyl-hezyl  Carbinol, 

'CfHu  H     H    H    H    H        yQn^ 

C  \  CH.         or      H.C— C— C— C— C— C  <* 

iei  i  i      \„ 


H 
OH 


This  alcohol  is  produced  by  heating  castor-oil  with  excess  of  solid  potas- 
sium hydrate.  Castor-oil  contains  ricinoleic  acid,  CnHg^Os;  and  this  acid, 
when  heated  with  potash,  yields  free  hydrogen,  a  distillate  containing 
methyl-hexyl  carbinol,  together  with  products  of  its  decomposition,  and  a 
residue  of  potassium  sebate : 

Cis'IfA    -f     2K0H    =    C.H„,0    4-    C„H,,K,0^    -f-    H^ 
Ricinoleic  Octyl  Potassium 

acid.  alcohol.  sebate. 

To  separate  the  alcohol,  the  distillate  is  repeatedly  rectified  over  fused 
potash,  the  portion  boiling  below  200°  C.  (S92?  F.)  only  being  collected: 
this  liquid,  subjected  to  fractional  distillation,  yields  a  portion  boiling  at 
181^,  which  is  the  pure  secondary  octyl  alcohol.  The  portions  of  the  orig- 
inal distillate  having  a  lower  boiling  point,  consist  of  defines,  amongst 
which  octylene,  CgHif.  boiling  at  125°  C.  (267°  F.l,  preponderates.* 

Methyl-hexyl  carbinol  is  a  limpid  oily  liquid,  having  a  strong  aromatic 
odor,  and  making  grease  spots  on  paper.  It  has  no  action  on  polarized 
light.  It  has  a  specific  gravity  of  0-828  at  17°,  and  boils  at  181°  C.  (358° 
F.i.  It  is  insoluble  in  water,  but  dissolves  in  alcohol,  ether,  wood-spirit, 
and  acetic  acid.  It  mixes  with  sulphuric  acid,  forming  octyl-sulphuric  acid, 
CiHifHSOi,  generally  also  octylene  and  neutral  octyl-sulphate.  Fused  zinc 
chloride  converts  it  into  octylene.  lYith  potassium  and  sodium  it  yields 
subntitution-products. 

Methyl-hexyl  carbinol,  oxidized  with  potassium  bichromate  and  sulphu- 
ric acid,  yields  the  corresponding  ketone,  viz.,  methyl-cenanthol, 

(CO)^'(C.Ha)(CH,\  or  c\  Ch's  thus, 

^??»  r  C.H. 


C-(  ^*       -f    0    =    OH,    -f    C 

OH 

Methyl-hexyl  Methyl 

carbinol.  oenanthol. 

*  Schorlemmer^  Proceedings  of  the  Royal  Society,  XTi.  378. 
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By  the  prolonged  action  of  the  oxidizing  mixture,  this  ketone  i»  further 
oxidized  to  caproic  and  acetic  acids : 

-f     OH- 


CbHwO     + 

04 

=  c,n„o,  + 

C,HA 

Methyl 

Capioic 

Acetic 

oenanthol. 

acid. 

acid. 

These  reactions  show  that  the  alcohol  produced  from  castor-oil  is  a  sec- 
ondary alcohol ;  and  from  further  considerations,  for  which  we  most  refer 
to  Schorlemmer*s  paper  above  cited,  it  is  inferred  to  contain  the  radical 
:sopropyl,  that  is,  to  have  one  of  its  carbon-atoms  directly  combined  with 
three  others. 

Oetpl  chloride,  CgHj^Cl,  produced  by  the  action  of  phosphorus  pentachJo- 
ride  on  the  alcohol,  has  a  specific  grarity  of  0-892  at  IS^*  C.  f64<>  F.),  and 
boils  at  175®  C.  (347°  F.).  Heated  with  alcoholic  potash*  it  yields  octene, 
C,H,s;  by  alcohol  and  potassium  acetate,  it  is  converted  into  oct«ne  an>i 
octyl  acetate. 

f  CbHj, 
Vonyl  Alcohol,  C^H^O,  or  Oetyl  CarUnol,  O^H       ,  is  obtained  by  the 

series  of  reactions  above  described  from  nonane  or  nonyl-hydride,  which 
is  one  of  the  constituents  of  American  petroleum,  and  likewise  occurs,  to- 
gether with  nonene,  C,H,^  in  that  portion  of  the  liquid  obtained  by  dis- 
tilling amyl  alcohol  with  zinc  chloride,  which  boils  between  134°  and  I'liP 
C.  (278°  and  802°  F.).  Nonyl  alcohol  boils  at  about. 200°.  Nonyl  chloride, 
CjH„Cl,  has  a  specific  gravity  of  0-899  at  16°  C.  (60°  F.),  and  boils  at  ]%'. 
The  alcohols  of  the  series,  CbHs.+,0,  containing  from  10  to  16  carbon- 
atoms,  are  not  known,  but  compound  ethers  containing  12  and  14  carbon- 
atoms  appear  to  occur  in  spermaceti. 

Bexdeeyl,  or  Cetyl  Alcohol,  C^H^^O- CmH,,(0H),  also  called  £thal.  is  ob- 
tained from  spermaceti,  a  crystalline  fatty  substance  found  in  peculiar  cftv- 
ities  in  the  head  of  the  sperm  whale  (Fhyteter  maerocephaluit).  This  sub- 
stance consists  of  cetyl  palmitate,  ^ti^sflr  ^^  ^M^si^a  ^ic'^ss-  *°^  ^^^° 
heated  for  some  time  with  solid  potash,  is  resolved  in  10  potassium  palmiiate 
and  cetyl  alcohol : 

CwHjA.C^H,,  +  KOH  =  C,eH„0,K  +  CrtH„(OH). 

The  cetyl  alcohol  is  dissolved  out  from  the  fused  mass  by  alcohol  and  ether, 
and  purified  by  seventl  crystallizations  from  ether. 

Cetyl  alcohol,  or  ethal,  is  a  white  crystalline  mass,  which  melts  at  about 
50°,  and  crystallizes  by  slow  cooling  in  shining  laminas.  It  has  neither 
taste  nor  smell,  i^  insoluble  in  water,  but  dissolves  in  all  proportion;  io 
alcohol  and  ether.  When  heated  it  distils  without  decomposition.  With 
sodium  it  gives  off  hydrogen  and  yields  sodium  cetylate,  C),^HgKO.  It  ^s 
not  dissolved  hy  aqueous  alkalies;  but  when  heated  with  a  mixture  of  pot- 
ash and  lime,  it  gives  off  hydrogen,  and  is  converted  into  palmitic  acid: 

CieHjiO    -f     KOH    =^    C^Hj^OjK    -f     2H,. 

Distilled  with  phosphorus  pentachloride  it  yields  ceh/l  chlortde,  C^fi^^l.  * 
limpid  oily  liquid,  having  a  specific  gravity  of  0-8412  at  12°,  and  distilling 
with  partial  decomposition  at  a  temperature  above  200°.  Cetyl  iod*df, 
CjjHjjI,  obtained  by  treating  the  alcohol  with  iodine  and  phosphorns,  is» 
solid  substance  which  melts  at  22°, -dissolves  in  alcohol  and  ether,  and 
crystallizes  from  alcohol  in  interlaced  laniinee. 

According  to  Heintz,  cetyl  alcohol,  or  ethal,  prepared  as  above,  is  no^ 
a  definite  compound,  but  a  mixture  of  sexdecyl  alcohol,  '""^H^Oy  vitb 
small  quantities  of  three  other  alcohols  of  the  same  series,  containing  re- 
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spectiTely  12,  14,  and  18  atoms  of  carbon,  inasmuch  as,  when  fused  with 
potash-lime,  it  yields  the  corresponding  fatty  acids  CHsaO,. 

Caryl  Alcohol,  C^H^O  =  C„llf^{Oll)i  also  called  Cerotic  alcohol  and 
droiin.  —  This  alcohol  is  obtained  from  Chinese  wax  or  Pela,  a  secretion 
enveloping  the  branches  of  certain  trees  in  China,  aud  supposed  to  be  pro- 
duced by  the  puncture  of  an  insect.  This  wax  consists  mainly  of  eeryl 
rerotaU,  C„Hj,0,  .  C^H^^,  and  is  decomposed  by  fused  potash  in  the  same 
manner  as  spermaceti,  yielding  potassium  cerotate  and  cer jl  alcohol : 

C„HoO,.C„Ha    4-    KOH    =    C^HjjO^K    +    C„H5,(0H). 

On  digesting  the  fused  mass  with  boiling  water,  a  solution  of  potassium 
c«rotate  is  obtained,  holding  ceryl  alcohol  in  suspension ;  and  by  precipi- 
tating the  cerotic  acid  with  barium  chloride  and  treating  the  resulting  pre- 
cipitate with  alcohol,  the  ceryl  alcohol  dissolves,  and  may  be  purified  by 
repeated  crystallization  from  alcohol  or  ether.  It  then  forms  a  waxy  sub- 
stance, melting  at  OT^'C.  (206^  F.).  Heated  with  poUsh-lime,  it  gives  off 
hydrogen,  and  is  converted  into  potassium  cerotate.  At  very  high  temper- 
atures it  distils,  partly  undecomposed,  partly  resolved  into  water  and  eero- 
tene,  C^H^;  by  this  character  it  would  appear  to  be  related  to  the  secon- 
dary alcohols.  With  sulphuric  acid  in  excess,  it  forms  hydrated  neutral  ceryl 
ttdpkate,  (C„Hj5)^04.  OH^ 

Xyriqrl  Aleohol,' Ca,H0,O  =  CaoHf,(OH).— This  alcohol,  the  highest 
known  member  of  the  {^eries,  C.  H^-|.,0,  is  obtained  from  myricin,  the  por- 
tion of  common  bees*-wax  which  is  insoluble  in  boiling  alcohol.  Myricin 
cunsist's  of  myricyl  palmitate,  C,f H,|0, .  C3qHq2,  and  when  heated  with 
potash  is  decomposed  in  the  same  manner  as  spermaceti  and  Chinese  wax, 
yielding  potassium  palmitate  and  myricyl  alcohol.  On  dissolving  the  pro- 
duct in  water,  precipitating  with  barium  chloride,  exhausting  the  precipi- 
tate with  boiling  alcohol,  and  dissolving  the  substance  deposited  from  the 
alcohol  in  mineral  naphtha,  pure  myricyl  alcohol  separates  as  a  crystalline 
substance,  having  a  silky  lustre.  When  heated,  it  partly  sublimes  unal- 
tered, and  is  partly  resolved  (like  ceryl  alcohol)  into  water  and  melene, 
^30^69-  ^i^^  strong  sulphuric  acid  it  yields  myricyl  sulphate.  Heated  with 
poUuh  lime,  it  gives  off  hydrogen,  and  is  converted  into  potassium  melissate : 

C,oHeaO     +     KOH     =     Cj^IIsjO^K     +     2n,. 

The  mother-liquor  from  which  the  myricyl  alcohol  has  crystallized  out, 
as  above  mentioned,  retains  a  small  quantity  of  an  isomeric  alcohol,  which 
melts  at  72^  C.  (162°  F.),  and  when  treated  with  potash-lime  yields  an  acid 
containing  a  smaller  proportion  of  carbon. 


0.  Monatomic  Alcohols,  C.Hj.0,  or  C,H^iOH. 

Two  alcohols  of  this  series  areJinown,  viz. : 

Vinyl  alcohol,  CgH^O  =  CjHjfOH). 

Allyl  alcohol,  C,H^O  =  C,H5(0H). 
The  first,  discovered  by  Berthelot*  in   18G0,  is  produced  by  combining 
ethine  or  acetylene  with  sulphuric  acid,  and  distilling  the  product  with 
water,  just  as  in  the  preparation  of  ethyl  alcohol  from  ethene : 

SO^HH  +        C,H,        «  S04H(C,H,). 

Sulphuric  acid.  Ethine.  Vinyl-sulphuric  acid. 

*  Comptes  Rendns,  1.  805. 


HOH 

=        SO4HH 

+ 

C,H,(OH) 

Water. 

Sulphuric 

Vinyl 

acid. 

alcohoL 
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SO,HfC,H,)      + 

Vinyl-sul- 
phuric acid. 

It  is  an  easily  decomposable  liquid,  haying  a  highly  pungent  odor,  eome- 
what  more  volatile  than  water,  soluble  in  10  to  15  parts  of  that  liquid,  and 
precipitated  from  the  solution  by  potassium  carbonate.  Its  chemical  reac- 
tions have  not  been  much  examined,  but  it  is  probably  a  secondary  alcohol, 

CH, 
represented  by  the  formula  ||  .     It  is  isomeric  with  aceUe  aldehyde 

CHOH 
and  ethylene  oxide  (p.  484^.     The  uniyalent  radical  vinyl,  C.H^  which  mAy 
be  supposed  to  exist  in  it,  is  related  to  the  triyalent  radic^  etnenyl  (p.  468;, 
in  the  same  manner  as  allyl  to  propenyl  (see  below). 

CH, 

Allyl  Alcohol,  C,Hg»  =  C,H5(0H)  =  CH        .— This  alcohol,  discovered 

CH,OH 
by  Cahours  and   Hofmann  *  in   1856,  may  be  supposed   to  contain  the 
univalent  radical  allyl,   C,H,,   derived    from   a  saturated    hydrocarbon, 
CHj 

uH,  by  abstraction  of  one  atom  of  hydrogen,  and  isomeric  with  the  trivft- 

CH, 

lent  radical  propenyl,  (CgH,)^^^,  derived  in  like  manner  from  the  bivalent 

—  CH| 

radical  propene,  —  CH ,  or  from  the  saturated  hydrocarbon  propane, 

CHg 

CH,,  by  abstraction  of  three  atoms  of  hydrogen.    Allyl  and  propenyl  com- 

Ah, 

pounds,  indeed,  are  easily  converted  one  into  the  other  by  addition  or  sub- 
traction of  two  atoms  of  a  monad  element  or  radical. 

To  obtain  the  alcohol,  allyl  iodide  is  first  prepared  by  the  action  of  phos- 
phorus tetriodide  on  propenyl  alcohol  (glycerin) : 

2(C,H,)'"(0H),    +    P,I«    =    2C,H,I    +    2P(0H),    +    I, 
Propenyl  Allyl  Phosphorous 

alcohol.  iodide.  acid. 

The   allyl  iodide  is  next  decomposed  by  silver  oxalate,  yielding  allrl 
oxalate : 

2C.HJ        -f.        C,0,Ag,        =        2AgI        +         C,04(C,H,),; 
Allyl  Silver  Silver  Allyl 

iodide.  oxalate.  iodide.  oxalate. 

and  the  allyl  oxalate  is  decomposed  by  ammonia,  yielding  oxamide  and 
allyl  alcohol: 

C,0,(C,H,),        +        2NH,        =        (C,0,)'^(NH,),  +        2C,H,{0fl) 

Allyl  Ammonia.  Oxamide.  Allyl 

oxalate.  alcohoL 

•  Phil.  TimoB.,  1837,  p.  1. 


ALL7L   ALCOHOLS   AND   ETH£RS.  645 

AIM  alcohol  is  a  colorless  liquid,  haying  a  pungent  odor  and  a  spirituous 
burning  tjiste.  It  mixes  in  all  proportions  with  water,  common  alcohol, 
•nd  ether:  boils  at  103^  C.  (217°  F.);  burns  with  a  brighter  flame  than 
coramon  alcohol. 

Alljl  alcohol  is  a  primary  alcohol,  similar  in  all  its  ordinary  reactions  to 
ethyl  alcohol.  By  oxidation  in  contact  with  platinum-black,  or  more 
quickly  by  treatment  with  potassium  bichromate  and  sulphuric  acid,  it  is 
converted  into  acrylic  aldehyde  (acrolein),  CgH^O,  and  acrylic  acid,  CgH^O,, 
compounds  related  to  it  in  the  same  manner  as  common  aldehyde  and  acetic 
&cid  to  ethyl  alcohol.  Heated  with  phosphoric  oxide,  it  yields  allylene, 
CjH4.  With  potassium  and  sodium  it  yields  Siubstitution*products.  Strong 
sulphuric  acid  converts  it  into  allyl-sulphuric  aoid.  With  the  bromides  and 
chlorides  of  phosphorus  it  yields  allyl  bromide,  CjH^Br,  and  allyl  chloride, 
CsHjCL 

Alltl  Bromides.  —  The  monobromide,  CjH^Br,  prepared  as  just  men- 
tioned, or  by  distilling  propene  bromide,  CgH^Br.,  with  alcoholic  potash,  is 
a  liquid  of  sp  gr.  1-17,  and  boiling  at  62°  C.  (144°  F.).  A  tribromide  of 
<>^f.W\  C,H,Br,,  is  obtained  by  adding  bromine  to  the  mond-iodide  in  a  vessel 
surrounded  by  a  freezing  mixture.  It  is  a  liquid  of  sp.  gr.  1  -436  at  23°  C. 
(73°  F.),  boiling  at  217°  C.  (422°  F.),  and  solidifying  when  cooled  below 
10°  C.  (50°  F.).  It  is  isomeric  with  propenyl  bromide  or  tribromhydrin, 
obtained  by  the  action  of  phosphorus  pentabromide  on  glycerin. 

A  diallyl  fefrabromide,  CjHjgBr^,  is  formed  by  the  direct  combination  of 
diallyl  (p.  487)  with  bromine ;  it  is  a  crystalline  body,  melting  at  87°. 

Allyl  Iodides. — The  mono-iodide^  C^H^I,  obtained,  as  above  described, 
br  distilling  glycerin  with  phosphorus  tetriodide.  is  a  liquid  of  sp.  gr. 
1-780  at  10°  C.  (60°  F.),  and  boiling  at  100°  C.  (320°  F.),  It  is  decom- 
posed by  sodium,  with  formation  of  diallyl,  CjH,q.  By  the  action  of  zinc 
or  mercury  and  hydrochloric  or  dilute  sulphuric  acid,  it  is  converted  into 
propene  (or  allyl  hydride): 

2CaHjI     -I-     Zn,    -f-     2na    =    ZnCl,    +     Znl,    -f     2C,H,. 

Diallyl  tetriodide^  C^HiqI^,  is  a  crystalline  body  obtained  by  dissolving 
iodine  in  diallyl  at  a  gentle  heat. 

Alltl-sulphubic  Acid,  S04H(C3H5),  is  produced  by  adding  allyl  alcohol 
to  strong  sulphuric  acid.  The  solution,  diluted  with  water  and  neutralized 
with  barium  carbonate,  yields  barium  allylsulphate,  (S04)2Ba^^(C,lIg),. 

Alltl  Oxide,  (C3Hj),0,  is  produced  by  the  action  of  allyl  iodide  on 
potassium  allylate  (the  gelatinous  mass  obtained  by  dissolving  potassium 
in  allyl  alcohol): 

CjHjOK         -f-        C^Hgl        =        KI  +        (C,H5),0. 

It  is  a  colorless  liquid,  boiling  at  82°. 

Alltl  Sulphide,  (C5H5),S  — This  compound  exists,  together  with  a 
small  quantity  of  allyl  oxide,  in  volatile  oil  of  garlic,  and  is  formed  arti- 
ficially by  distilling  allyl  iodide  with  potassium  monosulphide : 

2C,H,I        +        K,S        =        2KI        +        (C3H,),S. 

To  prepare  it  from  garlic,  the  sliced  bulbs  are  distilled  with  water,  and 
the  crude  oil  thus  obtained  —  which  is  a  mixture  of  the  sulphide  and  oxide 
of  allyl  —  is  subjected  to  the  action  of  metallic  potassium,  renewed  until  it 
is  no  longer  tarnished,  whereby  the  allyl  oxide  is  decomposed,  after  which 
the  sulphide  may  be  obtained  pure  by  redistillation.  In  this  state  it  forms 
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a  colorless  liquid,  lighter  than  water,  of  high  refractiTC  power,  ponessing 
in  a  high  degree  the  peculiar  odor  of  the  plant,  and  capable  of  being  dis- 
tilled without  decomposition.  AUyl  sulphide,  dissoWed  with  ■Icohol  and 
mixed  with  solutions  of  platinum,  siWer,  and  mercury,  giyes  rise  to  crys- 
talline compounds,  consisting  of  a  double  sulphide  of  allyl  and  the  metal, 
either  alone  or  mixed  with  a  double  chloride. 

Volatile  oil  of  mustard  consists  of  allyl  sulphocyanate,  CgH^ .  CNS,  tod 
will  be  described  in  connection  with  the  sulphocyanic  ethers. 

Alltl  Sulph-htdbate,  or  Alltl  Mebcaptan,  C,H,(SU),  obtained  by 
distilling  allyl  iodide  with  potassium  sulph-hydrate,  is  aTolatile  oily  hquid, 
haying  an  odor  like  that  of  garlic  oil,  but  more  ethereal ;  boiling  at  90° 
C.  (194°  F.).  It  attacks  mercuric  oxide,  like  ethyl  mercaptan,  forming  the 
compound  (C,H5)^jHg^^ 


y.  Monatomic  Aleoholt,  C,  H^^,0,  or  C.  H,»_^OH. 

Only  one  alcohol  of  this  series  is  at  present  known,  yix. : 

Camphol,  C^^HigO     =      Cn,H„(OH). 

Of  this  compound  there  are  seyeral  physical  modifications,  distinguished 
from  one  another  by  their  action  on  polarized  light. 

One  variety,  called  Bomeol  or  Borneo  camphor,  is  obtained  from  Jhya- 
halanopt  eamphora,  being  found  in  cavities  of  the  trunks  of  old  trees  of  that 
species.  It  has  a  dextro-rotatory  power  =  84*4°.  A  second,  having  a 
dextro-rotatory  power  of  44*9°,  is  produced,  together  with  camphic  acid, 
by  the  action  of  alcoholic  potash  on  common  camphor,  to  which  indeed 
camphol  bears  the  same  relation  that  ethyl  alcohol  bears  to  aldehyde: 

2C,oH«0     +     OH,    =    C,oH„0     +    C^H,.0, 
Camphor.  Camphol.       Camphic  acid. 

A  third  variety,  possessing  a  dextro-rotatory  power  of  4*5°,  is  obtained 
by  distilling  amber  with  potash;  and  a  fourth,  called  Uevo-eamphd,  which 
has  a  IsBVo-rotatory  power  of  33*4°  (equal  and  opposite  to  that  of  boroeol), 
is  found  in  the  alcohol  produced  in  the  fermentation  of  sugar  from  mad- 
der-root. 

Dextro*rotatory  camphol,  both  natural  and  arti6cial,  forms  small  trans- 
parent, colorless  crystal^,  apparently  having  the  form  of  regular  hexago- 
nal prisms,  insoluble  in  water,  very  soluble  in  alcohol  and  ether.  It  melts 
at  198°  C.  (388°  F.),  and  boils  at  212°  C.  (414°  F.),  distilling  without  altera- 
tion. LsBVo-rotatory  camphol  forms  crystalline  laminse,  or  a  white  powder, 
sparingly  soluble  in  water,  easily  in  acetic  acid,  alcohol,  and  ether.  Both 
varieties  smell  like  pepper  and  common  camphor. 

Camphol,  distilled  with  phosphoric  oxide,  gives  up  water,  and  yields  a 
hydrocarbon,  Cjo^iS'  isomeric  with  turpentine  oil.  When  boiled  with  niiric 
acid,  it  gives  off  two  atoms  of  hydrogen,  and  is  reduced  to  the  correspond- 
ing aldehyde,  viz.,  common  or  laurel  camphor,  C,«H,j0,  which  is  dextro-or 
IsDvo-rotatory,  according  to  the  variety  of  camphol  used.  With  other  acids, 
camphol  behaves  like  alcohols  in  general,  forming  ethers:  thus,  when 
heated  in  a  sealed  tube  with  strong  hydrochloric  acid,  it  forms  camphor 
chloride,  C,oH„Cl,  a  crystalline  Isevo-rotatory  substance  isomeric  with  hy- 
drochloride of  turpenJine  oil,  C,oH,-.  HCl  (p.  489).  With  benzoic  add 
camphol  forms  camphyl  henzoate,  C^HjOj,.  C,qHj,|. 
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in  Monatomie  Aleoholi,  0^  H,._«0,  or  C.  Hj^^OH. 

These  aleohols  correspond  to  the  aromatic  hydr'ocarbone,  and  are  there- 
fore called  aromatic  aleohoU.  The  lowest  member  of  the  series  corresponds 
to  bensene,  and  therefore  contains  six  atoms  of  carbon.  Now,  the  consti- 
tutional formula  of  benzene  (p.  493)  shows  that  in  this  hydrocarbon  every 
earbon-atom  is  directly  combined  with  two  others.  Hence,  when  one  of 
the  hydrogen-atoms  in  benzene  is  replaced  by  hydroxyl,  the  resulting  alco- 
hol must  be  a  secondary  alcohol.  The  relation  of  this  alcohol,  called  ^Aenoi, 
to  benzene,  is  shown  by  the  following  formulsB  : 


H— C— C— H 

hJLh 

H— C=C— H 
Benzene. 


H— C— C— OH 

hJLh 

H— C=C— H 
Phenol. 


It  appears,  then,  that  there  can  be  no  primary  six-carbon  alcohol  of  the 
aromatic  series.  But  with  the  higher  alcohols  of  the  series  the  case  is  dif- 
ferent. For  in  any  homologue  of  benzene, — formed,  as  already  observed, 
by  replacing  one  or  more  of  the  hydrogen-atoms  in  that  body  with  an  alco- 
hol radical  of  the  series  C,Hp  4.^,  viz.,  methyl  and  its  homologues, — the 
substitution  of  hydroxyl  for  hydrogen  may  take  place  either  in  the  benzene 
molecule  itself,  or  in  the  methyl,  ethyl,  &c.,  attached  to  it ;  in  the  latter 
case  the  carbon-atom  united  with  hydroxyl  will  be  directly  combined  with 
only  one  other  atom  of  carbon,  so  that  a  primary  alcohol  will  result ;  but 
in  the  former  case,  the  carbon  united  with  hydroxyl  will  still  be  combined 
also  with  two  other  atoms  of  carbon,  so  that  the  resulting  alcohol  will  be 
secondary;  thus. 


H— C— C— H 

II 
C— H 


h4J 


-CH, 

Methyl  benzene,  or 
Toluene. 


H— C— C— H 

II      II 
H— C    C— H 

H— C.-=C— CHjOH 
Primary  alcohol. 


H— C— C— OH 

II      II 
H— C    C— H 

H— C=C— CH, 
Secondary  alcohol. 


In  the  higher  terms  of  the  series,  a  greater  number  of  isomeric  alcohols 
may  exist,  inasmuch  ns  each  of  the  isomeric  hydrocarbons  containing  a 
given  number  of  carbon-atoms  (p.  494)  may  furnish  a  primary  and  a 
secondary  monatomie  alcohol.  Thus  the  formulie  CgH^g  include  sethyl  ben- 
zene, CjH5(C,H5),  and  dimethyl  benzene,  CjH^(CHj)j,  to  each  of  which  there 
corresponds  a  primary  and  a  secondary  alcohol : 


H— C— C— H 

-d    J-H 


H 


H— C— C— H 

J  I- 


H 


H 


rJ=<L< 


H— C=C— CHjCH, 
Ethyl- benzene. 

H— C— C— H 

H— C    C— CH, 

H— €=C— CH, 
Dimethyl-benzene. 


H— C= 


C— CH,CH,OH 
Primary  alcohol. 


H— C— C— H 


H 


CH, 


h4J 


:C— CH,OH 
Primary  alcohol. 


H— C— C— OH 

hJ  Lh 

H— C=C— CHjCH, 
Secondary  alcohol. 

H— C— C— OH 

H— C    C— CH, 

H— C=C— CH,. 
Secondary  alcohol. 
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The  constitution  of  the  primary  aromatic  alcohols  is  similar  to  that  of 
the  alcohols  of  the  methyl  series,  in  this  respect,  that  the  carbon-atom 
combined  with  hydroxyl  is  also  directly  associated  with  two  atoms  of  hy 
drogen ;  and  accordingly  these  alcohols,  when  subjected  to  the  action  of 
oxidizing  agents,  easily  give  up  these  two  atoms  of  hydrogen  in  exchange 
for  an  atom  of  oxygen,  and  are  thereby  conTerted  into  acids,  the  groap. 
CH,OH,  being  converted  into  COOH,  just  as  in  the  couTersion  of  common 
alcohol,  CHjCH^OH,  into  acetic  acid,  CH3COOH.  But  in  the  secondary 
aromatic  alcohols,  or  phenols,  the  carbon-atom  united  with  hydroxyl,  has 
its  three  other  units  of  equivalence  satisfied  by  combination  with  two  other 
carbon-atoms,  and  there  is  no  hydrogen  in  it-s  immediate  neighborhood 
to  be  exchanged  for  oxygen :  hence,  these  alcohols  are  not  converted  by 
oxidation  into  acids  containing  the  same  number  of  carbon-atoms. 

The  actually  known  aloohoU  of  the  aromatic  series  are  the  following: 

Primary.  Secondary. 

Phenol,  CgHjOH 

Benzyl  alcohol,        C,H5.CH,0H  Cresol,  CJlACn^ym 

r  Phlorol,  C,H^(G,I1J0H 
Xylyl  alcohol,          C^H^.CIIjOH         \  Dimethyl 

(      phenol,  C.Hj(CH,)-OH 

Cymyl  alcohol,        C,Hn.CH,OH  Thymol,  C8H,(C,H J,OH ? 

Sycoceryl  alcohol,  C„H„ .  CUjOH 

The  secondary  aromatio  alcohols  are  often  designated  by  the  generic 
name  of  phenols;  thus  cresol  is  methyl-phenol,  phlorol  is  ethyl-phenol,  &c. 
There  are  also  diatomic  and  triatomic  phenols,  which  will  be  noticed  here- 
after. 
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Benxyl  Alcohol,  C7H-0=C,Il7(OH)=C.H5.CH,OH;  also  called  Bfnzok 
alcohol.*  —  This  alcohol  is  produced:  1.  By  the  action  of  alcoholic  potash 
on  benzoic  aldehyde  (bitter-almond  oil) : 

2CyH,0        +        KOH        =        CyHgO        -f        C^HjO^ 

Benzoic  Benzyl  Potassium 

aldehyde.  alcohol.  benzoate. 

2.  From  toluene,  C|Hg,  by  converting  that  compound  into  benzyl  chloride, 
C.H^Cl,  by  the  action  of  chlorine  at  high  temperatures  (p.  496),  and  dis- 
tilling this  chloride  with  potash : 

C^H^Cl        +        KOH        =        KCl        -I-        C^HyOH. 

3.  Together  with  other  products,  by  the  action  of  nascent  hydrogen  on 
benzoic  or  hippuric  acid  (see  those  acids). 

Benzyl  alcohol  is  a  colorless,  strongly  refracting,  oily  liquid,  having  a 
specific  gravity  of  1-051  at  14®  C.  (67°  F.),  and  boiling  at  206-5®  C.  (lO*'^ 
F.).  It  is  insoluble  in  water,  but  soluble  in  all  proportions  in  common  al- 
cohol, ether,  acetic  acid,  and  carbon  bisulphide.  By  oxygen  in  preseDce 
of  platinum  black,  or  by  nitric  acid,  it  is  converted  into  benzoic  aldehyde; 
by  aqueous  chromic  acid,  into  benzoic  acid: 

CeHs.CHjOH        +        0        =        OH,        -f        CjHj.COH 
Benzyl  alcohol.  Benzoic  aldehyde. 

CgHj.CH^OH        +        Oj       =        OH,        -f       C«H5.C0(0H) 
Benzyl  alcohol.  "  Benzoic  acid. 

*  Oannizzaro,  Ann.  Ch.  PlMrm.  IxxxWil.  1*20;  xc.  252;  xcil.  113. 
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Heated  with  boric  oxide,  it  ia  converted  into  benzyl  oxide^  C^ H^OCfHy,  or 
(CA),0: 

2CyHy(0H)  —  OH,  ==  (C^H,),0. 

Strong  hydrochloric  acid  conyerts  it  into  hmzyl  chloride,  C^H^Cl  (p.  49G). 
Distilled  with  acetic  acid  and  strong  sulphuric  acid^  it  is  converted  into 
bmxyl  acetcUe,  C,H7(0C,H,0),  a  liquid  having  an  odor  of  pears,  and  boiling 
at210*»C.  (410P.) 

Xylyl  Aleohol,  Cffl^fi  =  C8Hj(0H)=:C,H7.  CH,0H,  or  CeH^(CH)3 .  CH,0H, 
also  called  Toluylie  aUohol.  —  The  formation  of  this  compound  is  exactly 
analogous  to  that  of  the  preceding,  viz.:  1.  Together  with  toluic  acid, 
(Cj^HgO,),  by  the  action  of  alcoholic  potash  on  toluic  aldehyde,  (CgHgO]. 
2.  By  distilling  xylyl  chloride  (p.  498)  with  potash.  It  is  a  white  crystal- 
line body,  which  melts  between  68'6»  and  69  5°  0.  (138*>  and  HO''  F.),  and 
boils  at  217°  C.  (422<'  F.).     Nitric  acid  converts  it  into  toluic  aldehyde. 

Xylyl  chloride,  CgH^Cl,  is  obtained,  as  already  observed,  by  the  action  of 
chlorine  on  xylene-vapor  at  high  temperatures ;  and  this  chloride,  treated 
with  sulph-hydrate  and  potassium  sulphide,  yields  xylyl  mlph-hydrate, 
CgH,(SH),  and  xylyl  sulphide  (Cffl^)^, 

Cymyl  Alcohol,  CioHi^O=C,oHj,(OH)=C,Hu  CH,0H,  also  called  Cumyric 
Alcohol. — This  alcohol,  discovered  by  Kraut,*  is  produced  by  the  action 
of  alcoholic  potash  on  cuminic  aldehyde : 

2C,oH„0    +    KOH    =    CioH,iO.,K    -f-    CjoH^O 
Cuminio  Potassium  Cymyl 

aldehyde.  cuminate.  alcohol. 

It  is  a  colorless  liquid,  boiling  at  248°  C.  (470°  F.),  insoluble  in  water, 
Bolable  in  all  proportions  in  common  alcohol  and  ether.  Nitric  acid  con- 
verts it  into  euminie  acid.  Boiled  with  alcoholic  potash,  it  ia  converted  into 
potaatium  euminate  and  eymene : 

8C10H14O    -f-    KOH    =    C,oH„0,K    +    2CioHj4    +    20H, 
Cymyl  Potassium  Cymene. 

alcohol.  cuminate. 

Hydrochloric  acid  gas  converts  it  into  cymyl  chloride,  CjqHj^CI. 

8yeooeryl  Alcohol,  CigH5-0=C,8Hgj(OH)=CH„H^.CH-OH.— This  com- 
pound, discovered  by  De  la  Kue  and  Miiller,-|-  is  produced  by  the  action  of 
alcoholic  soda  on  sycoceryl  acetate  (a  crystalline  substance  extracted  from 
the  resin  of  Fieus  rubiyinosa),  and  purified  by  precipitation  with  water  or 
by  crystallization  from  common  alcohol.  It  forms  very  thin  crystals  re- 
sembling caffeine,  and  melting  at  90°  to  a  liquid  heavier  than  water.  It 
is  slowly  attacked  by  dilute  nitric  acid,  yielding  a  crystalline  mass  ap- 
parently consisting  of  a  mixture  of  ai/coeerie  acid,  CigH^gO,,  and  nitroai/cocerie 
ocid,  C|gH^N0.)02.  Boiled  with  dilute  aqueous  chromic  acid,  it  yields  thin 
prisms,  probably  of  Syeoceric  aldehyde,  CjgHjjO.  With  acetyl  chloride,  it 
forms  crystalline  tycoceryl  acetate: 

CigH^OH    +    C.HgOCl    =    Ha    +    CjgH^^OCjHjO 
Sycoceryl  Acetyl  Sycoceryl 

alcohoL  chloride.  acetate. 

With  benzoic  acid  it  yields,  in  like  manner,  tyeoceryl  benzoate,  CjgHjgOC^HgO, 
which  crystallizes  in  prinms  from  solution  in  benzene  or  chloroform. 

The  resin  of  Fietu  mbiginoaa,  an  Australian  plant,  is  resolved  by  treat- 
ment with  alcohol,  into  about  78  per  cent,  of  sycoretin,  soluble  in  cold  alcohol, 

*  Ann.  Oh.  Pharm.  xdl.  60.  f  Phil.  Trans.  1860,  p.  43. 


650  AROMATIC   ALCOHOLS   AND   ETHERS. 

14  per  cent,  of  sycoceryl  acetate,  soluble  in  hot  alcohol,  and  18  percent  of 
residue,  consisting  of  caoutchouc,  sand,  and  fragments  of  bark.  Syeorttin 
is  an  amorphous  white  neutral  resin,  very  brittle  and  highly  electric;  it 
melts  in  boiling  water  to  a  thick  liquid  which  floats  on  the  surface.  It 
dissolves  easily  in  alcohol,  ether,  chloroform,  and  oil  of  turpentine. 


8EC0NDART  AROMATIC  ALCOHOLS;  PHBN0L8. 

Phenol,  CAi^O=.-C^ll fiH. — Phenyl  aleoholy  Phenic  aeid.  Carbolic  acid, Coal-tar 
creosote. — This  compound  is  produced:  1.  By  the  action  of  nitrous  acid  on 
aniline  (amidobenxene) : 

CeH^fNH,)     +     NO(OH)     =    C.H^COH)     +    OH,    -f-    N, 
Aniline.  Nitrous  Phenol. 

acid. 

2.  By  the  dry  distillation  of  salicylic  acid: 

C,HeO,        =        CO,        -f        C,H,0 
Salicylic  Carbon  PhenoL 

acid.  dioxide. 

It  may  be  couTeniently  prepared  by  heating  crystallized  salicylic  acid 
strongly  and  quickly  in  a  glass  retort,  either  alone  or  mixed  with  pounded 
glass  or  quicklime.  Phenol  then  passes  oyer  into  the  receiver,  and  crys- 
tallizes almost  to  the  last  drop. 

8.  Phenol  is  produced  in  the  dry  distillation  of  coal,  and  forms  the  chief 
constituent  of  the  acid  portion  of  coal-tar  oil;  this  is  the  source  from  which 
it  is  most  frequently  obtained.  Crude  coal-tar  oil  is  agitated  with  a  mix- 
ture of  slaked  lime  and  water,  the  whole  being  left  for  a  considerable  time; 
the  aqueous  liquid  is  then  separated  from  the  undissolved  oil,  decomposed 
by  hydrochloric  acid,  and  the  oily  product  thus  obtained  is  purified  by 
cautious  distillation,  the  first  third  only  being  collected.  Or  the  coal-t&r 
oil  is  subjected  to  distillation  in  a  retort  furnished  with  a  thermometer,  and 
the  portion  which  passes  over  between  the  temperatures  of  160^  and  200° C. 
(302°  and  390°  F. )  is  collected  apart.  This  product  is  then  mixed  with  a  hot, 
strong  solution  of  caustic  potash,  and  left  to  stand,  whereby  a  whitish, 
somewhat  crystalline,  pasty  mass  is  obtained,  which  by  the  action  of  water 
is  resolved  into  a  light  oily  liquid  and  a  dense  alkaline  solution.  The  latter 
is  withdrawn  by  a  siphon,  decomposed  by  hydrochloric  acid,  and  the  sepa- 
rated oil  purified  by  contact  with  calcium  chloride,  and  redistillation. 
Lastly,  it  is  exposed  to  a  low  temperature,  and  the  crystals  formed  are 
drained  from  the  mother-liquid  and  carefully  preserved  from  the  air. 

Pure  phenol  forms  long,  colorless,  prismatic  needles,  which  melt  at  85° C. 
(95°  F.)  to  an  oily  liquid,  boiling  at  180°  C.  (356°  F.),  and  greatly  resem- 
bling creosote  *  in  many  particulars,  having  a  very  penetrating  odor  and 
burning  taste,  and  attacking  the  skin  of  the  lips.  Its  sp.  gr.  is  1  065.  It 
is  slightly  soluble  in  water,  freely  in  alcohol  and  ether,  and  has  no  acid 
reaction  to  test-paper.  The  crystals  absorb  moisture  with  avidity,  and 
liquefy. f  It  coagulates  albumen,  and  is  a  powerful  antiseptic,  preserving 
meat  and  other  animal  nubstances  from  decompo!*ition,  and  even  removing 
the  fetid  odor  from  them  after  they  have  begun  to  putrefy.     It  has  also 

*  A  considerable  portion  of  the  croopotc  of  roDimerce  conilBta  of  phenol  or  carbuUc  add, 
more  or  lese  pure. 

t  Phenol  prepared  fh>m  salicylic  acid  is  much  less  deliqaescent  than  that  obtained  fron  oosl- 
tor. 


SECONDARY   AROMATIC   ALCOHOLS.  551 

been  saeceasfolly  used  by  Mr.  Crookes  for  destroying  the  infection  of  cattle 
plague.  Sulphur  and  iodine  dissolve  in  it;  nitric  acid,  chlorine,  and  bro- 
mine attack  it  with  energy,  forming  substitution-products,  all  of  which  are 
of  acid  character:  thus  with  chlorine  it  forms  the  two  compounds,  0^11^01./) 
and  CfHgCl^O;  and  wiih  nitric  acid  the  three  products,  C0H5<^NU2)O, 
C,H,(N0,),O,  and  CjH8(N0,),0. 

With  sulphuric  acid,  phenol  forms  tulphophenie  acid,  O^H^SO^,  or  C^H^ 
OS0,H,  which  assumes  a  syrupy  state  in  a  dry  vacuum.  This  acid  is  to  a 
certain  extent  analogous  in  compoaition  to  ethylsulphuric  acid,  and  forms 
a  soluble  barium  salt,  which  crystallizes  from  alcohol  in  minute  needles. 

Phenol  dissolves  in  alkalies,  forming  saltjs  called  phenateSf  which,  how- 
ever, are  difficult  to  obtain  in  detinite  form.  Potcutium  phenaie,  C^UgKO, 
obtained  by  heating  phenol  with  potassium,  or  with  solid  potassium  hy- 
drate, crystallizes  in  fine  white  needles.  On  heating  this  potaasium-com- 
pound  with  iodide  of  methyl,  ethyl,  or  amyl,  double  ethers  are  produced, 
viz.,  methyl-phenate,  or  anisol,  CfH^OCH,;  ethyl-phenate,  or  phenetol, 
CfEIjOCjHj,  and  amyl-phenate,  or  phenamylol,  CfH^OCjH,,.  These  bodies 
resemble  the  mixed  ethers  of  the  ordinary  alcohols  (p.  0O\^]  in  composition 
and  mode  of  formation,  but  differ  greatly  from  them  in  their  behavior  with 
sulphuric  and  nitric  acids,  with  which  in  fact  they  behave  just  like  phenol 
itself,  forming  substitution- products  possessing  acid  properties. 

Methyl phenate,  or  Anisol,  C^HgO  =r  CgHeOCH,,  is  also  produced,  with  evo- 
lution of  carbon  dioxide,  by  the  dry  distillation  of  methyl  salicylate,  C^H^ 
0, .  CHy  just  as  phenol  is  obtained  from  salicylic  acid  or  hydrogen  salicy- 
Ute,  C,UgO .  H  : 

C,H,0,.CH3        =        CO,        +        C.HjO    CH, 

Methyl  Methyl 

salicylate.  phenate. 

In  the  same  manner  also  may  ethyl  phenate  and  amyl  phenate  be  obtained 
from  the  corresponding  ethers  of  salicylic  acid. 

Anisol  is  a  colorless,  very  mobile  liquid,  having  a  pleasant  aromatic  odor, 
a  specific  gravity  of  0-991  at  16°  C.  (6i»«  F.),  and  boiling  without  decompo- 
sition at  152°  C.  (306°  F.).  It  dissolves  completely  in  strong  sulphuric 
acid,  forming  mlphanisolic  acid,  C^HgSO^.  Fuming  nitric  acid  acts  strongly 
on  anisol,  forming  three  substitution-products,  each  of  which  when  treated 
with  a  reducing  agent,  such  as  ammonium  sulphide,  yields  a  corresponding 
basic  amido-compound :  thus, 

C,II,(NO,)0  C,H^(NH,)0 

Nitranisol.  Nitranisidine. 

CtH«(NO,),0  C,H,(NH,),0 

Dinitranisol.  Dinitranisidine. 

C,H5(N03),0  C,H,(NH,),0 

Trinitranisol.  Trinitranisidine. 

No  SQch  substitution-products  are  obtained  from  the  mixed  or  compound 
ethers  of  any  primary  alcohol. 

Phenol,  distilled  with  phosphorus  pentackloride,  yields  a  distillate  contain- 
ing a  small  quantity  of  phenyl  chloride  or  chloro-benzene,  CgHjCl  (p.  494), 
and  a  residue  containing  a  triphenyl  phosphate,  PO^(C5H5)3,  or  diphenyl 
phosphate,  P04(CJl5)3H;  but  the  conditions  under  which  one  or  the  other 
of  these  compounds  is  formed  have  not  been  exactly  determined. 

Yf iih  benzoic  chloride,  phenol  yields  a  white,  fusible  crystalline  compound 
consisting  of  phenyl  benzoate,  or  benzyl  phenol: 

0«H5(OH)     +     C^HjOCl    =    HCl    +    CjH.OC^HjO 
Phenol.  Benzoic  Phenyl 

chloride,  benzoate. 
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Phenol,  heated  for  a  long  time  with  ammonia  in  sealed  tubes,  is  conTerted 
into  aniline,  C-^H^N. 

ChlorophenoU, — Monocblorophenol  has  not  been  obt«rrned. 

Vichlorophenol,  or  Chloropheneaie  acid,  C^H^CI^O,  is  produced  bj  the  com- 
paratively feeble  action  of  chlorine  on  phenol,  but  is  best  obtained  by  the 
dry  distillation  of  dichlorosalicylic  acid.  It  is  a  Tolatlle  oil,  insoluble  in 
water,  easily  soluble  in  alcohol  or  ether. 

Triehloropfunol,  or  Chloropheninc  acid,  QJL\Jo\fij  is  the  principal  product 
of  the  action  of  chlorine  on  phenol.  It  may  be  conveniently  prepared  froui 
those  portions  of  crude  coal-oil  which  boil  between  182®  and  204°  C.  (ZKAf 
and  400°  F.).  The  oil  is  saturated  with  chlorine,  and  distilled  in  the  open 
air,  the  first  and  last  portions  being  rejected ;  and  the  product  is  again 
treated  with  chlorine  until  the  whole  solidifies.  The  crystals  are  drained 
and  dissolved  in  hot  dilute  solution  of  ammonia :  on  cooling,  the  sparingly 
soluble  ammonium  chlorophenisate  crystallizes  out.  This  is  dissolved  in 
pure  water,  decomposed  by  hydrochloric  acid,  washed,  and  lastly  distilled. 

Chlorophenisic  acid  forms  exceedingly  fine,  colorless,  silky  needle^ 
which  melt  when  gently  heated :  it  has  a  very  penetrating,  persistent,  and 
characteristic  odor,  is  very  sparingly  soluble  in  water,  but  dissolves  freeij 
in  alcohol,  ether,  and  hot  concentrated  sulphuric  acid.  It  slowly  snblimM 
at  common  temperatures,  and  distils  with  ebullition  when  strongly  betted. 
It  forms  well-defined  salts,  the  general  formula  of  which  is  C,HplCl,0. 
When  treated  in  alcoholic  solution  with  excess  of  chlorine,  it  is  converted 
into  pentachlorophenol,  or  chlorophenusic  acid,  C,HC1^0,  which  is  ako 
crystalline. 

BromophenoU. — Three  bromophenols  have  been  obtained,  Tii.,  C^H^BrO 
and  C0H4Br2O,  by  distillation  of  monobromosalicylic  and  dibromosalicjlie 
acids ;  and  C^^rjd  by  the  action  of  bromine  in  excess  on  phenol.  The 
first  is  liquid ;  the  other  two  are  crystalline. 

lodophenoUf  C^HjIO,  C,H^I,0,  and  C^U^IJO,  are  produced  by  the  tction 
of  iodine-chloride  on  phenol. 

Nitrophenolt. — Three  of  these  compounds  are  known,  all  of  acid  character 

Mononitrophenolj  or  NUrophenasie  acid^  CsH^(N02)0,  is  obtained  by  distilling 
phenol  with  very  dilute  nitric  acid,  in  beautiful  yellow  needles,  soluble  in 
ammonia  and  potash,  and  yielding  a  beautiful  red  silver  salt,  CgH^AgOkOjIO. 

Dinitrophenol,  or  Nitrophenesie  acid^  C(U^(NOj),0,  may  be  prepared  airecdy 
from  the  oil  which  is  employed  in  the  preparation  of  mononitrophenol. 
The  oil  is  carefully  mixed  in  a  large  open  vessel  with  rather  more  thin  its 
own  weight  of  ordinary  nitric  acid.  The  action  is  very  violent.  The 
brownish-red  substance  produced  is  slightly  washed  with  water,  then  boiled 
with  dilute  ammonia,  and  filtered  hot.  A  brown  mass  remains  on  the  filter, 
which  is  preserved  to  prepare  trinitrophenol,  and  the  solution  deposits  on 
cooling  a  very  impure  ammoniacal  salt  of  nitrophenesic  acid,  which  requires 
several  successive  crystallizations,  after  which  it  is  decomposed  by  nitric 
acid,  and  the  product  is  crystallized  from  alcohol. 

Nitrophenesic  acid  forms  yellow  prismatic  crystals,  very  sparingly  soluble 
even  in  boiling  water,  but  freely  soluble  in  alcohol.  It  has  no  odor,  lis 
taste,  at  first  feeble,  becomes  after  a  short  time  very  bitter.  It  melts  at  104*. 
and  crystallizes  on  cooling.  In  very  small  quantity  it  may  be  distilled  with- 
out decomposition,  but  when  briskly  heated  it  often  detonates,  but  not  vio- 
lently. The  salts  of  this  acid  are  yellow  or  orange,  and  very  beautiful; 
they  are  mostly  soluble  in  water,  and  detonate  feebly  when  heated. 

Trmitrophenolj  or  Nitrophminc  and —  generally  called  Picric  add,  and  some- 
times Carbazotic  acuf— C,H,N,Oy  =  CaH,rNO,)jO.  —This  acid  may  be  eco- 
nomically prepared  from  impure  nitropiienesic  acid,  or  from  the'  brown 
mass  insoluble  in  dilute  ammonia  already  referred  to.  It  is  purified  bj  a 
process  similar  to  that  employed  in  the  case  of  the  preceding  covpoond. 
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It  is  also  one  of  the  altimate  products  of  the  action  of  nitric  acid  upon 
indigo  and  numerous  other  substances,  as  silk,  wool,  soYeral  resins,  espe- 
cially that  of  JTanthorrasa  haatili's  (yellow  gum  of  Botany  Buy),  salicin  and 
some  of  its  derivatives,  coumarin,  &c.  It  may  be  prepared  from  indigo  by 
adding  that  substance  in  coarse  powder,  and  by  small  proportions,  to  10  or 
12  times  its  weight  of  boiling  nitric  acid  of  sp.  gr.  1*43.  When  the  last  of 
the  indigo  has  been  added,  and  the  action,  at  first  extremely  violent,  has 
become  moderate,  an  additional  quantity  of  nitric  acid  may  be  poured  upon 
the  mixture,  and  the  boiling  kept  up  uniil  the  evolution  of  red  fumes  nearly 
ceases.  Wtien  cold,  the  impure  picric  acid  obtained  may  be  removed,  con- 
verted'into  potassium-salt,  several  times  recrystalllKed,  and  lastly,  decom- 
posed by  nitric  acid.  In  the  pure  state  it  forms  beautiful  pale-yellow  sculy 
crystals,  but  slightly  soluble  in  cold  water  and  of  insupportably  bitter  taste. 
Ficrie  acid  is  now  extensively  used  in  dyeing  yellow.  It  forms  a  series  of 
erystallizable  salts  of  a  yellow  or  orange  color.  The  potassium  salt,  C^H^K 
(N0j)30,  forms  brilliant  needles,  and  is  so  li*tle  soluble  in  cold  water  that 
a  solution  of  picric  acid  is  occasionally  used  as  a  precipitant  for  potassium. 
The  alkaline  salts  of  this  acid  explode  by  heat  with  extraordinary  violence. 
When  a  solution  of  picric  acid  is  distilled  with  calcium  hypochlorite,  or  a 
mixture  of  potassium  chlorate  and  hydrochloric  acid,  an  oily  liquid  of  a 
penetrating  odor  is  obtained,  having  a  sp.  gr.  of  1*665,  and  boiling  between 
114®  and  115°  C.  (237®  and  239®  F.).  This  substance,  chloropicrin,  has  the 
composition  CNO,Gl,,  which  is  that  of  chloroform  (CHOI,),  having  the  hy. 
drogen  replaced  by  nitryl.  Bromopicrin,  CNOgBr,,  is  obtained  in  like  man  • 
ner  by  treating  picric  acid  with  calcium  hypobromite. 

CresoU  C^HgO  =  C0H4(CH,) .  OH.  — This  compound  exists,  together  with 
phenol,  in  the  so-called  coal-tar  creosote,  and  is  separated,  by  fractional 
distillation.  It  is  also  contained,  together  with  phenol  and  other  com- 
pounds, in  the  tar  of  pine-wood,  and  is  obtained  therefrom  by  treating  the 
oil  which  passes  over  in  distillation  between  150®  and  220®  C.  (302®  and  408® 
F.),  with  weak  soda-lye  to  separate  hydrocarbons,  supersaturating  the  alka- 
line liquid  with  sulphuric  acid,  and  repeating  the  treatment  with  soda-lye 
and  sulphuric  acid,  till  the  oil  becomes  perfectly  soluble  in  the  alkaline 
liquid.  The  oil  thus  obtained  is  a  mixture  of  phenol  and  cresol,  which  are 
separated  by  fractional  distillation. 

Cresol  is  a  colorless,  strongly  refracting  liquid,  which  boils  at  203®  0. 
(397°  F.).  It  is  slightly  soluble  in  water,  and  mixes  in  all  proportions  with 
alcohol  and  ether.  It  reacts  with  potassium,  phosphorus  pentachloride, 
sulphuric  acid,  and  nitric  acid,  in  the  same  manner  as  phenol,  forming 
analogously  constituted  compounds.  Trinitrocresol^  or  Trinifrocresjflic  acidy 
C-H5(NO'j)jO,  crystallizes  in  yellow  needles  like  picric  acid:  its  potassium- 
salt,  CyH^K(N02)jO,  in  orange-re'i  needles,  moderately  soluble  in  water. 

Crysol  is  isomeric  with  benzyl  alcohol  and  with  anisol:  the  diflFerenco  of 
constitution  of  these  three  compouuUs  is  exhibited  in  the  following  dia- 
grams : 

H— C— C— H  H— C— C— OH  H  -  C— C— OCH, 

h4   Lh  nJt   U  H J    l!-H 

H— C=rC— CHjOH  H— C=C— CH,  H--C:=C— H 

Benzyl  alcohol.  Cresol.  Anisol. 

Eight-earbon  Xylylic  Phenols,  C,H]oO.  —  This  formula  may  include  two 
secondary  alcohols,  isomeric  with  xylyl  alcohol,  viz., 

Dimethyl-phenol C8H8(CH,),0H 

Ethyl-phenol C,H.(C,H5)0H. 

47 
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A  zylylio  phenol  is  mentioned  by  Hugo  Miiller  *  as  occarring  in  oosl-Ur. 
This  is  probably  dimethyl  phenol,  inasmuch  as  products  obtained  by  de- 
structive distillation  have  hitherto  been  found  to  contain  only  methyl  derira* 
tiyes  of  beniene.  The  portion  of  aloisol  (a  product  obtained  by  distilling 
aloes  with  lime),  trhich  is  soluble  in  potash,  has,  according  to  Benibold.t 
the  composition  of  a  xylylic  phenol,  and  is,  perhaps,  identical  with  that 
occurring  in  coal-tar. 

Pklorolt  an  oily  liquid  obtained  by  the  dry  distillation  of  the  barium  salt 
of  phloretic  acid,  C^Hi^O,,  has  also  the  composition  CgHj^O,  and  probably 
consists  of  ethyl-phenol.     Its  formation  is  represent«d  by  the  equation, 

C,H,,0,        =        CO,        -f        C,H,oO. 

Phlorol  is  a  colorless,  strongly  refracting  oil,  having  a  specific  grsTity 
of  10374  at  120  C.  (54°  F.),  and  boiling  between  190°  and  200°.  It  dij- 
solves  in  strong  sulphuric  acid,  forming  a  sulpho-acid  which  yieMs  a  soluble 
barium  salt.  With  chlorine  it  forms  a  substitution-product.  It  reacts  tio- 
lently  with  strong  nitric  acid,  forming  the  compound,  C,H.(NO,),0. 

Ten-earbon  Phenols. — The  formula,  C^Hi^O,  may  evidently  include  % 
considerable  number  of  phenols  isomeric  with  cymyl  alcohol  (p.  549); 
only  one  of  these,  however,  is  known,  vis.,  thymol^  and  even  of  tiiis  tbe 
exact  constitution  has  not  been  ascertained. 

Thymol,  OiqHj^O,  is  a  crystalline  body,  occurring  (together  with  thymene, 
CiqHj^  and  cymene,  CjoHj^)  in  the  volatile  oil  of  thyme  ( Thymua  vuigantl 
It  sometimes  crystallizes  out  spontaneously,  and  may  in  all  cases  be  sepa- 
rated by  agitating  the  oil  with  soda-solution,  and  supersaturating  the  alka- 
line liquid  with  hydrochloric  acid.  It  is  also  obtained  from  the  volatile  oil 
of  horse-mint  {Monar da  punctata)^  and  from  that  of  an  East  Indian  umbelU* 
ferous  plant  called  Ptychotis  Ajotvan. 

Thymol  crystallizes  in  transparent  rhomboidal  plates,  melting  at  44°.  Ii 
has  a  mild  odor,  peppery  taste,  and  boils  without  decomposition  at  220°  C. 
(428°  F.).  It  is  distinguished  from  cymyl  alcohol  by  yielding  with  oxidis- 
ing agents,  not  cuminic  acid,  but  thy  moil,  C^IIi^O..  With  sodium  it  forms 
the  compound,  CigHigNaO,  which  absorbs  carbon  dioxide,  forming  tbe  so- 
dium salt  of  thymotic  acid,  0,^11,^0,,  or  C|pH,.O.CO,.  Strong sulphurk add 
converts  thymol  into  tkymyUulphuric  acid^  ^^^\^0^.  With  Sromint  in  Bun- 
shine  it  yields  pmfabromothymol^  Cj^H^BrjO;  and  with  ekUrine,  C,eH„Cl,0. 
or  CjoHpClgO,  according  as  the  reaction  takes  place  in  the  shade  or  in  sun- 
shine ;  both  these,  as  well  as  the  bromine-compound,  are  crystalline. 

There  are  two  nitro-thymoU,  C,oH„(NOJ,0  and  C,oHi,(NO,)jO,  obtained 
by  the  action  of  nitric  acid  on  thymyi-sulphuric  acid.  Both  form  potaMium- 
salts,  which  crystallize  in  yellow  or  orange-yellow  needles. 


c«  Xonatomlo  Alcohols,  Cnn^^gO,  or  CaH,n.f  (OH). 

Two  only  of  these  bodies  are  known,  viz.,  cinnyl  alcohol  and  cholesterin. 

Cinnyl  Alcohol,  Styryl  Alcohol,  or  Styrone,  CgHjoO,  or  CgH^OH,  is  oblaiopd 
by  heating  styracin  or  cinnyl  cinnamate,  (\llf(OCgHfO),  (a  compound  con- 
tained in  liquid  storax  and  in  bal^iam  of  Peru.)  with  caustic  alkalies.  It 
crystallizes  in  soft  silky  needles,  having  a  sweet  taste  and  an  odor  of  bvi- 
cinths,  melting  at  33°,  and  volatilizing,  without  decomposition,  at  a  higher 

•  Zeitwhritt  flir  Chemie,  1866,  p.  271.  f  Ann.  Ch.  Phaxtt.  cxxxfUL  ISflL 
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temperatare.  It  is  moderatelj  soluble  in  water,  freely  in  alcohol  and  ether. 
By  oxidising  agents  it  is  converted  into  cinnamie  aldehyde,  C^HgO,  and  cm' 
namie  acid.,  CyHgO^  being  related  to  those  compounds  in  the  same  manner  as 
ethjl  alcohol  to  acetic  aldehyde  and  acetic  acid.  With  fuming  sulphurie 
acid  it  forms  a  sulpho-aoid,  C^igSOj,  the  barium-salt  of  which  is  soluble 
in  water. 

GholMteria,  C^gH^O  =  C^H^(OH^.  —  This  substance  is  found  in  small 
quantity  in  various  parts  of  the  animal  system,  as  in  the  bile,  the  brain 
and  nerves,  and  the  blood:  it  forms  the  chief  ingredient  of  biUary  ealeuU, 
from  which  it  is  easily  extracted  by  boiling  the  powdered  gall-stones  in 
strong  alcohol,  and  filtering  the  solution  while  hot ;  on  cooling,  the  choles- 
terin  crystallizes  in  brilliant  colorless  plates.  It  is  a  fatty  substance,  in- 
soluble in  water,  tasteless  and  Inodorous;  it  is  freely  soluble  in  boiling 
spirit  and  in  ether,  and  crystallizes  from  the  alcoholic  solution  in  beautiful 
white  laminsB  having  a  mother-of-pearl  lustre.  It  melts  at  137®  0.  (279°  F.), 
and  sublimes  at  200''  C.  r392'>  F.). 

Heated  with  strong  sulphuric  acid,  it  gives  up  water,  and  yields  a  res- 
inous hydrocarbon,  Cj^H^,.  With  nitric  acid  it  yields  cholesterio  acid, 
Cfijfi^  together  with  other  products.  With  chlorine  and  bromine  it  forms 
substitution-products.  Heated  to  200®  with  acetic,  butyric,  benzoic,  and 
stearic  acids,  it  forms  compound  ethers,  thus: 

C«H«(OH)     -f    C,.H„0(OH)    =    C^H,3(0C„H^0)    +    OH, 
Cholesterin.  Stearic  Cholesteryl 

acid.  stearate. 
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The  diatomic  alcohols  are  derived  from  saturated  hydrocarbons  by  sub- 
stitution of  two  equivalents  of  hydro xyl  for  two  at4>ms  of  hydrogen,  and 
may,  therefore,  be  regarded  as  compounds  of  bivalent  alcohol  radicals  with 
two  equivalents  of  hydroxyl.  Thus  ethene  alcohol,  C^H^O^  may  be  formu- 
lated in  either  of  the  three  following  ways: 

rCH,  CHjOH 

cj?„  i„^„  (C,H,K'(OH),; 

^  ^  OH  CHjOH 

OH 

the  first  of  which  represents  it  as  a  derivative  of  methane,  CH. ;  the  second 

OH, 
as  a  derivative  of  ethane    I      ;  the  third  as  a  compound  of  ethene,  C,H^, 

with  hydroxyl ;  or  as  derived  from  a  double  molecule  of  water,  H2(0H),, 
by  substitution  of  ethene  for  two  atoms  of  hydrogen. 

Two  series  of  these  alcohols  are  known ;  the  first  derived  from  the  par- 
afiSins,  the  second  from  the  aromatic  hydrocarbons. 

1.— Diatomic  Alcohols,  CJl^^fi^  or  (C.Hfc)''(0H),. 

The  alcohols  of  this  series  are  designated  by  the  generic  name  of  y2y- 
cok*  They  may  be  regarded  as  compounds  of  defines  with  two  equivalents 
of  hydroxyl.     The  following  are  known : 

*  Thii  term,  fonned  from  the  first  syllable  of  glycfrin  and  the  last  of  olooAoI,  indicates  that 
the  oompoiindi  to  which  it  is  applied  are  intermediate  between  the  alcohols,  commonly  a« 
called,  and  the  glycerins  or  triatomic  alcohols. 
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Name.  VonnaU.  BoIUo^  poiot. 

Ethene  alcohol .     .     .  C,H,0,  =  C,H^(OH)j    197-5«  C.  (388«»P.). 
Propene  alcohol     .     .  CjllgO,  =  C,ll,(OH),    lb«°-189«  C.  (870«-S72'»  F.). 

Quartene^or  Butylene  |  c^h^O,  =  C^Hg(OH),     183°-184«>  C.  (861°-^65'»  F.). 

^'''''''2oho^'°^^'°'}<^*"iA=  C,H«(OH).   177- C.  (3510F.). 
Octene  alcohol  .     .     .  C8n,80,=  CeH^COH),  236°-24(>°C.  (455«-4e4«F.). 

Methene  alcohol,  CH2(0U)^  has  not  been  obtained. 

The  glycols  are  formed  by  the  following  processes : 

1.  By  combining  an  olefine  with  bromine;  treating  the  resulting dibro- 
mide  with  an  alcoholic  solution  of  potassium  acetate  or  with  silver  aceute, 
whereby  it  is  converted  into  a  diacetate  of  the  olefine ;  and  decompo!>ing 
this  compound  with  solid  potassium  hydrate,  whereby  potassium  acetate 
and  a  diatomic  alcohol  are  formed,  the  latter  of  which  may  be  distilled  off. 


CH^r  CH,OC,H,0 

+    2AgOC^p     =     2AgBr    -}-      I 
H,Br  CH,OC,H,0 


i 


Ethene  bromide.  Silver  acetate.  Ethene  diaceUte. 

CKfiCfifi  CHjOH 


I  +  2K0H       =r       2K0C,H/>    -}-      I 

CH.OCgHjO  C    _ 

Ethene  di-     Potassium  Potassium  Ethene 


H,OH 


acetate.        hydrate.  acetate.  alcohoL 

2.  By  treating  a  monochlorohydrate  corresponding  to  a  triatomic  alcohol 
(a  glycerin)  with  nascent  hydrogen  (evolved  from  water  by  sodium  amal- 
gam) ;  the  chlorine  is  then  replaced  by  hydrogen,  and  a  diatomic  alcohol 
results;  thus, 

(c,H4)^^^(on),ci   4-   HH  =  na  4-   (c,h«)'{oh), 

Propenyl  monochloro-  Propene 

hydrate.  alcohol. 

Properties,— The  glycols  are  colorless,  inodorous,  more  or  less  viscid 
liquids,  freely  soluble  in  water  and  alcohol ;  ethene  alcohol  is  but  sparinglj 
soluble  in  ether ;  the  rest  dissolves  easily  in  that  liquid.  The  boiling  points 
of  ethene,  propene.  quartene,  and  quintene  glycols^  exhibit  the  singular 
anomaly  of  becoming  lower  as  the  molecular  weight  of  the  eompoona  in- 
creases (see  table,  above) :  octene  glycol,  however,  exhibits  a  higher  boil- 
ing point.  This  anomaly  probably  arises  from  diflFerence  of  constitution  m 
the  successive  terms  of  the  series  at  present  known,  ethene  glycol  being  » 
primary  alcohol,  whereas  the  higher  numbers  may  be  secondary  or  tertiary 
alcohols.  Thus  the  ethene  and  propene  glycols  probably  differ  in  conBli- 
tution  in  the  manner  shown  by  the  following  formula : 

CH,OH  H,C  OH, 

fcH^OH  HOCOH 

Ethene  Propene 

alcohol.  alcohol. 

The  reactions  of  the  higher  glycols  are  not  sufficiently  known  ^^,^^1^^ 
this  question :  it  is  known,  however,  that  propene  alcohol  heated  with  hj- 
driodic  acid,  yields  isopropyl  iodide. 

The  chemical  reactions  of  the  glycols  have  been  studied  chiefly  in  the 
case  of  ethene  alcohol.     They  are,  for  the  most  part,  similar  to  those  of  the 
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monfttomtc  alcohols ;  but  inasmuch  as  the  glycols  contain  two  atoms  of  re- 
placeable hydrogen,  or  of  hydroxyl,  the  reactions  generally  take  place  by 
two  stages,  yielding  two  series  of  products. 

1.  £thene  alcohol  treated  with  nitric  acid  gives  up  2  or  4  atoms  of  hydro- 
gen in  exchange  for  oxygen,  and  is  converted  into  glyeolliCy  or  oxalic  acid, 
according  as  the  action  takes  place  at  ordinary  or  at  higher  temperatures, 


CHjOH 

CH,OH 

Glycol. 

CHjOH 

CH,OH 

Ethene 
alcohol. 


+    0,   =    OH,    -(- 


-1-04=  20H,    4- 


CHjOH 

CO(OH) 

Glycollic 

acid. 

CO(OH) 

CO(OH) 
Oxalic  acid. 


Under  certain  circumstances  the  corresponding  aldehydes  are  also  pro- 

COU 
dueed,  as  glyoxal^  I       ,  from  ethene  alcohol,  by  removal  of  four  hydrogen- 

COH 
atoms  without  substitution. 
Ethene  alcohol  is  also  converted  into  oxalic  acid  by  fusion  with  jMtaxA.- 


C.H,0, 

Ethene 
alcohol. 


2K0H        =        CjO^K, 

Potassium 
oxalate. 


+        *H. 


Propene  glycol,  CjH^O,,  is  converted  into  lactic  acid,  Qfifi^  by  slow  oxida- 
tion in  contact  with  platinum  black.  When  heated  with  dilute  nitric  acid 
it  yields  glycollic  add,  losing  carbon  as  well  as  hydrogen ;  and  concentrated 
nitric  acid  oxidizes  it  still  further  to  oxaUe  add, 

Quartene  glycol,  04H,Q0y  is  converted  by  slow  oxidation  with  nitric  acid 
into  oxyhutyric  add,  C4H,0,,  and  when  the  action  is  accelerated  by  heat, 
into  oxalic  add.  Quintene  glycol,  CfH^jO,,  likewise  yields  oxybutyric  acid  by 
slow  oxidation  with  dilute  nitric  acid. 

2.  Potatnum  and  todium  eliminate  one  or  two  atoms  of  hydrogen  f^om  the 
glycols,  and  form  substitution-products.  Ethene  alcohol  is  strongly  attacked 
by  sodium,  yielding  todium  ethenate,  C.HgNaO,;  and  this  compound,  fused 
with  excess  of  sodium,  is  converted  into  disodium  cthenatc^  CgH^Na^O,. 
These  compounds,  treated  with  monatomio  alcoholic  iodides,  yield  the 
alcoholic  ethers  of  the  glycols ;  thus. 


CHjONa 


t 


^hjoh 

Sodium 
ethenate. 

CHjONa 


+      C,H,I   ==      Nal    -f- 


Ethvl 
iodide. 


Sodium 
iodide. 


t 


HjONa 
Disodium 
ethenate. 


-f    2C,H^  =  2NaI      + 


Ethyl 
iodide. 


Sodium 
iodide. 


CH,OC,Hg 

CH.OH 

Ethyl 

ethenate. 

CHjOCjH, 

CHjOCjH. 

Diethyl 

ethenate. 


3.  Oxygen  add»,  heated  with  glycols  in  closed  vessels,  act  upon  them  in 
the  same  manner  as  upon  the  monatomic  alcohols,  converting  them  into 
fthareal  salts  or  e&mpaund  etherSf  mono-acid  or  di-acid,  according  to  the  pro- 
47* 
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portioDB  used.     In  the  di-acid  gljool-ethers,  the  two  radicals  by  which  the 
hydrogen  is  replaced  may  belong  either  to  the  same  or  to  different  acids; 


CHjOH 

CH,OH 

Ethene 

glycol. 

CHjOH 

CHjOH 
Ethene 
glycol 

CH,OH 

CH,OC,H,0 
Ethene 
mono-acetate. 


-f      HOCjHjO      =      OH,      + 

Acetic 
acid. 

+    2H0C,H,0      =    20H,     + 


CH,OH 

CEflCfifi 
Ethene  mono- 
acetate. 

CH,OC,H,0 


<! 


Acetic 
acid. 


HOC4HyO       ==      OH,      4- 

Butyric 
acid. 


HJX!,HgO 

Ethene. 

di-acetate. 


CHjOC^HyO 

CH.OC,H,0 
Ethene 
butyracetate. 


The  haloid  acids  act  in  the  same  manner  as  oxygen-acids,  excepting  that 
the  reaction  never  goes  beyond  the  first  stage ;  e,  g,^ 


CHjOH 

CHjOH 

Ethene 

alcohol. 


Ha 


=      OH,      + 


CH,Cl 

CHjOH 
Ethene 
chloro-hydrate. 


The  bichlorinated,  bibrominated  ethers,  &o.,  resulting  from  the  substitu- 
tion of  the  remaining  equivalent  of  hydroxyl  by  the  haloid  element,  mtj, 
however,  be  obtained  from  the  glycols  by  the  action  of  the  chlorides,  bro- 
mides, and  iodides  of  phosphorus;  e.  g.^ 

C,H4(0H),    +        2PCI5      =      2PC1,0  +      2HC1      -}-  C,H,C1, 

Ethene  Phosphorus      Phosphorus         Hydrogen  Ethene 

alcohol.  penta-  oxy-  chloride.  chloride. 

chloride.  chloride. 

The  same  compounds  are  produced,  as  already  observed,  by  direct  combi- 
nation of  chlorine,  bromine,  and  iodine  with  the  defines. 

Ethenb  Chloride.  C^H^Cl^  has  long  been  known  by  the  name  of  DirffA 
liquid^  having  been  discovered  by  four  Dutch  chemists  in  1795.  When  equal 
measures  of  ethene  gas  and  clilorine  are  mixed  over  water,  absorption  of 
the  mixture  takes  place,  and  a  yellowish  oily  liquid  is  produced,  which 
collects  upon  the  surface  of  the  water,  and  ultimately  sinks  to  the  bottom 
in  drops.  It  may  be  easily  prepared,  in  quantity,  by  causing  the  two  gases 
to  combine  in  a  glass  globe,  having  a  narrow  neck  at  the  lower  part,  dip- 
ping into  a  small  bottle,  destined  to  receive  the  product.  The  two  gssefl 
are  conveyed  by  separate  tubes,  and  allowed  to  mix  in  the  globe,  the  ethene 
gas  being  kept  a  little  in  excess.  The  chlorine  should  be  washed  with 
water,  and  the  ethene  passed  through  strong  oil  of  vitriol,  to  remove  vapor 
of  ether:  the  presence  of  sulphurous  and  carbonic  acids  is  not  injurious. 
Combination  takes  place  very  rapidly,  and  the  liquid  product  trickles  down 
the  sides  of  the  globe  into  the  receiver.  When  a  considerable  quantity  hu 
been  collected,  it  is  agitated,  first  with  water,  and  afterward  with  concen- 
trated sulphuric  acid,  and,  lastly,  purified  by  distillation. 
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Fig,  192. 


Fure  ethene  chloride  is  a  thin,  colorless  liquid,  of  agreeably  fragrant 
odor,  and  sweet  taste :  it  is  slightly  soluble  in  water,  and  readily  so  in  alco- 
hol and  ether.  It  is  heavier  than  water,  and  boils  when  heated  to  82-8°  C. 
(1$0°  F.);  it  is  unaffected  by  oil  of  Titriol,  or  solid 
potassium  hydrate.  When  inflamed,  it  burns  with  a 
greenish,  smoky  light  When  treated  with  an  alco- 
holic solution  of  potash,  it  is  slowly  resoWed  into 
potassium  chloride,  which  separates,  and  an  exceed- 
ingly volatile  substance,  containing  C,H,Cl,  whose 
taper  requires  to  be  cooled  down  to  — 18®  C.  (0°  F.) 
before  it  condenses.  At  this  temperature  it  forms  a 
limpid,  colorless  liquid.  Chlorine  is  absorbed  by  this 
Utter  substance,  and  a  compound  is  produced,  which 
contains  C2H3CI,:  this  is  in  turn  decomposed  by  an 
alcoholic  solution  of  potash  into  potassium  chloride 
and  another  volatile  liquid,  C^HjCl^  This  series  of 
reactions  is  analogous  to  that  already  noticed  in  the 
case  of  the  bromine  compounds  (p.  4t>5). 

PRODVCTS  OF  THE  ACTION  07  ChLOBINB  ON  EtHENE 

Chloride  ;  Chlorides  or  Carbon.  —  Ethene  chloride 
readily  absorbs  chlorine  gas,  and  yields  four  new 
compounds,  produced  by  the  abstraction  of  successive 
portions  of  hydrogen,  and  its  replacement  by  equiv- 
alent quantities  of  chlorine.  Three  out  of  the  four 
are  volatile  liquids,  containing  respectively,  C^IIgCl,, 
C,H,Cl4,  and  CjHClj;  the  fourth,  CjClj,  in  which  the 
pubstitntion  of  chlorine  for  hydrogen  is  complete,  is 
the  chloride  of  carbon  long  ago  obtained  by  Faraday  by  putting  Dutch  liquid 
Into  a  vessel  of  chlorine  gas,  and  exposing  it  to  sunshine. 

CCl, 
Carbon  trichloridif  C,C1^  or   i      ,  the  chlorine  analogue  of  ethane,  C^H^, 


CCl,* 


is  a  white,  crystalline  substance,  of  aromatic  odor,  insoluble  in  water,  but 
easily  dissolved  by  alcohol  and  ether:  it  melts  at  160<^  C.  (820®  F.),  and 
boils  at  a  temperature  a  little  above.  It  burns  with  difiSculty,  and  is  not 
altered  by  distillation  with  aqueous  or  alcoholic  potash. 

Its  vapor,  passed  through  n  red-hot  porcelain  tube  filled  with  fragments 
of  glas!t  or  rock-crystal,  is  decomposed  into  free  chlorine,  and  the  dichlo" 
rid%  C,Cl^,  analogous  to  ethene.  This  substance  condenses  in  the  form  of 
a  volatile,  colorless  liquid,  which  has  a  density  of  1*55,  and  boils  at  120° 
C.  (248°  F.).  The  density  of  its  vapor  is  6-82  (referred  to  air).  When 
heated  to  200°  C.  (392°  F.)  with  potassium  hydrate,  it  is  completely  con- 
verted into  potassium  chloride  and  oxalate,  with  evolution  of  hydrogen: 

CJC\^    +    CKOH    =    4KC1    +     C^K^O^    +    20H,    +     H,. 

It  absorbs  chlorine  and  bromine  in  sunshine,  forming  in  the  one  case  the 
trichloride,  C.C1«,  and  on  the  other  the  chlorobromide,  C^Cl^Br^  a  white 
crystalline  body  resembling  the  trichloride. 

Carbon  monochloride^  C^Cl,,  analogous  to  ethine  or  acetylene,  is  obtained 
by  passing  the  vapor  of  chloroform  or  of  carbon-dichloride  through  a  red- 
hot  tube.  It  forms  white  needles  subliming  between  175°  and  200°  C.  (847° 
and  392°  F.). 

Carbon  tetrachloride,  CCI4.  may  also  be  described  in  this  place,  though  it 
belongs  to  another  series,  being  the  chlorine  analogue  to  marsh-gas. 

It  is  formed  by  passin^r  (he  vapor  of  carbon  bisulphide,  togetlier  with 
chlorine,  through  a  red-hot  porcelain  tube.     A  mixture  of  sulphur  chloride 
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and  oarbon  tetrachloride  is  formed,  which  is  distilled  with  potash,  whereby 
the  chloride  of  sulphar  is  decomposed,  and  pure  tetrachloride  passes  OT«r. 
It  is  a  colorless  liquid  of  1*56  sp.  gr.,  and  boils  at  77°  C  {llif*  F.).  The 
same  compound  is  formed  by  exhausting  the  action  of  chlorine  upon  marsh- 
gas  or  methyl  chloride  in  sunshine.  An  alcoholic  solution  of  potash  cod> 
Terts  this  compound  into  a  mixture  of  potassium  chloride  and  carbonate. 

Ethkne  Bromide  and  Iodide,  C^H^Br,  and  CjH^I,,  are  produced  bj 
bringing  defiant  gas  in  contact  with  bromine  and  iodine.  The  bromide  is 
a  colorless  liquid,  of  agreeable  ethereal  odor,  and  has  a  density  of  2*16: 
it  boils  at  129-5''  C.  (265''  F.),  and  solidifies  when  cooled  to  near^-lS^. 
The  iodide  is  a  colorless,  crystalline,  volatile  substance,  of  penetrating 
odor:  it  melts  at  79°  C.  (174°  F.),  resists  the  action  of  sulphuric  acid,  bat 
is  decomposed  by  caustic  potash. 

The  action  of  bromine  upon  ethene  bromide  gives  rise  to  the  eomponnd 
O^HgBr,,  from  which  the  other  bromine-compounds  corresponding  to  the 
chlorine  bodies  above  mentioned  may  be  obtained  by  treatment  with 
bromine.  • 

£tbene  bromide  acts  strongly  upon  an  alcoholic  solution  of  potamum 
tulpk-hydraie,  forming  ethene  sulph-hydraie  or  ethene  mereapfan,  CfiJ&VL)j.  s 
colorless  oil,  which  is  partially  decomposed  by  distillation,  and  yields,  with 
lead  acetate,  a  yellow  precipitate  consisting  of  C2ll4S.Pb.  With  potauism 
mono*ulphide,  in  like  manner,  ethene  bromide  forms  ethene  sulphide,  C^H^, 
which  crystallizes  in  white  prisms. 

The  haloid  ethers  corresponding  to  the  higher  glycols  are  similar  in  their 
reactions  to  those  of  ethene  alcohol. 

OxTGBN  Ethers  of  the  Glycols. — The  ethereal  salts  of  the  gljeols 
(acetates,  butyrates,  &c.)  are  decomposed  by  alkalies  in  the  same  mamier 
as  those  of  the  monatomic  alcohols,  reproducing  the  alcohols  tbemselTes: 
this  is,  in  fact,  the  general  mode  of  preparing  the  glycols  (p.  556).  Bat 
the  mono-acid  haloid  ethers  of  the  glycols  are  decomposed  by  alkalies  in  a 
different  manner,  giving  up  the  elements  of  hydrochloric,  hydriodic,  or 
hydrobromic  acids,  and  leaving  an  oxide  of  the  diatomic  alcohol-radical; 
thus, 

(C,H.)'^C1(0H)  +  KOH  =  KCl  +  OH,  -f  (C.H^)''0 

£thene  Lthene 

chloro-hydrate.  oxide. 

Ethene  oxide  is  isomeric  with  aldehyde  and  with  vinyl  alcohol  (p.  4S4). 
It  is  a  transparent  colorless  liquid,  boiling  at  13  5°  C.  (56°  F.,)  (aldehyde 
boils  at  21°  C.  [70°  F.l),  and  miscible  in  all  proportions  with  water  and 
with  alcohol.  When  the  aqueous  solution  is  treated  with  todium  amalgcn, 
in  a  vessel  surrounded  with  a  freezing  mixture,  the  ethene  oxide  takes  up 
hydrogen,  and  is  converted  into  ethyl  alcohol: 

C,H^O        -f        H,        =        C,H,0. 

Ethene  oxide  unites  with  ammonia  in  several  proportions,  forming  the 
following  basic  compounds,  all  of  which  are  syrupy  liquids : 

Monoxethylenamine C,H40.NH- 

Dioxethylenamine fC,H40),.NHg 

Trioxethylenamine (0,11^0  }yNHj 

Tetroxethylenamine (C2H40)4.NH3. 

This  character  distinguishes  ethene  oxide  from  aldehyde,  which  forms 
with  ammonia  a  crystalline  compound  not  possessing  basic  propertieSw  A 
further  distinction  between  these  two  isomeric  bodies  is,  that  aldehyde 
forms  crystalline  compounds  with  the  acid  sulphites  of  the  alkali-metali), 
a  property  not  possessed  by  ethene  oxide. 
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Ethene  oxide  is  a  powerful  base,  uniting  directly  with  acidtf  precipitating 

magnesia  from  a  solution  of  magnesium  chloride  at  ordinary  temperatures, 

and  ferric  oxide  and  alumina  from  their  saline  solutions,  at  100°  C.     With 

f  CI 
hydrocAlorie  addf  it  forms  ethene  clilorohydrate,  (C^H^)^^-/  .vrr,  and  with 

f  OC  H  O 
ofelic  aeidy  ethene  acetohydrate,  or  monoacetate,   (CjHJ^^  <  ^^   •   .     It 

also  unites  with  watm"  in  several  proportions,  forming  glycol  and  other 
compounds  to  be  noticed  immediately. 

The  oxygen-ethers  of  the  higher  glycols  are  not  much  known ;  but  they 
appear  to  be  less  disposed  to  combine  with  water  and  acids  in  proportion 
as  their  molecules  become  heavier;  thus  amylene  oxide  does  not  appear  to 
reproduce  amylene  alcohol  by  combination  with  water. 

Polyeihenie  Alcohols.  —  These  are  bodies  which  contain  the  elements  of 
two  or  more  molecules  of  ethene  oxide  combined  with  one  molecule  of 
water,  and  may  be  regarded  as  formed  by  the  union  of  two  or  more  mole- 
cules of  glycol  (mono-ethenic  alcohol),  with  elimination  of  a  number  of 
water-molecules  less  by  one  than  the  number  of  glycol  molecules  which 
enter  into  combination ;  or  as  derived  from  three  or  more  molecules  of 
water,  by  substitution  of  ethene  for  the  whole  of  the  hydrogen  except  two 
atoms;  thus, 

CjH^jO,  or  (CaH.)''H,0,  =»    C^H^O.OH, 

Monethenic  alcohol  Ethene 

(glycol).  oxide. 

C4H,pO,  or  (C,H4)^',HaO,  =    2C^nfi.0n^=z    2C^^fi--0T[^ 

Diethenic  alcohol.  Ethene  Glycol. 

oxide. 

^eHiA  or  (C,H^)'^,H,0^  =    SC.H^O.OHj  =    SC^HjO— 20H, 

Triethenic  alcohol.  Ethene  Glycol. 

oxide. 

GgH^O.or  (C,H4)'^^H,0,  =    4C,H^0.0H,  =    4CaH,0— 30H, 

Tetrethenic  alcohoL  Ethene  Glycol. 

oxide. 
Generally  — 

C^H^4.,0«+,  or  (C^^^y^Ttfi^^  =  nC,H40.0H,     =  «C,HeO— (»— 1)0H, 
n-ethenic  alcohol.  Ethene  Glycol. 

oxide. 

The  poly ethenic  nlcohols  are  formed:  1.  By  heating  ethene  oxide  with 
water  in  sealed  tubes.  In  this  manner  Wurtz  obtained  diethenic  alcohol 
together  with  monethenic,  and  a  small  quantity  of  tri-ethcnic  alcohol.  — 
2.  By  heating  ethene  oxide  with  glycol  in  sealed  tubes:  this  process  yields 
the  di- and  tri-ethenic  alcohols.  —  8.  By  heating  glycol  with  ethene  bro- 
mide in  sealed  tubes  to  100«'-120°  C.  (212°-248°  F.).  The  first  products  of 
this  reaction  are  diethenic  alcohol,  etbene  bromo-hydrate  and  water: 

8(C,H,)//H,0,  +C,H,Br,  =  (C-HJ^^.H^O,  +  2fCj,H,)^^Br(0H)  -f-  OH,; 
Monethenic  Ethene  Diethenic  Ethene  bromo- 

alcohol.  bromide.  alcohol.  hydrate. 

and  the  other  poly  ethenic  alcohols  are  formed,  each  from  the  one  next  be- 
low it  in  the  series,  by  the  action  of  ethene  bromo-hydrate,  according  to 
the  general  equation : 

(C,H,)^/.H,0„+,  +  (C,H,)'^Br(OH)  =  (C,H,)^/„+,H,0„+,  -f  HBr. 
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The  hydrobromic  acid  thus  formed  then  acts  on  the  excess  of  glycol  present, 
reproducing  ethene  bromo-hydrate,  and  thus  the  action  is  continued.  By 
this  process,  the  2-,  3>,  4-,  6-,  and  6-ethenio  alcohols  have  been  obtained 
and  separated  by  fractional  distillation;  and  when  a  sufficient  excess  of 
glycol  is  present,  the  temperature  being  kept  between  HOP  and  120°  C. 
(230<^  and  248°  F.),  still  higher  members  of  the  series  are  produced.* 

The  polyethenic  alcohols  are  syrupy  liquids,  becoming  more  viscid  as 
their  molecular  weight  increases:  their  boiling  point  rises  by  about  45®  for 
each  addition  of  C2H4O. 

Diethenie  alcohol,  C^HjoO,,  or  (CjH^)'^!!,©,,  boils  at  about  245*»;  the  den- 
sity of  its  Yapor  is  8*78  referred  to  air  as  unity ;  by  calculation  it  should 
be  8*67,  so  that  it  exhibits  the  normal  condensation  to  two  volumes.  By 
contact  with  platinum-black,  or  by  treatment  with  nitric  acid,  it  is  oxidized 
to  diglycoUic  acid,  Q^Jd^y  an  acid  isomeric  with  malio  acid,  and  formed 
from  diethenie  alcohol  by  substitution  of  O  for  H^  just  as  glycollic  acid. 
CjH^Og,  is  formed  from  monethenic  alcohol,  C^H^O. — Trieihewk  alcokoi, 
C«H,^0.,  or  (C,H.)^^.H,04,  is  oxidized  in  like  manner  to  ethene-digUfcoUk  aadj 

C«H„0»- 


2. — Diatomlo  Phenols,  €^^,^^0^ 

There  are  five  known  compounds  included  in  this  general  formula,  viz.: 

Oxyphenol  or  Pyrocatechin  .        .        ,         .  C,H,0, 

Orcin  1  p  „  ^ 

Guaiacol  (in  part)       / W^s^a 

Creosol     \  r  w  n 

Veratrol  / ^a**M"« 

Ozyphanol,  Ozyphenio  Acid,  or  Pyroeateehin,  C^H^O,  or  {CJS^Y'{OE)^ 
is  produced  by  heating  oxysalicylic  acid  to  210^-212°,  just  as  phenol  is 
produced  from  salicylic  acid : 

C,H«04       =       CO,       -f       c,n,o,; 

Oxysalicylic  acid.  OzyphenoL 

also  by  the  action  of  alkalies  on  iodophenol : 

C,HJ(OH)        -f        KOH        =        KI        +        C,H^(OH). 
Iodophenol.  OxyphenoL 

It  is  likewise  formed  by  the  dry  distillation  of  catechin  (a  substance  ob- 
tained from  catechu),  of  morintannic  acid  (the  yellow  coloring  matter  of 
Morwf  tinctoria),  and  of  wood,  whence  it  is  found  in  wood  vinegar :  it  does 
not  occur  in  coal-tar.  It  is  a  white  crystalline  body,  which  melts  at  111'' 
or  112°  C.  (280°-233°  F.),  and  volatilizes  even  at  lower  temperatures.  It 
has  a  bitter  taste,  and  scarcely  reddens  litmus.  In  contact  with  hydro- 
chloric acid,  it  colors  fir-wood  violet.  It  dissolves  in  water,  alcohol,  and 
ether.  The  aqueous  solution  forms  a  white  precipitate  with  Itad  neelate, 
and  colors /<?m'c  taltt  dark-green.  Nitric  acid  acts  upon  it  with  violence, 
forming  oxalic  acid  and  a  small  quantity  of  a  yellow  nitro-compound,  prob- 
ably nitro-oxyphenol.  With  aceh/l  chloride  it  forms  acetoxyphenol,  CgHj 
(C2HjO)02,  and  with  benzoyl  chloride^  benzoxyphenol,  C^iii(C^lifi)Oj,  both 
of  which  are  crystalline  bodies. 

Oroin,  CfH^O,.— This  substance  appears  to  exist  ready  formed  in  all  tbe 
lichens  (Lecanora  tartarea,  Roccella  tinetoria^  Variolaria  ordnOy  &c.),  whidi 

*  Lourtnto,  Ann.  Cfa.  Phaiin.  cxvii.  260. 
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are  used  for  the  preparation  of  archil  and  litmus ;  and  is  the  general  pro- 
duct of  the  decompo9ition  of  certain  acids  extracted  from  those  lichens 
(orsellinie  acid,  er>'tbric  acid,  &c  )  under  the  influence  of  heat  or  of  alka- 
lies. Orsellinic  acid,  CgH^O^,  when  boiled  with  baryta-water,  splits  up  into 
carbon  dioxide  and  orcin,  just  as  the  homologous  acid,  oxysalicjlic  acid, 
CfH^O^,  splits  up  into  carbon  dioxide  and  oxyphenol  (p.  502): 

C,H,0«        =        CO,        +        C,H,0, 

Hence  orcin  appears  to  have  the  constitution  of  a  diatomic  phenol.  To  ob- 
tain the  orcin,  the  excess  of  baryta  is  precipitated  from  the  liquid  by  car- 
bonic acid,  and  the  filtrate  evaporated  to  a  small  bulk.  It  forms,  when 
pure,  large  square  prisms,  which  have  a  slightly  yellowish  tint,  an  intensely 
sweet  taste,  and  a  high  degree  of  solubility  both  in  water  and  alcohol. 
When  heated,  it  loses  water,  and  melis  to  a  syrupy  liquid,  which  distils  un- 
changed. The  crystals  of  orcin  contain  C^HgO, .  OH,.  It  forms  substitu- 
tion-products with  chlorine  and  bromine. 

Obckin. — When  ammonia  is  added  to  a  solution  of  orcin,  and  the  whole 
is  exposed  to  the  air,  the  liquid  assumes  a  dark-red  or  purple  tint  by  ab- 
sorption of  oxygen;  a  slight  excess  of  acetic  acid  then  causes  the  precipi- 
tation of  a  deep-red  powder,  not  very  soluble  in  water,  but  freely  dissolved 
by  ammonia  and  fixed  alkalies,  with  a  purple  or  violet  color.  This  powder 
is  an  azotized  substance,  orcein^  formed  from  the  elements  of  the  ammonia 
and  the  orcin ;  it  probably  constitutes  the  chief  ingredient  of  the  red  dye- 
staff  of  the  commercial  articles  before  mentioned.  Orcein  probably  con- 
tains CfHfNOj,  according  to  which  formula,  its  formation  from  orcin,  under 
the  joint  influence  of  oxygen  and  ammonia,  may  be  represented  by  the 
equation : 

C.n^O,    -f    NH3    -f    0,    =    C,H,NO,    -f    20Hr 

Onaiacol  and  Creosol. — Guaiacum,  a  yellow  or  brown  resin  exuding  from 
a  West  Indian  tree  (Ouaiaeum  officinale),  yields  by  dry  distillation  an  oily 
liquid,  which,  when  washed  with  water  and  rectified  at  a  moderate  heat, 
pives  off,  first,  ffuaiacene^  CsHgO,  and  afterward  a  colorless  oil  called  guaia- 
col.  This  compound  has  a  specific  gravity  of  11 19  at  22°  C.  (72®  F.),  and 
boils  at  210°  C.  (410°  F  ).  It  is  soluble  in  alcohol,  slightly  soluble  in 
water.  Nilric  acid  converts  it  into  oxalic  acid  and  a  brown  resin.  With 
chlorine  and  bromine  it  forms  substitution-products.  It  dissolves  in  potash, 
and  forms  crystallizable  salts  with  other  bases.  Guaiacol  is  not,  however, 
a  perfectly  definite  compound,  but  a  mixture  in  varying  proportions  of  the 
homologous  compounds  C^HgO,  and  CgHjoO,  The  latter  compound  likewise 
exists  in  some  kinds  of  wood-creosote  :  hence  it  is  called  creoaol. 

Creosote  ob  Kreosotb. — This  substance,  discovered  by  Keichenbach, 
is  contained  in  many  kinds  of  wood-tar,  but  most  abundantly  in  the  heavy 
oil  of  beech-tar,  as  obtained  from  the  wood-vinegar  makers.  It  is  extracted 
and  purified  by  a  series  of  processes  similar  to  those -employed  for  the  pre- 
paration of  phenol  or  carbolic  acid  from  coal-tar  (p.  650). 

Creosote  is  a  colorless,  somewhat  viscid  oily  liquid,  of  great  refractive 
and  dispersive  power.  It  is  quite  neutral  to  test-paper;  has  a  penetrating 
and  most  peculiar  odor,  that,  namely,  of  smoked  meat,  and  a  pungent  and 
almost  insupportable  taste  when  placed  even  in  very  small  quantity  upon 
the  tongue.  Its  density  is  1037,  and  its  boiling-point  about  203°  C. 
(397°  F  ).  It  takes  fire  with  difficulty,  and  then  burns  with  a  smoky  light. 
When  quite  pure,  it  is  not  altered  by  exposure  to  the  air;  but  much  of  the 
creosote  of  commerce  gradually  turns  brown  under  these  circumstances. 
100  parts  of  cold  water  take  up  about  1}  part  of  creosote;  at  a  high  tem- 
perature rather  more  is  dissolved,  and  the  hot  solution  abandons  a  portion 
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on  cooling.  The  creosote  itself  absorbs  water  also  to  a  considerable  extent. 
In  acetic  acid  it  dissolves  in  much  larger  quantity.  Alcohol  and  ether  mix 
with  creosote  in  all  proportions.  Concentrated  sulphuric  acid,  bj  the  aid 
of  heat,  blackens  and  destroys  it.  Caustic  potash  dissolves  creosote  with 
great  facility,  and  forms  with  it  a  compound,  which  crystallizes  in  brilliant 
pearly  scales,  and  consists,  according  to  Hlasiweti,*  of  potassinm  ereosolate, 
CgHfKO^OH,.  When  distilled  with  dilute  sulphuric  acid,  it  yields  crroio^ 
CgH  joOy  By  treat  ing  creosote  with  potassium  in  an  at  mosphere  of  hydrogen, 
and  crystallizing  the  product  from  ether,  an  acid  potassium  creosolate  is 
obtained,  consisting  of  CgH^KO,.  C^HjoO,. 

Hlasiwetz  regards  beech-tar  creosote  as  an  ether  of  creosol,  represented 
either  by  the  formula  CgH^RO^  or  by  C,H^RO,.  C,H,gO^  in  which  R  denote:^ 
a  monatomic  alcohol-radical.  According  to  Fri8ch,f  it  consists  mainly  of 
acid  phenylic  creosol,  CgH,(Cfl{g)02.CgH,o02.  It  may  be  distingaished 
from  phenol  by  its  behavior  to  ferric  chloride,  an  alcoholic  solution  of  that 
salt  producing  a  green  color  with  creosote  and  brown  with  phenol:  an 
aqueous  solution  gives  no  color  with  creosote  and  a  blue  color  with  phenoL 
The  creosote  of  commerce  is,  however,  a  substance  of  very  variable  consti- 
tution, much  of  it  being  nothing  but  impure  phenols  (commonly  called 
coal-tar  creosote).  The  tar  of  pine-wood,  as  already  observed  (p.  553),  con- 
sists mainly  of  phenol  and  creosol. 

The  most  characteristic  property  of  wood-creosOte  is  it^  extraordinary 
antiseptic  power,  which  appears  to  be  even  greater  than  that  of  phenol  A 
piece  of  meat  steeped  in  a  very  dilute  solution  of  creosote  dries  up  to  a 
mummy-like  substance,  but  absolutely  refuses  to  putrefy.  The  wellrknown 
efficacy  of  impure  wood- vinegar  and  of  wood-smoke  in  preserving  proTisions 
is  doubtless  to  be  attributed  to  the  creosote  which  they  contain.  Both 
creosote  and  phenol  are  used  by  the  dentist  for  relieving  toothache  arising 
from  putrefactive  decay  in  the  substance  of  the  tooth. 

Veratrol,  CgHj^O,. — This  compound  is  obtained  by  distilling  verafric  acid 
(an  acid  extracted  from  the  seeds  of  Veratrum  Sahadilla)  with  excess  of 
baryta  at  a  gentle  heat,  the  mode  of  formation  being  that  of  the  phenols  in 
general  from  the  corresponding  acids  of  the  series  CnH|B— gO^. 


C,H,A.,    =        CO,       +       C,H„0, 
Verairic  acid.  Veratrol. 

Veratrol  is  a  colorless  oil  having  an  agreeable  aromatic  odor,  and  specific, 
gravity  1086  at  15«»;  it  solidifies  at  16«  C.  (b^  F.),  and  boUs  at  2O2*'-205'» 
C.  (3«5°-401°  F.).  Bromine  converts  it  into  Mromoveratrol,  CiH^BfjOj, 
which  forms  prismatic  crystals.  Nitric  acid  acts  strongly  upon  it,  formiDg 
nitroveratrol,  (^^^^(NOJO,.  which  crystallizes  from  alcohol  in  yellow  lamin*. 
and  d.nitroveratrol,  C^U^{SO^)fi^,  which  crystallizes  in  yellow  needles,  melt- 
ing at  10t)°,  and  then  volatilizing  without  decomposition. 

Anisic  Alcohol,  Cglf  iqC,. — Crude  anise  oil,  the  essential  oil  of  PimpineUa 
Anuuniy  contains  a  crystalline  substance,  C|oH,|0,  called  anelhol  or  anift 
camphor.  This  substance  when  oxidized  with  nitric  acid  is  converted  into 
anisic  aldehyde,  CgHgO,,  which,  when  treated  with  alcoholic  potash,  t^kes 
up  two  atoms  of  hydrogen  and  is  converted  into  anisic  alcohol^  Cgll ifi^  ( ju^^ 
as  benzoic  aldehyde,  CyH^O,  under  similar  circumstances  yields  benivl 
alcohol,  C^HgO;  p.  648).  Now  this  alcohol,  though  it  contains  two  atoms  of 
oxygen,  nevertheless  behaves,  not  like  a  diatomic,  but  like  a  moDfttoniic 
'alcohol,  yielding  only  one  series  of  ethers.  The  so-called  anisic  aleoli-l 
appears,  indeed,  to  be  really  the  methylio  ether  of  the  diatomic  alcohol, 

•  Ann.  Ch.  Pbarni.  c?L  339.  f  Journal  fUr  praktische  Chemie,  c.  288. 
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CfH fi^  ita  formula  being  C.H,(OCH.)OH ;  so  that  it  contains  only  one  atom 
of  replaceable  hydrogen.  Hyarochioric  acid  gas  converts  it  into  the  oor- 
responding  hydrochloric  ether,  CgH^C^OH),  or  CtH,{0CHj)C1(0H). 


TRIATOHIC  ALCOHOLS  AND  BTHEBS. 

Triatomic  alcohols  may  be  derived  from  saturated  hydrocarbons  by  sub- 
stitution of  three  equivalents  of  hydroxyl  for  three  atoms  of  hydrogen,  and 
may  accordingly  be  regarded  as  compounds  of  trivalent  alcohol  radicals 
with  three  equivalents  of  hydroxyl,  or  as  compounds  derived  from  a  triple 
molecule  of  water,  by  substitution  of  a  trivalent  radical  for  three  atoms  of 
hydrogen.  The  hydrocarbons  of  the  paraffin  series,  CnIIsD4.2.  should  ac- 
cordingly yield  a  series  of  triatomic  alcohols  of  the  form  (CbHsii~i)^^^(OH),, 
vii. : — 

Methenyl  alcohol CH(OH), 

Ethenyl  alcohol C2H3(OH), 

Propenyl  alcohol CjHg(OH)g 

Quartenyl  alcohol C4Hy(0H), 

Quintenyl  alcohol ^«'U(^^;8 

&c.  &c. 

Of  these,  however,  only  two  are  known,  viz.,  propenyl  alcohol^  or  glyeerin^ 
and  quintenyl  alcohol,  or  amy  I  glycerin.  There  are  also  two  or  three  bodies 
which  may  be  regarded  as  triatomic  phenols,  represented  by  the  general 
formula  CoH^^O,,  or  CnHft^^^fOH,). 

Each  triatomic  alcohol,  subjected  to  the  action  of  acids,  or  of  the  chlo- 
rides, bromides,  or  iodides  of  phosphorus,  may  yield  three  classes  of  ethers, 
derived  from  it  by  substitution  of  a  halogen  element,  or  acid  radical,  for 
part  or  the  whole  of  the  hydroxyl ;  thus,  from  glycerin  may  be  obtained 
the  three  hydrochloric  ethers,  C.HjC^OH),,  Cjflfi]fiH,  C,H.C1,.  and  the 
three  acetic  ethers,  C,H5(0CjH,0)(0II),,  C,H5(0CjH,0),0H,  and  CjH, 
(0C,H,0),. 

Xethenyl  Ethers.  —  Methenyl  alcohol,  CH(0H)3,  has  not  been  obtained; 
bat  ethers  are  known  which  may  be  derived  from  it,  by  substitution  of 
halogen  elements  for  the  three  equivalents  of  hydroxyl,  CHCl,  for  example. 
'These  compounds,  which  may  also  be  directly  derived  from  methane,  are 
usually  distinguished  by  names  ending  in  "form,"  to  denote  their  relation 
to  formic  acid,  (CH)^'^O(OH}. 

Methbntl  Chlobide  OB  Chlobofobm,  CHClg. — This  compound  is  pro- 
duced: 1.  Together  with  methene  chloride,  CH,CU  when  a  mixture  of 
chlorine  and  gaseous  methyl  chloride  is  exposed  to  the  sun's  rays  — 2.  By 
the  action  of  alkalies  on  chloral  (p.  517): 

C-HCljO        +        KOH        »        CHCl,        +        CH0,K 
Chloral.  Chloro-  Potassium 

form.  formate. 

8.  By  boiling  trichloracetic  acid  with  aqueous  alkalies: 

C,HC1,0,      4-       2K0H      =      CHCl,      -|-      CO3K,      +      OH, 
Trichlor-  Chloro-  Potassium 

acetic  acid.  form.  carbonate. 

4.  By  the  action  of  nascent  hydrogen  on  carbon  tetrachloride : 

CCI4        4-        H,        =        HCl        +        CHCV 
48 
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6.  67  the  action  of  hypochlorites,  or  of  chlorine  in  presence  of  alkalies, 
on  various  organic  substances,  as  methyl,  ethyl,  and  noiyl  alcohols,  acetic 
acid,  acetone.  &c.  The  reaction  is  complicated,  giving  rise  to  .several  other 
products;  with  common  alcoliol  and  calcium  hypochlorite  the  principal 
reaction  appears  to  be  — 

2C,H,0  +  6Cl,0,Ca  =  2CHC1,  -|-  2C0,Ca  -f-  2CaCl,  -|-  CaH,0,  -\-  40Hr 

Chloroform  is  prepared  on  the  large  scale  by  cautiously  distilling  together 
good  commercial  chloride  of  lime,  water,  and  alcohol.  The  whole  product 
distils  over  with  the  first  portions  of  water,  so  that  the  operation  may  be 
soon  interrupted  with  advantage.  The  chloroform,  which  constitutes  the 
oily  portion  of  the  distillate,  is  purified  by  agitation  with  water,  desicca- 
tion with  calcium  chloride,  and  distillation  in  a  water-bath. 

Chloroform  is  a  thin,  colorless  liquid  of  agreeable  ethereal  odor,  much 
resembling  that  of  Dutch  liquid,  and  of  a  sweetish  taste.  Ita  density  is 
1*48,  and  it  boils  at  61®  C.  (142®  F.):  the  density  of  its  vapor  (compared 
with  air)  is  4-20.  Chloroform  is  difficult  to  kindle,  and  burns  with  a  green- 
ish flame.  It  is  nearly  insoluble  in  water,  and  is  not  affected  by  concen- 
trated sulphuric  acid.  When  boiled  with  aqueous  potash  in  a  closed  tube, 
it  is  converted  into  potassium  chloride  and  formate : 

CHCI3        +        4H0K        =      8KC1      -}-      CHO(OK)      -f       20H, 
Chloroform.  Potassium  Potassium 

hydrate.  formate. 

Chloroform  is  well  known  for  its  remarkable  effects  upon  the  animal 
system,  in  producing  temporary  insensibility  to  pain  when  its  vapor  is 
inhaled. 

Beomoform,  CHBrg,  is  a  heavy,  volatile  liquid,  prepared  by  the  simul- 
taneous action  of  bromine  and  aqueous  alkalies  on  alcoholr  wood-spirit, 
and  acetone.  It  is  converted  by  caustic  potash  into  potassium  bromide 
and  formate. 

loDOFOBM,  CHI,,  is  a  solid,  yellow,  crystallizable  substance,  easily  ob- 
tained by  adding  alcoholic  solution  of  potash  to  tincture  of  iodine,  avoiding 
excess,  evaporating  the  whole  to  dryness,  and  treating  the  residue  with 
water.  It  is  nearly  insoluble  in  water,  but  dissolves  in  alcohol,  and  is  de- 
composed by  alkalies  in  the  same  manner  as  the  preceding  compounds. 
Bromine  converts  it  into  bromiodoform,  CHBr.I,  a  colorless  liquid  which 
solidifies  at  0°.  Iodoform  distilled  with  phosphorus  pentachloride  or  mer-' 
curie  chloride,  is  converted  into  rhloriodoform.  CHCl^I,  a  colorless  liquid 
of  sp.  gr.  1*96,  which  does  not  solidify,  at  any  temperature.  Nitroform, 
CH(NO,),,  a  body  analogous  in  composition  to  the  methenyl  ethers,  will  be 
considered  in  connection  with  the  cyanogen  compounds. 


Propenyl  Aloohol,  or  Olyoerin, 


CsHgO,        =        (C,H,)'''-!  OH        or        CHOH 

OH 


( 


OH  I 

CI 


CHjOH 


CH,< 


This  compound  is  obtained  by  the  action  of  alkalies  on  natural  fats, 
which  are,  in  fact,  the  propenylio  ethers  of  certain  fatty  acids ;  thus 
stearin,  one  of  the  constituents  of  mutton  suet,  consists  of  propenyl  tri- 
stearaie,  (CjH5)'''(0C,gH^0)j,  a  compound  derivable  from  glycerin  itself.  By 
substitution  of  stearyl,  CjgH^^O,  for  hydrogen.  Now,  when  stearin  is 
boiled  with  a  caustic  alkali,  it  is  converted  into  a  stearate  of  the  alkali- 
metal  and  glycerin,  thus: 
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CiH,rOC,gH,jO)j    +    8K0H    =    SKOCjsHjsO     +     CjH.(OH), 
ISteann.  PotasHium  Gljcerin. 

atearate. 

A  similar  reaction  takes  place  when  any  other  similarly  constituted  fat  is 
treated  with  a  caustic  alkali.  The  metallic  salts  of  the  fatty  acids  thus 
obtained  are  the  well-known  bodies  called  soapsy  and  the  process  is  called 
Mapomficaiion ;  this  term,  originally  restricted  to  actual  soap-making,  has 
been  extended  to  all  cases  of  the  resolution  of  a  compound  ether  into  an 
acid  and  an  alcohol,  such,  for  example,  as  the  conversion  of  ethyl  acetate 
into  acetic  acid  and  ethyl  alcohol  by  the  action  of  alcoholic  potash. 

Glycerin  was  originally  obtained  by  heating  together  olive  or  other  suit- 
able oil,  lead  oxide,  and  water,  as  in  the  manufacture  of  common  lead-plaster; 
an  insoluble  soap  of  lead  is  thereby  formed,  wbile  the  glycerin  remains  in 
the  aqueous  liquid.  The  latter  is  treated  with  sulphuretted  hydrogen, 
digested  with  animal  charcoal,  filtered  and  evaporated  in  a  vacuum  at  the 
temperature  of  the  air.  Glycerin  is  now  produced  in  very  large  quantity 
and  perfect  purity  in  the  decomposition  of  fatty  substances  by  means  of 
overheated  steam,  a  process  which  Mr.  George  Wilson  has  lately  introduced 
into  the  manufacture  of  candles.*  In  this  reaction  a  fatty  acid  and 
glycerin  are  produced  by  assimilation  of  the  elements  of  water ;  they  are 
carried  over  by  the  excess  of  steam  in  a  state  of  mechanical  mixture,  which 
rapidly  separates  into  two  layers  in  the  receiver.  The  reaction  is  exactly 
similar  to  that  which  takes  place  when  a  caustic  alkali  is  used  to  effect  the 
saponification,  e.  g. : 

C,H.(OC„H,jO),    +     30H,    =    SHOCjgHjjO    +     C,H5(0H), 
Stearin.  Stearic  acid.  Glycerin. 

Glycerin  may  also  be  produced  from  propenyl  bromide,  {(^fi.^'^'^r^,  a 
compound  formed,  as  already  observed,  by  the  action  of  bromine  on  allyl 
iodide,  C3H5I.  The  process  consists  in  converting  the  propenyl-bromide 
into  propenyl  triacetate,  (C3Hb)^^^(0C,H,0),,  by  the  action  of  silver  acetate, 
and  decomposing  this  compound  ether  with  potash. 

This  mode  of  formation  must  not,  however,  be  regarded  as  an  actual 
synthesis  of  glycerin  from  compounds  of  simpler  constitution;  for  the 
allyl-compounds  are  themselves  prepared  from  glycerin  (p.  544),  and  have 
never  yet  been  obtained  from  any  other  source. 

Glycerin  is  a  nearly  colorless  and  very  viscid  liquid,  of  sp.  gr.  1*27,  which 
cannot  be  made  to  crystallize.  It  has  an  intensely  sweet  taste,  and  mixes 
'  with  water  in  all  proportions :  its  solution  does  not  undergo  the  alcoholic 
fermentation,  but  when  mixed  with  yeast  and  kept  in  ^  warm  place,  it  is 
gradually  converted  into  propionic  acid.  Glycerin  has  no  action  on  vege- 
table colors.  Exposed  to  heat,  it  volatilizes  in  part,  darkens,  and  decom- 
poses, giving  off,  amongst  other  products,  a  substance  called  acrolein,  CgH^O, 
having  an  intensely  pungent  odor. 

Concentrated  nitric  acid  converts  glycerin  into  gli/ceric  aeid^  €311^04.  an  acid 
related  to  glycerin  in  the  same  manner  as  glycoUic  acid  to  glycol,  and 
acetic  acid  to  ethyl  alcohol ;  being  formed  from  it  by  substitution  of  oxygen 
for  two  atoms  of  hydrogen  in  immediate  relation  to  hy droxyl ;  thus : 


CHjOH  CH.OH 

CHOH  +   O,   =   OH,   4-    CHOH 

CH  fin  COOH 

Glycerin.  Glyceric  acid. 


*  By  TUgbman's  procen,  an  emnlnfon  of  wtdfr  anil  (kt  Is  pnmed  under  prearare  tbroagh  a 
highly  heated  tnbe,  and  after  dcltvwy  at  the  extreme  end  sepiirates  into  a  aolution  of 
glycerin  and  the  fiitty  acid.— B.  B. 
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The  formula  of  glycerin  indicates  the  posi^ibility  of  effecting  a  second  sab- 
stitution  of  the  same  kind,  which  would  yield  diglyeeric  acid,  CJBfig,  but 
this  acid  has  not  been  actually  obtained. 

Glycerin,  treated  with  a  mixture  of  strong  nitric  and  sulphuric  uids* 
forms  nitroglycerin,  Cfi^{^0^)^^^  a  heayy  oily  liquid  which  explodes  pover- 
fully  by  percussion.  It-  is  much  used  for  blasting  in  mines  and  quarries, 
but  is  very  dangerous  to  handle,  and  has  given  rise  to  several  &tal  ac- 
cidents. 

Glycerin  combines  with  the  elements  of  sulphuric  acid,  forming  a  ml- 
phogly eerie  add,  C3U3O2SO3,  which  gives  soluble  salts  with  lime,  baryta,  and 
lead  oxide. 

Monatomtc  oxygen  adds  (acetic,  benioic,  stearic,  &c.),  heated  in  sealed 
tubes  with  glycerin,  yield  compound  ethers,  in  which  1,  2,  or  3  hydrogen- 
atoms  of  the  glycerin  are  replaced  by  an  equivalent  quantity  of  the  kcid 
radical,  according  to  the  proportions  employed.  The  resulting  compeu&d 
ethers  are  denoted  by  names  ending  in  m ;  thus : 

aH^fOH),      +      HOC,H,0    =      C,H4(0H),0C^H,0      +    OH, 
Glycerin.  Acetic  acid.  Mono-acetin. 

C8H5(OH),      -I-     2H0C,H,0    =    C,H,(OH)(OCgH,0),    +    20H, 
Glycerin.  Acetic  acid.  IMaeetin. 

aH,{OH)g      +    8H0C,H,0    =        C.Hj^OOjH.O),         +    80H, 
Glycerin.  Acetic  acid.  Triacetin. 

The  glyceric  bthers  or  glgcerides  thus  produced  are,  for  the  most  ptrt, 
oily  liquids  increasing  in  viscidity  as  the  acid  from  which  they  are  formed 
has  a  higher  molecular  weight;  those  formed  from  the  higher  members  of 
the  fatty  acid  series,  Cn  H^^O,  (such  as  palmitic  and  stearic  acids),  are  solid 
fats.  Some  of  the  triacid  glycerides,  produced  artificially  in  the  way  jiut 
mentioned,  are  identical  with  natural  fats  occurring  in  the  bodies  of  plaoia 
and  animals ;  thus  tristearin  is  identical  with  the  stearin  of  beef  and  mutton 
suet;  triolein  with  the  olein  of  olive  oil,  &c. 

Hydroehlorie  and  hydrobromic  acids  act  upon  glycerin  in  the  same  manner 
as  oxygen  acids,  excepting  that  the  reaction  always  stops  at  the  second 
stage  (just  as  in  the  action  of  these  acids  on  the  glycols  it  stops  at  the  first 
stage).  The  ethers  thus  formed  are  called  cldorhydrinM  and  brtmkydriM,  &e., 
«.  g- : 

C.H5(0H)g    +     Ha    s=     O.H,(OH)^a     +    OH, 
Glycerin.  Cnlorhydrin. 

CjHg(OH),    +    2HC1  =     C,H,(0H)C1,    -f    20H, 
Glycerin.  Dichlorhydrin. 

Hydriodie  add  acts  somewhat  differently,  producing  an  ether,  C,H|,TO|. 
which  may  be  regarded  as  a  double  molecule  of  glycerin,  having  four  equiv- 
nlents  of  hydroxy  I  replaced  by  two  atoms  of  oxygen,  and  a  fifth  by  iodine, 
C,H.oO,(OH)I. 

The  chloridet  and  hromidet  of  phosphorut  act  upon  glycerin  in  the  same 
manner  as  hydrochloric  and  hydrobromic  acid,  but  their  action  goes  on  to 
the  third  stage,  producing  trichlorhydrin  or  propenyl  chloride  and  the  cor- 
responding bromine  compound : 


C,H,(OH)Cl,    +    PCI5    = 

=    PCljO    +     Ha    -1-     CjH^Cl, 

Dichlorhydrin. 

Trichlor- 

hydrin. 

Iodide  of  photpkorue  acts  on  glycerin  in  a  totally  different  manner,  yield- 
ing iodopropene  or  allyl  iodide,  0,H  J  (p.  544). 
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Gltoidk. — ^When  dichlorhydrin  is  treated  with  potash,  it  giyes  up  a 
molecule  of  hydrochloric  acid,  and  is  cooverted  into  a  compound  called 
^ickiorhjfdrin : 

CjH^OHCl,    —    HCl    =    CjHsOCl 
Dichlorhydrin.  Epichlor- 

hydrin. 

This  compound  may  be  regarded  as  the  hydrochloric  ether  of  an  alcohol, 
C,H}0(OH),  called  glycide,  formed  from  glycerin  by  abstraction  of  OH,. 
Dibromhydrin,  C^II^(OH)Bt^  treated  in  the  same  manner,  yields  epibrom- 
kifdrin,  or  the  hydrobromic  ether  of  glycide,  C,HjOBr.  Epichlprhydrin 
heated  with  dry  potassium  iodide  is  converted  into  tpi-iodhydrin,  CJdfil : 

CgHjOCl    4-    KI    =    KCl    +    CjHjOI. 

These  glyoidio  ethers  are  easily  reconverted  into  bodies  of  the  glycerin 
type.  Thus  epichlorhydrin  combines  with  acetic  acid,  forming  glyeerie 
autoddorhydrin  : 

(C.H,)'''C10     +     HOC,H,0    =    (C,H5)'''C1(0H)(0C,H,0); 
Epic h lor-  Acetic  acid.  Acetochlorhydrin. 

hydrin. 

and  with  alcohol,  in  like  manner,  forming  glyceric  ethyleklorhydriny  (CjH,)^^^ 
Cl(0H)(OC.H.). 

Epicblornydrin  unites  directly  with  watcTf  forming  glyceric  monochlorhy- 
drm,  C8Hj(0H),Cl. 

PoLYOLTCBiiiNS. — Two,  three,  or  more  molecules  of  glycerin  can  unite 
into  a  single  molecule,  with  elimination  of  a  number  of  water  molecules 
less  by  one  than  the  number  of  glycerin  molecules  which  combine  together ; 
thus: 

2C,H,{0H).      -    OH,  =      (C,H5)'",{Oogj^ 

Glycerin.  Diglycerin. 

8C,H,(0H),      -    20H,  ^      (CtH,)'".{p)^ 

Glycerin.  Triglyoerin. 

Generally : 

»C.H,(OH),      -    (»-l)OH,  =  (C.H.).{55li'),+, 

The  product  is  a  polyglycerin  whose  atomicity  (determined  by  the  num- 
ber of  equivalents  of  hydroxyl  contained  in  it)  is  n-\-2. 

The  mode  of  preparing  the  polyglycerins  is  similar  to  that  of  the  poly- 
ethenic  alcohols  (p.  561),  and  consists  in  heating  glycerin  with  chlorhydrin, 
whereby  diglycerin  and  hydrochloric  acid  are  formed : 

C,H,C1(0H),    +    C,H,(OH),  =  (C,H.),0(OH),    +    HCl 
Chlorhydrin.  Glycerin.  Diglycerin. 

The  hydrochloric  acid  thus  formed  converts  a  fresh  quantity  of  glycerin 
into  chlorhydrin,  which  then  acts  in  a  similar  manner  on  the  diglycerin 
and  converts  it  into  triglycerin,  and  in  this  manner  the  process  is  con- 
tinued. The  polyglycerins  may  then  be  separated  by  fractional  distilla- 
tion.    Their  properties  are  but  little  known. 

Qaintenyl  Alcohol,   or  Amyl  Glycerin,  C^l{^fi^^(C^}l^y^^(OK)y—T\iiB 
compound  is  formed  from  bromoquintene  dibromide,  C^H^Br .  Br,,  or  quin- 
tenyl  bromide,  C^H^Br,,  by  the  series  of  processes  represented  in  the  fol- 
lowing equations: 
48* 
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CjH,Br,  +  2AgOC,H,0  .=  2AgBr  +  (C,H,)/'/ { (^^^^«^)« 

Quintenyl  SiWer  Silver  Quintenyl  diaeeto- 

bromide.  acetate.  bromide.  brombydrin. 

(^B^9V''  {  (^^^^»^^«  +  2K0H  =  2K0C,H,0  +  CjH/^'  |  ^^^ 

Quintenyl  diaceto-       Potassium    Potassium  Quintenyl 

brombydrin.  hydrate.        aceUte.  bromhydiin. 

(Q A)'''  { (^^)«    +    KOH     =     KBr  +  (CA)/''(0H), 

Quintenyl  Quintenyl 

bromhydrin.  alcohoL 

Quintenyl  alcohol  is  a  thick  colorless  liquid,  haying  a  sweet  arooutio 
taste,  and  soluble  in  water.* 

Triatomio  Pheiioli. 

There  are  three  compounds  represented  by  the  formula  C^Efip  snd 
exhibiting  a  certain  relationship  to  the  phenols;  these  are: 

1.  Pyroffallol^  or  Pyrogallie  add,  produced  by  the  action  of  heat  on  gallic 
(dioxysalicylic)  acid: 

.C,H,05        =        CO,        +        C,HA; 
Gallic  Pyrogallio 

acid.  acid. 

also,  together  with  gallic  acid,  by  the  action  of  hot  caustic  potash  on  di- 
iodo  salicylic  acid,  CfH^I^Og.  It  is  conveniently  prepared  by  heating  i 
dried  aqueous  extract  of  gall-nuts  to  180°-185^  C.  (3o6<*-865°  F.)  in  an 
iron  pot  covered  with  a  paper  cap.  It  then  sublimes  and  condenses  on  the 
cap  in  long  flattened  prisms. 

Pyrogallic  acid  is  soluble  in  water,  alcohol,  and  ether;  it  melts  at  115° 
C.  (239«  F.),  boils  at  210<>  C.  (410°  F.).  and  decomposes  at  2o0*>  C.  (482» 
F.),  giving  off  water  and  leaving  a  residue  of  metagallie  acid,  Cfifl^  It 
dissolves  in  caustic  potash  or  soda,  forming  a  solution  which  quickly  ab- 
sorbs oxygen  from  the  air,  and  turns  black:  this  solution  forms  a  very 
convenient  reagent  for  the  eudiometric  analysis  of  air  (p.  155).  Witii 
solutions  of  pure  ferrous  salts  it  produces  a  fine  blue  color,  but  the  smallest 
trace  of  ferric  salt  changes  the  tint  to  green.  With  bromine,  pyrogallic 
acid  forms  a  substitution-product  containing  C^HjBrgO,. 

2.  Phlorogluein. — Phlorizin,  or  phloridzin,  a  crystalline  substance,  ezisU 
ing  ready-formed  in  the  root-bark  of  the  apple,  pear,  plum,  and  cherry- 
trees,  is  resolved  by  boiling  with  dilute  acids  into  glucose,  and  another 
crystalline  substance,  phloretin: 

C,.H„0,o        +        OH,        =        CeH„0,       +       C,sH„0; 
Phlorizin.  Glucose.  Phloretin. 

and  phloretin,  treated  with  aqueous  potash,  is  resolved  into  phloretic  acid, 
and  phlorogluein: 

CwH„0,        -h        OH,        =        C,H,oO,        +        C.H,0, 
Phloretin.  Phloretio  Phloro- 

acid.  glucin. 

Phlorogluein  is  a  neutral  crystalline  substance,  having  a  very  sweet 
taste,  soluble  in  water,  alcohol,  and  ether.     With  bromine  it  forms  the  com* 

*  Bautr,  Zeltscljria  fur  Chem.  u.  ^harni.  1861,  p.  67S. 
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pound  C,H,Br,Oj;  with  nitric  acid,  CjHg(NO,)Oj;  with  ammonia,  a  base 
ciiUed  phloramine,  C^}i^(SHj)0^;  with  acett/l  chloride  and  benzoyl  chloride,  it 
yields  the  compounds  CjH,(Cj,H,0)05.  and  Cfi^[C^Hfl)0^,  both  of  which 
are  crystalline. 

3.  PranguUn. — This  is  a  yellow  crystallizable  substaooe,  eontAined  in 
the  bark  of  the  berry-bearing  alder  (Rhammu  frangvla).  It  is  insoluble  in 
water,  slightly  soluble  in  warm  alcohol  and  ether,  soluble  in  fixed  oils, 
beoxene,  and  oil  of  turpentine.  Fuming  nitrio  acid  dissolves  it,  forming 
oxalic  acid,  and  an  acid  called  m^ofrangulic  acidy  said  to  contain  CggH^iNgOig. 


TBTRATOMIO  ALOOHOLB  AND  STHBB8. 

The  only  tetratomic  alcohols  at  present  known  are  erythrite,  Qflyfi^t 
and  propylphycite,  C,HgO^. 

Erythrite,  C4H,o04=(C4Hg)'»(OH)4,  also  called  Erythromannite,  Erythro- 
gludny  and  Phyeitt,  is  the  tet^ratomic  alcohol  corresponding  to  quartyl  alco- 
hol, Qfi^^fi,  and  quartyl  glycol,  C^Hj^O,;  the  corresponding  glycerin  is 
not  known. 

Erythrite  is  a  saccharine  substance,  existing  ready-formed  in  Protocoecua 
tulgarU.  It  was  originally  discovered  by  Dr.  Stenhouse  among  the  pro- 
dncta  of  decomposition  of  erythric  aoid.*  It  crystallises  in  large  trans- 
parent prisms,  is  readily  soluble  in  water,  sparingly  soluble  in  alcohol, 
insoluble  in  ether ;  not  fermentable.  Heated  with  hydriodic  acid^  it  yields 
secondary  quartyl  iodide,  C^H^I  (p.  534): 

^flvpA        +        7HI        =        C^HjI        +        40H,        +        81,. 

Heated  with  oxygen  acieb,  it  forms  compound  ethers,  in  the  manner  of  alco- 
hols in  general;  thus,  with  benzoic  acidy  CyH^O^  or  HOC-HjG,  it  forms  a 
dibenzoate,  (C4H5)»'(OH),(OCtH50),,  and  a  hexbenzoate,  (C.H5)"(OC.H50)^. 
'2>Cj\ifi^  consisting  of  neutral  benzoyl-erythrite  united  with  two  molecules 
of  benzoic  acid. 

Propylphycite,  C,HgO^=(C,H4)'»(OH)4.  —This  alcohol  is  obtained  synthet- 
ically by  the  following  series  of  processes:  1.  Epichlorhydrin  which 
combines  with  hypochlorous  acid,  forming  the  dichlorhydrin  of  propyl- 
phycite : 

C,H,OCl  -f  ClOH  =  (C,H,)"aj(OH), 

Epichlor-  Hypo-  Dichlorhydrin  of 

hydrin.  chlorous  acid.  propylphycite. 

2.  This  dichlorhydrin,  treated  with  silver  acetate,  is  converted  into  the 
corresponding  diacetin,  (CjHJ''(OC2H30)j(OH)2.-— 3.  The  diacetin,  heated 
with  aqueous  potash,  yields  the  tetratomic  alcohol. 

Propylphycite  is  a  colorless,  solid,  amorphous  mass,  which  deliquesces 
in  the  air  to  a  glutinous  liquid.  It  has  a  sweetish  taste,  dissolves  easily  in 
alcohol,  and  resembles  erythrite  in  its  chemical  relations.  With  fuming 
nitric  acid,  it  forms  nitrop ropy Iphy cite,  C3H^(NOj)04. 

Carbon  tetrachloride,  CCL.  may  be  regarded  as  a  tetratomic  ether;  the 
corresponding  alcohol,  C(0H)4,  is  theoretically  possible,  but  is  not  actually 
known. 

*  Bee  the  chapter  on  coloring  matters. 
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PBNTATOMTC  ALOOHOL& 

Finite  and  qtiereite,  two  saccharine  substances  having  the  eomponlion 
CfHijOg,  probably  belong  to  this  class  of  bodies,  inasmuch  as  they  produce 
ethers  when  treated  with  acids,  and  the  atomicity  of  an  alcohol — that  is  to 
say,  the  number  of  replaceable  hydrogen-atoms  which  it  contains  —  is  equal 
to  the  number  of  oxygen-atoms  in  its  molecule ;  such  indeed  is  the  ease  with 
all  the  alcohols  described  in  the  preceding  pages. 

Pinite  is  contained  in  the  sap  of  a  Californian  pine  {Pinua  LambertiaM), 
and  is  deposited  from  the  aqueous  extract  of  the  hardened  juice,  in  hard 
white  crystalline  nodules,  as  sweet  as  sugar-candy,  very  soluble  in  witer, 
nearly  insoluble  in  alcohol.  It  (urns  the  plane  of  polarisation  of  a  laminws 
ray  to  the  right ;  is  not  fermentable.  With  bmzoic  acid  it  forms  dSKtoft- 
pinite,  C^n^{OQ^}^fi)^(On\,  and  tetrabenzojnnite,  C^nj{OCjafi)^(0VL);  ud 
similar  compounds  with  stearic  acid, 

Quercite  is  a  saccharine  substance  extracted  from  acorns,  by  treating  tbe 
aqueous  infusion  with  milk  of  lime  to  remove  tannic  acid,  leaving  the  Uquid 
to  ferment  with  yeast  to  remove  fermentable  sugar,  evaporating  the  filtrate 
to  a  syrup,  and  leaving  it  to  crystallise.  It  forms  hard  monoclinic  crjstaK 
which  grate  between  the  teeth,  and  are  soluble  in  water  and  in  hot  dilnte 
alcohol.  Heated  in  a  sealed  tube  with  benzoic  acid,  it  forms  dibtnzofHtrdU, 
C,H,(OC,HjO),(OH),. 


HEXATOMIC  ALCOHOLS  AND  ETHEB8. 

This  class  of  compounds  includes  most  of  the  saccharine  substances  found 
in  plants,  and  others  produced  from  them  by  artificial  transformation.  Two 
of  the  natural  sugars,  mannite  and  duleite,  having  the  composition  CfHuOf, 
or  (CfH,)^*(OH),,  are  saturated  hexatomic  alcohols  derived  from  the  saiu- 
rated  hydrocarbon,  CgH,^.  Several  others,  called  glueotet,  contain  CfH|,Op 
that  is  to  say,  two  atoms  of  hydrogen  less  than  mannite  and  dulciie,  and 
may  therefore  be  regarded  —  so  far  as  composition  is  concerned  —  as  the 
aldehydes  of  these  alcohols;  moreover,  ordinary  glucose  (grape-sugar)  is 
converted  into  mannite  by  the  action  of  nascent  hydrogen,  just  as  acetic 
aldehyde,  C^H^O,  is  converted  into  common  alcohol,  C^HfO.  Further,  there 
are  diglueoeic  aleohoh^  C|-H„0,,(=  2Qfiyfi^  —  OH,),  related  to  the  ^uco?e8 
in  the  same  manner  as  diethenic  alcohol  to  glycol,  or  diglycerin  to  glyeerin: 
the  most  important  of  tho$ic  are  cane-sugar  and  milk-sngar;  and,  lastly,  there 
are  certain  vegetable  products  —  viz.,  starchy  ceUulose,  and  a  few  others,  re- 
presented by  the  formula  CjHi^Oj,  or  multiples  thereof  which  mny  be  re- 
garded as  the  oxygen-ethers  or  anhydrides  of  the  glucoses,  or  of  thediglu- 
cosic  alcohols,  inasmuch  as  they  differ  therefrom  by  a  molecule  of  water. 


SATURATED  HEXATOMIC  ALCOHOLS. 

Xannite,  CeH^Og  =  (Cellg)  (OH),.  —  This  is  the  chief  component  of  nanm. 
an  exudation  from  a  species  of  ash:  it  is  also  found  in  the  juice  of  certain 
other  plants,  in  several  sea-weeds,  and  in  mushrooms.  It  is  best  prepared 
by  treating  manna  with  boiling  alcohol,  and  filtering  the  solution  while 
hot;  it  then  crystallizes  on  cooling  in  tufts  of  slender  needles.  Mannite 
may  be  produced  artificially  by  treating  a  solution  of  glucose  with  sodium 
amalgam,  the  glucose  then  taking  up  2  atoms  of  hydrogen : 

^e^iA        4-         H,        =         C.H,,Or 
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The  same  transformAtion  of  glueose  Bometimes  takea  place  under  the  action 
of  eertain  ferments. 

Mannite  cryatallizes  in  thin  four-sided  prisms,  easily  soluble  in  water  and 
in  hot  alcohol,  insoluble  in  ether.  It  is  slightly  sweet,  has  no  action  on 
polarized  light,  and  is  not  fermentable  except  under  very  unusual  conditions. 

By  oxidation  in  contact  with  platinum-black,  mannite  is  converted  into 
wtannitie  acid^  CgHi^Of,  and  manniiose,  CfH^O^,  a  kind  of  sugar  isomeric  with 
glucose.  By  oxidation  with  nitric  add  it  yields  saccharic  acid,  CflI,o,  and 
ultimately  oxalic  acid.  Mannitic  acid  and  saccharic  acid  are  related  to 
mannite  in  the  same  manner  as  glycollic  acid  and  oxalic  acid  to  glycol ;  the 
relation  between  the  three  compounds  is  shown  by  the  following  formvlse : 

CHjOH  COOH  COOH 

CHOU  CHOH  CHOH 

CHOH  CHOH  CHOH 

CHOH  CHOH  CHOH 

CHOH  CHOH  CHOH 

CHjOH  CH,OH  COOH 

Mannite.  Mannitic  Saccharic 

acid.  acid. 

By  fuminff  nitrie  acid,  or  more  easily  by  a  mixture  of  nitric  and  sulphuric 
acids,  mannite  is  converted  into  niiromannite,  CfHg(NO,),Og,  a  crystalline 
body,  which  explodes  violently  by  percussion  or  when  suddenly  heated, 
and  is  reconverted  into  mannite  by  ammonium  sulphide.  With  sulphuric 
acid  mannite  forms  sulpho-mannitic  acid,  C^Hj^Of .  3S0.. 

Mannite,  treated  with  hydriodic  acid,  is  converted  into  secondary  hexyl 
iodide,  or  hexylene  hydriodide  (p.  689) : 

CaH^O^    +    llHI    B    CeH,,!    +    60H,    +    61, 
Mannite.  Hexyl 

iodide. 

Mannite,  heated  with  organic  acids,  forms  compound  ethers,  after  the 
manner  of  alcohols  in  general,  the  elements  of  the  mannite  and  the  acid 
uniting  together,  with  elimination  of  one  or  more  molecules  of  water.  The 
resulting  compounds,  called  mannilanides,  bear  a  considerable  resemblance 
to  the  fats;  but  their  composition  has  not  been  very  exactly  determined. 

These  ethers,  when  saponified  with  alkalies,  yield,  not  mannite,  but  man- 
niian,  CgH^Oj,  a  compound  differing  from  mannite  by  one  molecule  of  water. 
The  same  compound  is  obtained  in  small  quantity  by  heating  mannite  to 
200®  C.  (392°  F.),  and  more  easily  by  prolonged  boiling  of  mannite  with 
strong  hydrochloric  acid.  It  is  a  syrupy  liquid,  which  volatilizes  slowly 
at  140°  C.  (284°  F.),  and  dissolves  easily  in  water  and  in  cold  absolute 
alcohol :  this  last  property  affords  the  means  of  separating  it  from  mannite. 
When  exposed  to  the  air,  it  slowly  absorbs  water,  and  is  reconverted  into 
xoannite ;  the  change  is  accelerated  by  boiling  with  acids  or  with  alkalies. 

Mannite,  boiled  with  butyric  acid,  gives  up  two  molecules  of  water,  and 
is  converted  into  mannide,  Q^l^ifi^.  which  is  also  a  syrupy  liquid,  but  differs 
from  mannitan  in  being  much  more  volatile,  evaporating  rapidly  at  140°, 
and  in  being  quickly  reconverted  into  mannite  by  exposure  to  moist  air. 
It  dissolves  easily  in  water  and  in  absolute  alcohol. 

Bnloite,  CgHifO^  also  called  Duldn,  J>ulcose,  and  Melampyritt, — This  sugar, 
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isomeric  with  mannite,  is  obtained  from  a  crystalline  substaoce,  of  unknown 
origin,  imported  from  Madagascar:  it  is  extracted  tlierefrom  by  boiling 
with  water,  and  crystallises  from  the  filtered  solution.  Dulcite  is  likewise 
obtained  from  Mtlampyrum  nemorosum,  by  mixing  the  aqueous  decoctioa 
of  the  plant  with  lime,  concentrating,  adding  hydrochloric  acid  in  slight 
excess,  and  evaporating  a  little ;  it  then  separates  in  crystals  as  the  Uqoid 
cools. 

Dulcite  is  a  sweet  substance  resembling  mannite  in  most  of  its  propertiea, 
but  differing  from  it  in  its  crystalline  form,  which  is  that  of  a  monocUnic 
prism,  whereas  the  crystals  of  mannite  are  trimetric ;  and  also  in  its  melt- 
ing point,  dulcite  melting  at  182°  C.  (360''  F.),  mannite  at  165''  C.  (829^^  F.), 
and  by  yielding,  when  oxidized  with  nitric  acid,  not  saccharic  acid,  but 
mucic  acid,  which  is  isomeric  therewith.  Heated  with  organic  acids,  it 
forms  ethers  called  dulcitanides,  analogous  to  the  mannitonidet^  and  yielding 
by  saponification,  not  dulcite,  but  dulcitan,  C^ H,,Og,  which  may  likewise  be 
obtained  by  heating  dulcite  or  by  boiling  it  with  hydrochloric  acid. 

Itodulcitfy  C^Hj^Of,  or  CqH^O^.OH^  a  saccharine  substance  isomeric  with 
mannite  and  dulcite,  is  produced,  according  to  Hlasiwetz  and  Pfaundler,* 
by  the  action  of  dilute  acid  on  quercitrin  (p.  000).  It  forms  large  traos- 
parent,  regularly  developed  crystals  resembling  those  of  cane-sugar:  it  is 
sweeter  than  grape-sugnr,  not  fermentable,  dissolves  in  2-09  parts  of  water  at 
18°  C.  (64°  F.),  and  easily  in  absolute  alcohol.  The  solutions  turn  the  pkne 
of  polarization  to  the  right.  Isodulcite  melts  with  loss  of  water  between 
105°  and  110°  C.  (221°-280°  F.),  is  colored  yellow  or  brown  by  strong  sul- 
phuric acid  and  caustic  alkalies,  and  reduces  cupric  oxide.  By  a  raixtnre 
of  nitric  and  sulphuric  acids,  it  is  converted  into  a  slightly  explosive  nitro- 
compound, C0Uq(NO2)9O5. 


OLUGOSES,  GbHi^ 

The  sngars  included  in  this  formula  may  be  regarded  as  aldehydes  of  the 
saturated  alcohols,  CfHj^Of.  Ordinary  glucose  (grape-sugar)  is  converted 
into  mannite  by  the  action  of  nascent  hydrogen  (p.  572),  and,  on  the  other 
hand,  mannite  when  slowly  oxidized  in  contact  with  platinum  black  ia 
partly  converted  into  mannitose.  Nevertheless,  the  glucoses  still  exhibit 
the  characteristic  property  of  alcohols,  namely,  that  of  forming  ethers  by 
combination  with  acids  and  elimination  of  water.  The  formula  of  a  glucose 
may  indeed  be  derived  from  that  of  mannite  given  on  page  573,  by  remov- 
ing two  hydrogen-atoms  from  one  of  the  groups,  CHjOH,  the  other  groups 
remaining  as  before ;  the  glucoses  may  therefore  be  expected  to  act  as  pen- 
tat  omic  alcohols.     Bodies  thus  constituted  may  be  called  alcoholic  aUehydet. 

The  following  varieties  of  glucose  are  known : 

1.  Ordinary  glucose^  produced  by  hydration  of  starch  under  the  influence 
of  dilute  acids  or  of  diastase,  and  existing  ready-formed,  together  with 
other  kinds  of  sugar,  in  honey  and  various  fruits,  especially  in  grapes,  aod 
alone  in  diabetic  urine. 

2.  Maltose^  produced  by  the  limited  action  of  diastase  on  starch,  and 
differing  from  glucose  only  in  its  optical  rotatory  power. 

8.  Levuloae,  existing  in  cane-sugar  which  has  been  acted  upon  by  acids, 
and  obtained  pure  by  the  action  of  dilute  acids  upon  a  variety  of  starch 
called  inulin. 

4.  Mannitose^  produced  by  oxidation  of  mannite 

5.  Galactose,  formed  by  the  action  of  acids  on  milk-sugar. 

*  Ann.  Ch.  Pharm.  cxxVii.  362. 
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6.  InoMle,  existing  in  muscular  flesh. 

7.  Swrbin,  obtained  from  mountain-ash  berries. 

8.  Euealyiij  exipting,  together  with  another  kind  of  sugar,  in  the  so-called 
Australian  manna. 

The  first  four  of  these  glucoses  exhibit  but  Tory  slightly  diversity  in  their 
chemical  properties,  differing  chiefly  indeed  in  their  action  on  polarized 
light,  and  a  few  other  physical  properties.  They  all  yield  saccharic  acid 
by  oxidation.  Galactose  differs  from  them  in  yielding  mucic  acid  when 
oxidized.  Inosite,  sorbin,  and  eucalyn  exhibit  still  greater  differences  in 
their  chemical  properties,  especially  in  not  being  fermentable  except  under 
Tery  peculiar  circumstances,  whereas  the  five  other  glucoses  undergo  yinous 
fermentation  when  placed  under  certain  conditions  in  contact  with  yeast. 

All  the  glucoses,  except  inosite,  are  decomposed  by  boiling  with  aqueous 
alkalies;  this  property  distinguishes  them  from  mannite  and  dulcite.  They 
are  not  carbonized  by  strong  sulphuric  acid  at  ordinary  temperatures.  When 
boiled  with  a  solution  of  potassio-cupric  tartrate,  they  throw  down  the 
copper  in  the  form  of  red  cuprous  oxide. 

1.  Ordinary  Olacose,  Deztro-glaooso,  Dextrose,  CeHjiO, .  OH^  —  This  va- 
riety of  sugar  is  very  abundantly  diffused  through  the  vegetable  kingdom : 
it  may  be  extracted  in  large  quantity  from  the  juice  of  sweet  grapes  (whence 
it  is  often  called  ^rape-sugar),  and  also  from  honey,  of  which  it  forms  the 
solid  crystalline  portion,  by  washing  with  cold  alcohol,  which  dissolves  the 
fluid  syrup.  The  appearance  of  this  substance,  to  an  enormous  extent,  in 
the  urine,  is  the  most  characteristic  feature  of  the  disease  called  diabetes. 
It  exists  in  diabetic  urine  unmixed  with  any  other  kind  of  sugar,  and  is 
easily  obtained  by  concentrating  the  liquid  till  it  crystallizes,  washing  the 
crystals  with  cold  alcohol,  dissolving  them  in  water,  and  re-crystallizing. 
It  may  also  be  prepared  from  starch  by  the  action  of  diastase,  a  peculiar 
ferment  existing  in  germinating  barley,  or  by  boiling  with  dilute  sulphuric 
acid.  In  these  reactions  the  starch  takes  up  the  elements  of  water,  and  is 
resolved  into  glucose  and  dextrin,  a  compound  isomeric  with  starch  itself, 
the  transformation  being  exactly  similar  to  the  saponification  of  a  fat  under 
the  influence  of  alkalies : 

aCelljoO,        -f-        OH,        =        C,H„0,        +       2Qfi^0^ 
Starch.  Glucose.  Dextrin. 

Glucose  is  always  prepared  from  starch  when  required  in  considerable 
quantity.  The  mode  of  preparation  will  be  described  in  connection  with 
starch.  Cellulose  is  likewise  converted  into  glucose  by  the  action  of  acids 
(p.  000).  Lastly,  glucose  is  produced  by  the  decomposition  of  natural 
glucosides  by  boiling  with  dilute  acids. 

Glucose  is  much  less  sweet  than  cane-sugar,  and  less  soluble  in  water, 
requiring  1^  parts  of  the  cold  liquid  for  solution.  It  separates  from  its 
solutions  in  water  and  alcohol  in  granular  warty  masses,  which  but  seldom 
present  crystalline  faces.  When  pure,  it  is  nearly  white.  In  the  state 
of  solution  it  turns  the  plane  of  polarization  of  a  ray  of  light  to  the  right 
(hence  the  name  deztro-glucose  and  dextrose):  its  specific  or  molecular  rota- 
tory power*  is  -f  56°,  and  does  not  vary  with  the  temperature. 

Glucose  may  be  heated  to  V1(P  or  even  130°  C.  (248°-256o  F.)  without 

*  The  specific  or  molecalar  rotatory  powcT  of  an  optically  active  sabstanoe, 
usually  denoted  by  the  symbol  [a],  is  measured  by  the  number  of  degrees  through 
which  a  column  100  millimetres  or  1  decimetre  thick,  of  a  solution  containing  1 
gram  of  the  pure  substance,  would  rotate  the  piano  of  polarization,  supposing  the 
specific  gravity  of  the  solution  to  be  =:  1.  Henoe,  if  the  molecular  rotatory  power 
[a]  is  known,  the  rotation,  a,  of  the  plane  of  polarization  caused  by  a  stratum  I 
decimetre  thick,  of  a  solution  of  sp.  gr.  1,  and  containing  c  grams  of  substance  in 
1  gram  of  eolation,  is  expressed  by  the  equation,  a  -^  t[a\^    If,  however,  the  sp. 


576  HEXATOMIC   ALCOHOLS  AND   ETHERS. 

Alteration,  but  at  170®  C.  (ZSS^  F.)  it  gives  off  water  and  is  eonveiied  into 
fflucotan,  CfHigOj,  which,  when  freed  from  caramel  (p.  000)  by  meaof  of 
charcoal,  and  from  glucose  by  fermentation,  forms  a  colorless  mass,  scAreelj 
sweet  to  the  taste,  and  having  somewhat  less  dextro-rotatory  power  tii&n 
glucose.  At  higher  temperatures  glucose  blackens  and  suffers  complete 
decomposition.  Qluoose  boiled  for  some  time  with  dilute  ttdphwrk  or  kydr^- 
chlorie  acid^  is  converted  into  brown  substances  called  ulmin,  ulmic  acid, 
&c.  —  Strong  aulpkurie  acid  converts  it  at  ordinary  temperatures  into  solpho- 
saccharic  acid,  C^^ifi^SO^y  which  forms  a  soluble  barium  salL 

Limef  baryta,  and  Uad  oxide  dissolve  slowly  in  aqueous  solution  of  glucose, 
and  on  adding  alcohol  to  the  liquid,  compounds  of  these  oxides  with  (rlneuee 
are  precipitated.  The  barium  compound  is  said  to  contain  (C,H^f}, 
(BaO),.20H,;  the  calcium  compound,  (CgH„Oe),(CaO),.20H,;  the  ietA 
compound,  (OfH,,Og)*',(PbO),(OH)..  These  compounds  are,  however,  veiy 
unstable,  being  decomposed  at  the  neat  of  boiling  water.  Glucose  also  com- 
bines with  Modium  chloride,  forming  the  compound  (CeH„0(),NaC1.0Hf 

Olucose,  boiled  with  a  cuprie  »alt  in  presence  of  cdkaUea,  easily  redoees 
the  Guprio  oxide  to  cuprous  oxide :  by  this  character  it  is  easily  distin- 
guished from  cane-sugar. 

When  solutions  of  cane-sugar  and  glucose  are  mixed  with  two  separate 
portions  of  solution  of  cuprie  sulphate,  and  caustic  potash  added  in  excess 
to  each,  deep-blue  liquids  are  obtained,  which,  on  being  heated,  exhibit 
different  characters;  the  one  containing  cane-sugar  is  at  first  hot  little 
altered ;  a  small  quantity  of  red  powder  falls  after  a  time,  but  the  liquid 
long  retains  its  blue  tint:  with  the  glucose,  on  the  other  hand,  the  first  ap- 
plication of  heat  throws  down  a  copious  greenish  precipitate,  which  rapidly 
changes  to  scarlet,  and  eventually  to  dark-red  cuprous  oxide,  leaving  a 
nearly  colorless  solution.  If  the  analyst  have  but  small  quantities  of  ma- 
terial at  his  disposal,  a  mixture  of  cuprie  sulphate  and  tartaric  acid,  to 
which  an  excess  of  potash  has  been  added,  may  be  used  with  advantage. 
This  solution,  called  potatsio- cuprie  tartrate,  is  an  excellent  test  for  distin- 
guishing the  two -varieties  of  sugar,  or  discovering  an  admixture  of  glueoise 
with  cane-sugar. 

gr.  is  if  we  have  a  =  t[a]i.  If  the  thickness  of  the  stratum  is  X  decimetne,  we 
have  finally : 

If,  then,  the  angle  of  rotation,  a,  has  been  found  by  experiment,  the  quantity 
of  substance,  4,  in  1  gram  of  solution  Is  given  by  the  equation. 


t  = 


If,  on  the  other  hand,  it  is  desired  to  determine  the  specific  rotatory  pover,  we 
have  the  equation, 


For  example,  by  dissolving  11*347  grams  of  dextro-glueose  in  88*653  grsnuof 
water,  a  solution  is  obtained,  having  a  sp.  gr.  of  1*048,  and  producing  in  a  tobe  3 
decimetreB  long,  a  rotation  of  13*7°.  Hence  the  molecular  rotatory  power  of  dex- 
tro-glueose is  given  by  the  equation, 

[«]  =  — =  67*6. 

0*11.347  X  2  X  1*048. 
The  rotation  is  generally  observed  for  the  iranntion  tint  between  the  bine  Vii 
the  purple,  in  which  case  the  molecular  rotatory  power  is  denoted  i«y  the  simplfl 
symbol  [a] ;  sometimes,  however,  it  is  observed  fi>r  the  red  ray ;  and  in  this  eaM 
the  symbol  [a]r  is  employed.  The  rotation  is  distinguished  as  -h  or  — »  sooordiog 
as  it  takes  place  to  the  right  or  the  left. 
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Glucose  mixed  in  dilute  solution  with  yeoBt  and  exposed  to  a  temperature 
of  21°-26<»  C.  (70°-80®  F.),  easily  undergoes  vinous  fermentation  (p.  616). 

2.  Xaltote,  Cfi^fi^. — This  name  is  given  by  Dubrunfatit  to  the  sugar  pro- 
duced by  the  action  of  diastase  upon  starch.  It  has  a  dextro-rotatory  power 
three  times  as  great  as  that  of  ordinary  glucose,  but  resembles  the  latter  in 
all  other  respects,  and  is  converted  into  it  by  boiling  with  dilute  acids.  It 
appears  to  be  merely  a  physical  modification  of  glucose,  the  difference  be- 
tween the  two  depending  on  the  arrangement  of  the  molecules,  not  on  that 
of  the  atoms  within  a  molecule. 

3.  LeTuloaa,  C^H^jO^. — This  sugar,  distinguished  from  dextro-glucose  by 
turning  the  plane  of  polarization  to  the  left,  occurs,  together  with  dextro- 
glucose,  in  honey,  in  many  fruits,  and  in  other  saccharine  substances. 
The  mixture  of  these  two  sugars  in  equivalent  quantities  constitutes  fruii- 
tugar,  or  inverted  sitgoTy  which  is  itself  levorotatory,  because  the  specific  ro- 
tatory power  of  levulose  is,  at  ordinary  temperatures,  greater  than  that  of 
dextro-glucose. 

Cane-sugar  may  be  mveried,  that  is,  transformed  into  a  mixture  of  equal 
parts  of  dextro-glucose  and  levulose,  by  warming  with  dilute  acids: 

Ci,H„Oji    -h     OH,    =    C,H„0,    +     C,H„0,. 

The  same  change  is  brought  about  by  contact  with  yeast,  or  with  pectase, 
the  peculiar  ferment  of  fruits ;  and  likewise  takes  place  slowly  when  a  so- 
lution of  cane-sugar  is  left  to  itself. 

To  separate  the  levulose,  the  inverted  sugar  obtained  from  10  grams  of 
cane-sugar  is  mixed  with  6  grams  of  slaked  lime  iCnd  100  grams  of  water, 
whereby  a  solid  calcium-compound  of  levulose  is  formed,  while  the  whole 
of  the  dextro-glucose  remains  in  solution,  and  may  be  separated  from  the 
precipitate  by  pressure.  The  calcium  salt  of  levulose  su-spended  in  water 
and  decomposed  by  carbon  dioxide,  yields  a  solution  of  pure  levulose, 
which  may  be  filtered  and  concentrated  by  evaporation.  Levulose  may  be 
at  once  obtained  in  the  pure  state  by  the  action  of  dilute  acids  on  inulin. 

Levulose  is  a  colorless  uncrystallizable  syrup,  as  sweet  as  cane-sugar, 
more  soluble  in  alcohol  than  dextro-glucose.  Its  rotatory  power  is  much 
greater  than  that  of  dextro-glucose  at  ordinary  temperatures,  but  dimin- 
ishes as  the  temperature  rises.  For  the  transition  tint,  [a]  =  — 106**  at 
14<»  C.  (57<»  F.) ;  =  —  79  o®  at  52°  C.  (122°  F.) ,  =  —  58°  at  90°  C.  (194? 
F.).  Now,  the  rotatory  power  of  dextro-glucose  is  the  same  at  all  tem- 
peratures, and  equal  to -f-^^^:  consequently  that  of  inverted  sugar,  which 
is  — ^26^  at  15°  diminishes  by  about  one-half  at  52°,  becomes  nothing  at 
90°,  and  changes  sign  above  that  temperature. 

Levulose  ezhibitij,  for  the  most  part,  the  same  chemical  reactions  as  dex- 
tro-glucose, but  is  more  easily  altered  by  heat  or  by  acids,  and  on  the  con- 
trary offers  greater  resistance  to  the  action  of  alkalies  or  of  ferments. 

Levolu9ttn,  CjHijOj,  the  oxygen-ether  or  anhydride  of  levulose,  is  pro- 
duced, together  witti  dextro-glucose,  by  melting  cane-sugar  for  some  time 
at  100°  C.  (82°  F.)  r 

^ii^tfin    =    CsHioOj    +     C,H„0,. 

The  glucose  may  be  removed  from  the  liquid  by  fermentation,  and  the 
levolusan,  which  is  unfermentable,  may  be  obtained  by  evaporation  as  an 
uncrystallizable  syrup  By  boiling  with  water  or  dilute  acids,  it  is  con- 
verted into  a  fermentable  levorotatory  sugar,  probably  levulose. 

4.  Hannitose,  C^Hj-Of  — This  is  the  sugar  produced,  together  with  man- 
nitic  acid,  by  the  oxidaiion  of  mannite  in  contact  with  platinum  black.  Jt 
may  be  separated  by  saturating  the  liquid  with  lime,  precipitating  the  cal- 
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cinm  mannitate  with  alcohol,  eyaporating  the  filtrate  to  a  Bjrap,  adding 
alcohol,  again  filtering,  nnd  evaporating  to  dryness. 

Mannitose  is  syrupy,  uncrystallizable,  fermentable,  inactive  to  polarized 
light,  and  resembles  the  other  glucoses  in  its  chemical  reaction. 

5.  Oalaetose,  O^H^Of,  is  produced  by  boiling  milk-sugar  with  dilute  acids. 
It  is  soluble  in  water,  sparingly  soluble  in  cold  alcohol,  crystalliies  more 
readily  than  ordinary  glucose;  has  a  dextro-rotatory  power  of  83*8°;  and 
is  very  easily  fermentable.  It  resembles  dextro-glucose  in  most  of  its  re- 
actions, but  is  distinguished  from  all  the  four  glucoses  above  described  hj 
yielding  mucic  instead  of  saccharic  acid,  when  oxidised  by  nitric  acid. 

6.  Inotite,  or  Phaseomannite,  C^ Ri^Og.  is  a  variety  of  glucose  occurring 
in  the  muscular  substance  of  the  heart  and  other  organs  of  the  aninialbody, 
also  in  green  kidney-beans,  the  unripe  fruit  of  Pka$eoltt»  vtdgaru^  and  in 
many  other  plants.  It  forms  prismatic  crystals,  resembling  gjpsum,  solu- 
ble in  water,  but  insoluble  in  alcohol  and  ether.  It  may  be  boiled  with 
strong  aqueous  potash  or  baryta  without  alteration  or  coloration.  If  thia 
sugar  be  evaporated  with  nitric  acid  nearly  to  dryness,  the  residue  mixed 
with  a  little  ammonia  and  calcium  chloride  and  again  evaporated,  a  beau- 
tiful and  characteristic  rose  tint  is  produced. 

Inosite  does  not  ferment  with  yeast,  but  in  contact  with  cheese,  flesh, 
or  decaying  membrane  and  chalk,  it  undergoes  lactous  fermentation,  pro- 
ducing lactic,  butyric,  and  carbonic  acids. 

7.  Sorbin,  or  Sorbite,  CJEL^fi^^  is  a  crystalliiable  sugar  existing  in  the  juice 
of  ripe  mountain-ash  berries  {Sorbut  aucuparia).  The  juice,  when  alloved 
to  stand  for  some  time  in  open  vessels,  deposits  a  brown  crystalline  mattw, 
which  may  be  obtained  in  transparent  colorless  crystals  belonging  to  the 
triibetrio  syntem.  This  substance  is  almost  insoluble  in  alcohol,  but  easily 
soluble  in  water,  to  which  it  imparts  an  exceedingly  sweet  taste.  A  seln- 
tion  of  sorbin,  mixed  with  ammonia  and  lead  acetate,  yields  a  white  floccn- 
lent  precipitate,  containing  C^H^Pb^^Of.  With  Modium  chloride  it  forms  a 
compound  which  crystallizes  in  cubes. 

Sorbin  is  converted  by  hot  nitric  ac%d  into  oxalic  acid.  It  does  not  fer> 
ment  with  yeast,  but  in  contact  with  cheese  and  chalk,  at  4C,  it  undergoes 
lactous  fermentation,  yielding  a  large  quantity  of  lactic  acid,  together  with 
alcohol  and  butyric  acid. 

8.  Enoalyn,  CfHjjOe.  is  an  unfermentable  sugar,  separated  in  the  fermen- 
tation of  melitose  (the  sugar  of  the  Eucalyptus  of  Tasmania),  in  conse- 
quence of  the  destruction  of  a  fermentable  kind  of  sugar  which,  in  combi- 
pation  with  eucalyn,  constitutes  melitose : 

CijH^Oi,    +     OH,  =  2C0,    +     2C,H,0     +     C,H„0, 
Melitose.  Alcohol.  Eucalyn. 

On  evaporating  the  liquid,  the  eucalyn  remains  as  an  uncrystallunble 
syrup,  having  a  specific  rotatory  power  of  -|-  60^  nearly.  It  is  not  ren- 
dered fermentable  by  the  action  of  sulphuric  acid. 
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When  ordinary  glucose  is  heated  to  100®-!  20**  for  fifty  or  sixty  hours 
with  acetic,  butyric,  stearic,  benzoic,  and  other  organic  acids,  the  two 
unite,  with  eliminntion  of  water,  nnd  compound  ethers  called  glucMldes 
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are  formed,  analogous  to  the  mannitanides.  A  number  of  these  artificial 
glueoaides  have  been  prepared  hy  Berthelot,  who  regards  them  as  deriva- 
tives of  glucosan,  C^HigO^,  because  when  heated  with  alkalies  they  yield 
glucosan,  not  glucose.  Thus,  there  is  a  glucoso-butyrio  ether  to  which 
Berthelot  assigns  the  formula  CfHg(C4H70)2()5,  and  an  acetic  ether,  which 
he  regards  as  hexaceto-glucosan,  C.H^^C^H,^  )«^s  <  ^^^  ^^®y  '^^^  merely  oily 
liquids,  which  are  very  difficult  to  obtain  pure,  and  therefore  their  analyses 
are  not  much  to  be  depended  on. 

A  considerable  number  of  bodies  of  similar  constitution  exist  ready- 
formed  in  plants,  many  of  them  constituting  the  bitter  principles  of  the 
vegetable  kingdom.  None  of  these  natural  glucosides  have  been  produced 
artificially,  but  they  are- all  resolved  by  boiling  with  dilute  acids  int^  glu- 
cose and  some  other  compound.  We  shall  describe  some  of  the  most  im- 
portant of  these  bodies. 

Absculin.  Cj|H240j2,  is  a  crystalline  fluorescent  substance  obtained  from 
the  bark  of  the  horse-chestnut  and  other  trees  of  the  genera  Aacultu  and 
Pavia.  It  has  a  bitter  taste,  is  slightly  soluble  in  water  and  alcohol,  more 
soluble  in  the  same  liquids  at  the  boiling  heat,  nearly  insoluble  in  ether. 
It  is  colored  red  by  chlorine.  By  boiling  with  hydrochloric  or  dilute  sul- 
phuric acid,  it  is  resolved  into  glucose  and  a  bitter  crystalline  substanoo 
called  tucuUtin: 

CaH^Oi,    +    30H,    =     2C^H„0e      +      O.HeO, 
AescuUn.  Glucose.  ^scul^tin. 

The  aqueous  solution  of  aesculin  is  highly  fluorescent,*  the  reflected 
light  being  of  a  sky-blue  color.  Nearly  the  same  fluorescent  tint  is  exhi- 
bited by  an  infusion  of  horse-chestnut  bark.  The  color  of  the  latter  is, 
however,  slightly  modified  by  the  presence  of  another  substance,  paviin^ 
which  exhibits  a  blue-green  fluorescence:  it  may  be  separated  from  aescu- 
lin by  its  greater  solubility  in  ether.  Aesculin  and  paviin  appear  to  exist 
together  in  the  barks  of  all  species  of  Aeseulwi  and  Pavia^ — aesculin  being 
more  abundant  in  the  former,  and  paviin  in  the  latter. 

Amtodalin,  C^oHjfNOii .  80H^  is  a  crystalline  body  existing  in  bitter 
almonds,  the  leaves  of  the  cherry-laurel  (Cer<i9tu  lauroeeratut)^  and  many 
other  plants  which  by  distillation  yield  hydrocyanic  acid  and  bitter-almond 
oil.  These  compounds  do  not  exist  ready -formed  in  the  plants,  but  are 
produced  by  the  decomposition  of  amygdalin  under  the  influence  of  emul- 
sin  or  synaptase,  a  nitrogenized  ferment  likewise  existing  in  the  plant. 
The  decomposition  is  expressed  by  the  equation — 

C„H„NOn     +    20H,    =    C^HgO  +    CNH     +    2CeH„0, 

Amygdalin.                               Bitter-  Hydro-         Glucose. 

almond  cyanic 

oil.  acid. 

To  prepare  amygdalin,  the  paste  of  bitter-almonds,  from  which  the 
fixed  oil  has  been  expressed,  is  exhausted  with  boiling  alcohol,  which 
coagulates  the  synaptase,  renders  it  inactive,  and  dissolves  out  the  amygda- 
lin. The  alcoholic  liquid  is  distilled  in  a  water-bath,  and  the  syrupy  resi- 
due is  diluted  with  water,  mixed  with  a  little  yeast,  and  set  in  a  warm 
place  to  ferment:  a  portion  of  sugar,  present  in  the  almonds,  is  thus 
destroyed.  The  filtered  liquid  is  then  evaporated  to  a  syrup  in  a  water- 
bath,  and  mixed  with  alcohol,  which  throws  down  the  amygdalin  as  a  white 
crystalline  powder;  the  latter  is  collected  on  a  cloth  filter,  pressed,  redis- 
solved  in  boiling  alcohol,  and  left  to  cool.     It  separates  in  small  crystal- 

*  See  LiQBT,  p.  91. 
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line  plates  of 'pe&rly  whiteness,  which  are  inodorous  and  nearly  tasteles: 
it  is  decomposed  by  heat,  leaving  a  bulky  coal,  and  diffusing  the  odor  of 
the  hawthorn.  In  water,  both  hot  and  cold,  amygdalin  is  nearly  insoluble; 
a  hot  saturated  solution  deposits,  on  cooling,  brilliant  prismatic  cry8t&l5, 
which  contain  water.  In  cold  alcohol  it  dissolves  with  great  difficnlty. 
Heated  with  dilute  nitric  acid,  or  a  mixture  of  dilute  sulphuric  acid  and 
manganese  dioxide,  it  is  resolved  into  ammonia,  bitter-almond  oil,  benzoic 
acid,  formic  acid,  and  carbonic  acid;  with  potassium  permanganate,  it 
yields  a  mixture  of  potassium  cyanate  and  benzoate. 

Synaptase  has  never  been  obtained  in  a  state  of  purity:  it  is  deaeribe*! 
as  a  yellowish-white,  opaque,  brittle  mass,  very  soluble  in  water,  and  eo- 
agulable,  like  albumin,  by  heat,  in  which  case  it  loses  its  specific  property. 
In  solution  it  very  soon  becomes  turbid,  and  putrefies.  The  decomposition 
of  amygdalin  under  the  influence  of  this  body  may  be  exhibited  by  dis- 
solving a  portion  in  a  large  quantity  of  water,  and  adding  a  little  emulsion 
of  sweet  almonds:  the  odor  of  the  volatile  oil  immediately  becomes  ap- 
parent, and  the  liquor,  on  distillation,  yields  hydrocyanic  acid. 

Chitin,  CgH|jNOg,  is  the  substance  which  forms  the  elytra  and  integn- 
ments  of  insects  and  the  carapaces  of  crustaceans.  It  is  best  prepared  by 
boiling  the  wing-cases  of  cockchafers  with  water,  alcohol,  ether,  acetic 
acid,  and  alkalies  in  succession,  as  long  as  anything  is  dissolved  oot  by 
each.  According  to  Stadeler,*  it  is  resolved  by  boiling  with  dilute  acids 
into  glucose  and  laotamide : 

C^H^NOe    +    20H,    =    C^H^Oe    +     C,H,NO, 
Ohitin.  Glucose.         Lactamide. 

Gallotannic  Acid,  C^H^Off,  the  acid  contained  in  the  gall-nats  of 
Querevt  in/ectoria  and  other  species  of  oaks,  and  of  certain  species  of 
sumach,  is  a  glucoside,  resolved  by  the  action  of  acids  into  glucose  and 
gallic  acid : 

Ct,H„0„    +    40H,    =     C,H,,0,    -f     8C,H.O^ 
Gallotannic  Glucose.        Gallic  acid, 

acid. 

It  will  be  described  in  connection  with  gallic  acid.     (See  the  ch^iter  on 
Aoins.) 

Glyctrrhizin,  C^HjgO,;  Liqcohice-Suoar. — The  root  of  the  common 
liquorice  yields  a  large  quantity  of  a  peculiar  sweet  substance,  which  is 
Foluble  in  water,  but  refuses  to  crystallize:  it  cannot  be  made  to  ferment. 
Glycyrrhizin  forms  difficultly  soluble  compounds  with  acids ;  it  is  precipitated 
from  its  solution  by  lead,  calcium,  and  barium  salt^,  the  precipitate  con- 
sisting of  glycyrrhizin  in  combination  with  the  base.  According  toGorup 
Bcsanez,  glycyrrhizin  when  boiled  with  dilute  acids,  splits  into  a  resinous 
body  called  glycyrretin,  and  glucose; 

C«H„0,      +      OH,      =      C„H,,0,      +      C,H„Ob 

Glycyrrhizin.  Glycyrretin.  Glucose. 

Mtronic  Acid,  C,oH,^NS,0,«,  an  acid  existing  as  a  potassium  salt  in  the 
seed  of  black  mustard,  is  resolved  by  the  action  of  n^rrown,  an  albuminous 
ferment  likewise  contained  in  the  seeds,  into  volatile  oil  of  mustard  (alljl 
sulphocyanatc),  glucose  and  sulphuric  acid : 

C.,H„KNS,0,o    =     CsHjCNS  +     C,H„0.    +     SO.HK 
Potassium                    Allyl  Glucose.  Acid 

myronate.  sulpho-  potassium 

cyanate.  sulphate. 

•  Ann.  Ch.  PbArm.  cxl.  21. 
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Pblobisik,  €,|H^Oio.20H,. — This  is  a  sabstanoe  bearing  a  great  likeness 
to  salicin,  found  in  the  root-bark  of  the  apple  and  cherry>treQ,  and  ex- 
tracted by  boiling  alcohol.  It  forms  fine,  colorless,  silky  needles,  soluble 
in  1000  parts  of  cold  water,  but  freely  dissolved  by  that  liquid  when  hot: 
it  is  also  soluble  without  difficulty  in  alcohol.  Dilute  acids  convert 
phloriain  into  glucose  and  a  crystallizable  sweet  substance  called  phloretm  i 

c,,H«o„     +     on,     =     C,H„0,     +     C,.H„0. 

Phlorizin.  Glucose.  Phloretin. 

Phlorizin,  fused  with  potash,  yields  phloretie  aeidy  CgHigO,,  a  beautifully 
crystalline  acid,  homologous  with  salicylic  and  anisic  acids. 

QvvRciTsiK  is  n  crystallizable  yellow  coloring  matter  occurring  in  quercitron 
bArk,the  bark  of  Quereua  m/ectoria,  whence  It  is  extracted  by  boiling  with  water. 
Its  composition  has  been  variously  stated ;  indeed  it  is  by  no  means  certain 
that  the  so-called  quercitrins  examined  by  different  chemists  were  really 
identical  substances.  According  to  Hlasiwetz  and  Pfaundler*  it  contains 
CjgHj^Or,,  and  is  resolved  by  boiling  with  dilute  acids  into  another  yellow 
crystalline  body  called  quercetin,  and  isodulcite  (p.  000): 

C«H^O„     +      OH,    =    C„H„q„      +      C,H„0, 
Quercitrin.  Quercetin.  Isodulcite. 

Salicin,  Cj^HigOf,  is  a  crystallizable  bitter  substance  contained  in  the 
leaves  and  young  bark  of  the  poplar,  willow,  and  several  other  trees.  It 
toay  be  prepared  by  exhausting  the  bark  with  boiling  water,  concentrating 
the  solution  to  a  small  bulk,  digesting  the  liquid  with  powdered  lead  oxide, 
and  then,  after  freeing  the  solution  from  lead  by  a  stream  of  sulphuretted 
hydrogen  gas,  evaporating  till  the  salicin  crystallizes  out  on  cooling.  It  is 
purified  by  treatment  with  animal  charcoal  and  re-crystallization. 

Salicin  forms  small,  white,  silky  needles,  having  an  intensely  bitter  taste, 
but  no  alkaline  reaction.  It  melts  and  decomposes  by  heat,  burning  with 
a  bright  flame,  and  leaving  a  residue  of  charcoal.  It  is  soluble  in  5*6  parts 
of  cold  water,  and  in  a  much  smaller  quantity  when  boiling  hot.  Oil  of 
vitriol  colors  it  deep  red. 

When  distilled  with  a  mixture  of  potassium  bichromate  and  sulphuric 
acid,  it  yields,  among  other  products,  a  yellow,  sweet-scented  oil,  called 
talicfflol,  having  the  composition,  C^HgOg,  and  identical  with  the  volatile 
oil  distilled  from  the  flowers  of  the  Spirma  vlmarioy  or  common  meadow- 
sweet. 

Salicin,  under  the  influence  of  the  emulsin  or  synaptase  of  sweet  almonds* 
is  resolved  into  glucose  and  taligenm: 

CbHi.0,    +    OH,    =    C,H„0,     +     C,H,H, 
Salicin.  Glucose.  Saligenin. 

Sallgenin  forms  colorless,  nacreous 'scales,  freely  soluble  in  water,  alco- 
hol, and  ether.  It  melts  at  82®,  and  decomposed  at  a  higher  temperature. 
Dilute  acids  at  boiling  heat  convert  it  into  saliretin,  C^HgO,  a  resinous  sub- 
stance differing  from  saligenin  by  the  elements  of  water.  The  same  sub- 
stance is  produced  directly  from  salicin  by  boiling  with  dilute  acids.  Many 
oxidising  agents,  as  chromic  acid  and  silver  oxide,  convert  saligenin  into 
salicylql ;  even  platinum  black  produces  this  effect.  Its  aqueous  solution, 
gives  a  deep  indigo-blue  color  with  ferric  salts. 

Salicin  yields,  with  chlorine,  substitution-products  which  are  decomposed 
by  synaptase  in  the  same  manner  as  salicin  itself,  yielding  chlorosaligenin, 
C,H,C10y  and  dichlorosaligenin,  CfHgCljO,.     Dilute  nitric  acid  converts  sali- 

*  Ann.  Ch.  Pliann.  cxxri\.  363^ 
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cin  into  helioin,  helicofdin,  and  anilotic  acid.  With  strong  nitric  acid,  at  a 
high  temperature,  niirosalicjlic  acid,  CyH^(N02)0,,  in  produced. 

PoPVLiK,  (^nfl^fls*  ^^  ^  Bubstance  resembling  &alicin  In  appearanee  and 
solubility,  but  having  a  penetrating  sweet  ta^te.  It  is  found  aCcmnpanjing 
salicin  in  the  bark  and  leaves  of  the  aspen.  It  has  the  compo^iition  of  ben* 
xoyl-saliein,  Ci,H,f  (C^ HgO)0,,  and  when  heated  with  dilute  acids  is  repohred 
into  benzoic  acid,  and  the  products  of  decomposition  of  «iJi^iTi,  namelj, 
saliretin  and  glucose : 

CttH„(C.H,0)0,   +    OH,    =    C,H.O,    +    C,H.O    +    C^H^O, 
Populin.  Benzoic         Saliretin.         Glucose. 

acid. 

With  potassium  bichromate  and  sulphuric  acid,  populin  yields  a  considei^ 
able  quantity  of  salicylol. 

HsLiciN,  Cf^HMOy,  is  a  white,  crystalline,  slightly  bitter  substance,  pro- 
duced by  the  action  of  very  dilute  nitric  acid  upon  salicin: 

CttH,jO,    +    0    =    OH,    +    C.,H,eO, 
Salicin.  Helicin. 

It  is  slightly  soluble  in  cold,  freely  soluble  in  boiling  water,  and  is  resolrfd 
by  the  action  of  synaptase,  or  of  acids  or  alkalies  at  the  boiling  heat,  into 
glucose  and  salicylol : 

C„H,0,    +    OH,    =    C,H„0,      +      CjH,0, 
Helicin.  Glucose.  Salicylol. 

Bemohelicm^  ^24^ao^t*  ^^  ^13^15(^7^5^)^^  produced  by  the  action  of 
dilute  nitric  acid  on  benzo-salicin,  is  resolved  in  like  manner  into  bensoio 
acid,  salicylol,  and  glucose : 

C»H„0,    +    20H,    =    C,H,0,    +    C,H,0.     +     C,H„0, 
Benzo-  Benzoic         Salicylol.  Glucose, 

helicin.  acid. 

Solan  IKK  is  a  crystalline  ba^e  occurring  in  various  planta  of  the  solans- 
ceous  order,  especially  in  the  flower-stalks  and  berries  of  the  woody  night- 
shade (Solanum  dulcamara\  and  in  the  shoots  or  germs  thrown  out  by  po- 
tatoes kept  in  cellars  during  the  winter;  it  may  be  extracted  from  these 
shoots  by  water  containing  a  little  sulphuric  acid.  It  probably  containi 
C^jH^jNOiip  and  is  resolved  by  boiling  with  dilute  acids  into  glucose  and 
aolanidine,  which  is  also  a  basic  compound  crystallizing  from  alcohol  in  long 
needles : 

^48Ht,NOi.     -h      80H,     =     8CeH„0,      +      C-H«NO 
Solan  in  e.  Glucose.  Soianidine. 

Thujin,  CjpHjsOi,,  is  aglucoside  occurring  in  the  green  parts  of  the  Amer- 
ican Arbor  Vitce  {Thuja  occidentalis).  It  forms  shining,  lemon-jellow, 
microscopic  crystals,  having  an  astringent  taste,  and  soluble  in  alcohol. 
When  heated  in  alcoholic  solution  with  hydrochloric  or  dilute  salphiuio 
acid,  it  is  resolved  into  glucose  and  tht^etin^  ^ss^k^m  • 

2C«HaO„    -f    40H,    =    2CeHi,0,     +    ^J^rfi^ 

When  heated  for  a  short  time  only  with  hydrochloric  acid,  it  yields  ako 
another  substance  called  thujenin^  containing  ^J^J<^w  ^^  ^^^  molecules  of 
water  lees  than  thujetin.  Thtgin  dissolves  in  baryta  water,  forming  a 
yellow  solution,  which  when  heated  deposits  an  orange-yellow  precipitate 
of  tht^'etie  acid,  CggH^Oj,,  while  glucose  remains  dissolved : 

2C„H„0„    +     OH,    =    2CeH„0e    -\-    C«H„0„. 

All  these  compounds  are  crystalline. 
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Xantbokhamkin,  CgHjgO^f,  a  erysUtllixable  yellow  coloring  matter  ob- 
tained from  Persian  or  Turkey  berries,  the  seeds  of  several  species  of 
Rhamnus^  in  resolved  by  boiling  with  dilate  acids,  into  glucose  and  rhamr 
mtiMj  C^U|qO^  which  is  also  a  yellow  crystalline  substance : 

C*H.0i4    +    80H,    =    2CeH„0e    -f     C„HioO,. 

According  to  some  authorities,  xanthorhamnin  is  identical  with  quercitrin, 
and  rhamnetin  with  quercetin. 

There  are  a  few  compounds  which,  when  treated  with  dilute  acids,  split 
np  similarly  to  the  glucosides,  but  yield  saccharine  substances  differing 
in  composition  from  glucose.  Thus  phloretin,  as  already  observed,  is  re- 
solved into  phloretlc  acid,  and  phloroglucin,  CgH^O,  (p.  570),  which  differs 
from  glucose  by  SOH^  Quercitrin  yields  quercetin  and  isodulcite,  CgHj^Og, 
containing  two  atoms  of  hydrogen  more  than  glucose ;  and  indiean^  ^tf  ^si 
NOjp  yields  mdigluein,  C^H^Og,  containing  two  atoms  of  hydrogen  less  than 
glucose. 

IiTDiCAN  is  a  colorless  substance  existing  in  woad  (Tsatis  iineforia),  and 
probably  in  most  other  plants  which  yield  indigo-blue.  It  likewise  occurs 
in  human  urine,  both  healthy  and  diseased,  and  when  present  in  consider- 
able quantity,  causes  the  urine,  nfler  spontaneous  fermentation  or  addition 
of  acids,  to  deposit  sometimes  indigo-blue,  sometimes  a  brown  substance 
isomeric  with  it,  called  indirubin. 

Indican  is  decomposed  by  dilute  acids  into  indigo-blue  (or  its  isomer, 
indirubin)  and  indiglucin : 

C^H«NO„        +        20H,        =r        C,H^NO        +        SC.H^O. 
Indican.  Indigo-  Indiglucin. 

blue. 

In  contact  with  aqueous  soda  or  baryta  it  is  resolved  into  indiglucin,  and 
a  yellow  uncryst«llizable  substance  called  indicanin : 

C.H„NO„        -f.        OH,        =        CeH^O,        +        C^H^NO,,; 
Indican.  Indiglucin.  Indicanin. 

and  indicanin,  by  boiling  with  dilute  acids,  is  further  resolved  into  indi- 
glucin and  other  products. 

Indiglucin,  ^s^io^s*  ^^  a  colorless  or  light-yellow  syrup,  having  a  slightly 
sweet  taste,  soluble  in  water  and  alcohol,  but  precipitated  from  the  alco- 
holic solution  by  ether.  It  is  not  fermentable,  but  turns  acid  by  prolonged 
contact  with  yeast.  It  throws  down  cuprous  oxide  from  an  alkaline  cuprio 
solution,  metallic  silver  from  an  ammoniacal  solution  of  the  nitrate,  and 
gold  from  the  trichloride.  With  basic  or  neutral  lead  acetate,  on  addition 
of  ammonia,  it  forms  a  precipitate  containing  CijHjgPb^^O,,.  SPV^O. 


POLYOLUOOSIC  ALCOHOLS. 

The  compounds  of  this  group,  including  cane-8up:ar  and  other  bodies  more 
or  less  resembling  it,  may  be  regarded  as  formed  by  the  combination  of 
two  or  more  molecules  of  glucose,  with  elimination  of  a  number  of  mole- 
cules of  water,  less  by  one  than  the  number  of  glucose  molecules  which 
enter  in  the  combination: 

2C«H„0<,    —     H.O  =rr     C,jH„Oi„  Diplucosic  alcohol. 

3C^H„0,    —    2H,0  =     C,8ll,,0,e.  Triglucosic  alcohol. 

«CsHiA    —     («-l)H,0     =     C^H,o„+,0^+,. 
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The  only  known  alcohols  of  this  class  are  diglucosic  alcohols,  C|,HgO„: 
but  starch,  cellulose,  and  other  plant-constituents  appear  to  be  oxygen 
ethers,  or  anhydrides,  of  polyglueosic  alcohols  of  higher  orders. 

Cane-sngar  or  Saccharose,  C^HgOjj.  —  This  most  useful  substance  is  found 
in  the  juice  of  many  of  the  grasses,  in  the  eap  of  seTeral  forest-trees,  in 
the  root  of  the  beet  and  the  mallow,  and  in  sereral  other  plants.  Most 
sweet  fruits  contain  cane-sugar,  together  with  iuTerted  sugar  (p.  577): 
some,  as  walnuts,  hazelnuts,  almonds,  coffee-beans,  and  St.  John's-bread 
(the  fruit  of  Ceratonia  tiliqua),  contain  only  cane-sugar.  Honey  and  the 
nectars  of  flowers  contain  cane-sugar  together  with  inverted  sugar;  the 
sugar  in  the  nectars  of  cactuses  is  almost  wholly  cane  sugar. 

Sugar  is  extracted  most  easily  and  in  greatest  abundance  from  the  sngar- 
oane  [SaeSharum  offieinarum)^  cultivated  for  the  purpose  in  many  tropical 
countries.  The  canes  are  crushed  between  rollers,  and  the  expressed  juice 
is  suffered  to  flow  into  a  large  vessel,  where  it  is  slowly  heated  nearly  to 
its  boiling  point.  A  small  quantity  of  slaked  lime  mixed  with  water  is 
then  added,  which  occasions  the  separation  of  a  coagulum  consisting  chiefly 
of  earthy  phosphates,  waxy  matter,  a  peculiar  albuminous  principle,  and 
mechanical  impurities.  TKe  clear  liquid  separated  from  the  coagulum  is 
rapidly  evaporated  in  open  pans,  heated  by  a  strong  fire  made  with  the 
crushed  canes  of  the  preceding  year,  which  have  been  dried  in  the  sun, 
and  preserved  for  the  purpose.  When  sufficiently  concentrated,  the  8yrap 
is  transferred  to  a  shallow  vessel,  and  left  to  crystallize,  during  which  tinie 
it  is  frequently  agitated  in  order  to  hasten  the  change  and  hinder  the  format 
tion  of  large  crystals.  It  is.  lastly,  drained  from  the  dark  uncrystallizable 
syrup,  or  moicwses^  and  sent  into  commerce,  under  the  nnme  of  r<iip  or  J/»»- 
covado  sugar.  The  refining  of  this  crude  product  is  effected  by  redissoW- 
ing  it  in  water,  adding  a  quantity  of  albumen  in  the  shape  of  serum  of 
blood  or  white  of  egg,  and  sometimes  a  little  lime-water,  and  heating  the 
whole  to  the  boiling  point:  the  albumen  coagulates,  and  forms  a  kind  of 
network  of  fibres,  which  enclose  and  separate  from  the  liquid  nil  mechan- 
ically suspended  impurities.  The  solution  is  decolorized  by  filtration 
through  animal  charcoal,  evaporated  tn  the  crystallizing  point,  and  put  JDto 
conical  earthen  moulds,  where  it  solidifies,  after  some  time,  to  a  coofusedW 
crystalline  mass,  which  is  drained,  washed  with  a  little  clean  syrup,  sod 
dried  in  a  stove:  the  product  is  ordinary  loaf  sv gar.  When  the  crystalliw- 
tion  is  allowed  to  take  place  quietly  and  slowly,  Bvgar-candif  results,  the 
crystals  under  these  circumstances  acquiring  large  volume  and  regular 
form.  The  evaporation  of  the  decolorized  syrup  is  best  conducted  in 
strong  close  boilers  exhausted  of  air;  the  boiling  point  of  the  syrup  is 
reduced  in  consequence  from  110®  C.  (280°  F.)  to  65 •5°  C.  (150«»F),  or 
below,  and  the  injurious  action  of  the  heat  upon  the  sugar  is  in  great 
measure  prevented.  Indeed,  the  production  of  molasses  in  the  rude  colo- 
nial manufacture  is  chiefly  the  result  of  the  high  and  long- con  tinned  heat 
applied  to  the  cane-juice,  and  might  be  almost  entirely  prevented  by  the 
use  of  vacuum-pans,  the  product  of  sugar  being  thereby  greatly  increased 
in  quantity,  and  so  far  improved  in  quality  as  to  become  almost  equal  to 
the  refined  article. 

In  many  parts  of  the  continent  of  Europe,  sugar  is  manufactured  on  a 
large  scale  from  beet -root,  which  contains  about  8  per  cent,  of  that  sub- 
stance. The  proce5iS  is  far  more  cotn plicated  and  troublesome  than  that 
just  described,  and  the  raw  product  much  inferior.  When  refined,  bow- 
ever,  it  is  scarcely  to  he  distinguished  from  the  preceding.  The  inhabit- 
ants of  the  Western  States  of  America  prepare  sugar  in  consider«ble 
quantity  from  the  sap  of  the  sugar-maple,  Aetr  sarrfurrinum^  which  is  come 
mon  in  those  parts.     The  tree  is  tapped  in  the  spring  by  boring  a  holes 
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little  "way  into  the  wood,  and  inserting  a  small  spout  to  convey  the  liquid 
into  a  Teasel  placed  for  its  reception.  This  is  boiled  down  in  an  iron  pot, 
and  furnishes  a  coarse  sugar,  which  is  almost  wholly  employed  for  domes* 
tic  purposes,  but  little  finding  its  way  into  commerce. 

Pure  sugar  slowly  separates  from  a  strong  solution  in  large,  transparent, 
colorless  crystals,  having  the  figure  of  a  modified  monocliuic  prism.  The 
crystala  have  a  specific  gravity  of  1*6,  and  are  unchangeable  in  the  air. 
Sugar  has  a  pure,  sweet  taste,  is  very  soluble  in  water,  requiring  for  solu- 
tion only  one-third  of  its  weight  in  the  cold,  and  is  also  dissolved  by  alco- 
hol, but  less  easily.  l¥hen  moderately  heated  it  melts,  and  solidifies  on 
cooling  to  a  glassy  amorphous  mass,  familiar  as  barley-sugar. 

1.  Cane-sugar,  heated  a  little  above  160®  C.  (820°  F.),  is  converted,  with- 
out loss  of  weight,  into  a  mixture  of  dextro-glucose  and  levolusan  (p.  577): 

At  Wk  higher  temperature,  water  is  given  off,  the  dextro-glucose  being 
probably  converted  into  glucosan  (p.  579):  afterward,  at  about  210°  C. 
(410^  F.),  more  water  goes  off,  and  a  brown  substance  called  caramel  re- 
mains, consisting  of  a  mixture  of  several  compounds,  all  formed  from  sugar 
by  elimination  of  water.  At  a  still  higher  temperature,  an  inflammable 
gaseous  mixture  is  given  off,  consisting  of  carbon  monoxide,  marsh-gas, 
and  carbon  dioxide ;  a  distillate  is  obtained,  consisting  of  brown  oils,  acetic 
acid,  acetone,  and  aldehyde ;  and  a  considerable  quantity  of  charcoal  re- 
mains behind.  The  brown  oils  contain  a  small  quantity  of  fur/urolf  and  a 
bitter  substance  called  atsamar, 

2.  By  prolonged  boiling  with  water^  cane-sugar  is  converted  into  inverted 
sugar.  This  transformation  is  accelerated  by  the  presence  of  acids,  and 
apparently  also  of  certain  salts.  Different  acids  act  with  various  degrees 
of  rapidity — mineral  more  quickly  than  organic  acids,  sulphuric  acid  most 
quickly  of  all.  When  sugar  is  boiled  even  with  very  dilute  acids,  especially 
if  the  boiling  be  long  continued,  a  number  of  brown  amorphous  products 
are  formed,  called  ulmin.  ulmic  acid,*  &c. ;  if  the  air  has  access  to  the  liquid, 
formic  acid  is  likewise  produced.  Concentrated  hydrochloric  acid  decom- 
poses sugar  very  quickly. 

Strong  sulphuric  acid  decomposes  dry  sugar  when  heated,  and  a  concen- 
trated solution,  even  at  ordinary  temperatures,  with  copious  evolution  of 
sulphurous  oxide,  and  formation  of  a  large  quantity  of  black  carbonaceous 
matter.   -By  this  reaction  cane-sugar  may  be  distinguished  from  glucose. 

3.  Cane-sugar  is  very  easily  oxidized.  It  reduces  silver-  and  mercury- 
salts  when  heated  with  them,  and  precipitates  gold  from  the  chloride. 
Pore  cupric  hydrate  is  but  slowly  reduced  by  it,  even  at  the  boiling  heat ; 
in  presence  of  alkali,  however,  a  blue  evolution  is  formed,  and  on  boiling 
the  liquid,  cuprous  oxide  is  slowly  precipitated  (p.  074).  Cane-sugar  takes 
fire  when  triturated  with  8  parts  of  lead  dioxide,  and  forms  with  potassium 
chlorate  a  mixture  which  detonates  on  percussion,  and  burns  vividly  when 
a  drop  of  oil  of  vitriol  is  let  fall  upon  it.  Distilled  with  a  mixture  of  sul- 
phuric acid  and  manganese  dioxide,  it  yields  formic  acid.  Heated  with 
dilute  nitric  acid,  it  yields  saccharic  and  oxalic  acids.  1  part  sugar  mixed 
with  3  parts  nitric  acid,  of  specific  gravity  1-25  to  1  80,  and  heated  to  50° 
C.  (122^  F.),  is  wholly  converted  into  saccharic  acid: 

•  Under  the  names  ulmin  And  ulmie  aeifl  have  been  confonndctd  a  nnmher  of  brown  or  blAck 
nncryetalUsiible  sab«tADce«  produced  by  the  action  of  powerfnl  chetiiicHl  AKentu  upon  suipir, 
lig:nin,  Ac,  or  generated  by  the  putreractive  decay  of  vegetable  fibre.  Gomrabii  garden  mould, 
for  exmiuple,  treated  with  dilute,  lK>lIing  solution  of  caustic  potAs«;^  yields  a  d^ep-brown  solu- 
tion, from  which  acids  precipitate  a  flocculent,  bn)wn  substance,  having  but  a  slight  depree 
of  solubility  in  water.  This  is  generally  called  tdnie  or  huntie  acid,  and  its  origin  nstribed  to 
the  reaction  of  the  alkali  on  tlie  ultiiH  or  humu*  of  the  soil.  It  is  known  that  th'^'to  budiei 
differ  exceedingly  in  composition:  thoy  are  too  indoflnito  to  admit  of  roady  luveetigution. 
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Ci.Hi.Ou      +      O,       =       2C,H„0,       OH. 


At  <be  boiling  heat,  the  product  consigta  chiefly  of  oi«l!r  —M  v 
Mrong  nitric  acid,  or  a  mixture  of  strong  nitric  and  gulnhuric^cl'^.  ^^ 
verts  sugar  into  m/ro«ec*«ro,<,  probablv  C  H  f \oVn  R  ^^  ,'^°" 
wise  oxidized  by  chloride  of  limi^ut  thVpr^ucTClf^'o,  b!T/x  "  ''^ 
4.  Cane-sugar  does  not  turn  brown  when  Triturlled  w^tS  «lt  ?""*^ 
character  by  which  it  is  distinguished  from  glucosl  it  o„„h ''l'*^..? 
hein  however,  forming  compounds  called  '-cro/i     b'  bo  lin«  w^t^  tl,*'!'' 

Jotiunum-  and  Sodtum-compoundt  of  cane-euear   C   H   Kn     .-j  n   n 
NaO„.  are  formed,  as  gelatinous  precipitates   oTmixin^^.^Lt  r  *^"?« 
t.on  of  cane-sugar  with  potash-  or  soda-lye    '  *       "Icohohc  aolu- 

A  barium-compound,  C,.H_B8"0..    H  O   >»•  r   it  n       u  ///^   •       .     . 

aqueous  solution  of  sugar.     It  maj  be  crvsilLed  frnm^^^  r  *""  *''•'* 

is  insoluble  in  alcohol.  ^       crystaUiied  from  boiliDg  water,  but 

(7iti/rmm-cro,»/>of/nrf«.~Lime  dissoWes  in  sugar-water  much  mor«  ^..^n 
than  m  pure  water.     The  solution  has  a  bitter  *w«   L^  •  ,    readilj 

riowly  precipitated  by  carbonic  acid' *  Tw"  ^Te'lhre^  orTJ^'^fV"' 
compounds,  which  may  be  approximately  represented 'by  th"  foUoViitg' f::! 

1.  C„H„0„.Ca"0.  8.   C,,H_0„ .  2Ca"0   2H  O 

2.  2C„H,0„ .  8Ca-0  (T)  4.   C^hX  .  8C.-a       '^^ 
Uagrutia  and  fcarf  oxiVfe  are  also  dissolved  by  suear-water     A  »—- .  «• 

lead-compound.  C„H,.Pb".0.,.  is  prccipitated\n Kg  r„„ J^^^^l'wUh 
neutral  lead-acetate  and  ammonia  *  Bug»r  water  with 

iril^^olX^Z:  "'''  "*""  ^''^"'*'  *  ^^^'^^^''^^  --Po--<i  contain. 

Caiie..^ugar  is  not  directly  fermentable,  but  when  it«  dilute  aoucoua  ^nln 
tion  18  mixed  with  yeast,  and  exposed  to  a  warm  atmospherritT*^  ^7 
resolved  into  a  mixture  of  dextrose  and  levulose  (t>  ^T\lyr^2\^         7^ 
into  fermentation,  yielding  alcohol  and  carbon  dioxide.^'  "'^'^  ^'^'^^ 

Parai wjcharow.  C,,H„0„.-Thi8  is  an  isomer  of  cane-sugar,  produced 
according  to  Jodm,*  by  spontaneous  fermentation.     An  aoueius^lnt^^' 
of  cane-sugar  containing  ammonium   phosphate  left  t^  TelHor  Si^ee 
monhs  in  summer,  yielded,  under  circumstances  not  further  spe^fied   ! 
crystAllisable  sugar,  isomeric  with  saccharose,  toirether  with  an  -SnX-^T' 
sugar  having  the  composition  of  a  glucose,  bot^dext^rot:l^„^"l^ar^ 
saccharose  is  very  soluble  m  water,  nearly  insoluble  in  alcohol  of  90  ner 
cent^     Its  specific  roUtory  power  at  lOo  =  +  I08o,  appearing  to  in«^SL 
a  little  with  rise  of  temperature.     It  does  not  melt  at  100«  but  be«om^ 
colored,  and  appears  to  decompose.    It  reduces  an  alkaline  cupric  solutW 
but  only  half  as  strongly  as  dextro-glucose.     It  ia  not  perceptibly  altered 
by  dilute  sulphuric  acid,  even  at  lOQo ;  hydrochloric  acid  weakens  its  A^!^ 
tory  power,  turns  the  solution  brown,  and  heightens  its  reducine  noweVf^ 
oupric  oxide.  *  t^wwcnwr 

Melitoie,  C„n-,0„.— A  kind  of  sugar  obtained  from  the  manna  which 
falls  in  opaque  drops  from  various  species  of  Eucalyptvt  growing  in  Tas- 
mania. It  is  extracted  by  water,  and  crystalliies  in  extremely  thin  inter- 
laced needles,  having  a  slightly  saccharine  tnste. 

The  crystals  of  melif ose  are  hydrated,  containing  C,,HjjO„ .  30H  TheT 
give  off  2  atoms  water  at  100<^,  and  beoome  anhydrous  at  18CP  0.  (^^  f  \ 
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They  dissolve  in  9  parts  of  cold  water,  rery  easily  in  boiling  water,  and 
di9soWe  also  in  boiling  alcohol  more  freely  than  mannite.  The  alcoholic 
solution  yields  small  but  well^doTeloped  crystals.  The  aqueous  solution 
tarns  the  plane  of  polariiation  to  the  right :  for  the  transition  tint  [a]  = 
-  102«. 

Melitose,  heated  with  dilute  sulphuric  acid,  is  resoWed  into  a  fermentable 
sugar  (probably  dextroglucose),  and  non-fermentable  encalyn  (p.  578). 
Melitose  ferments  in  contact  with  yeast,  but  is  resoWed,  in  the  first  in- 
stance, into  glucose  and  eucalyn.  It  does  not  reduce  an  alkaline  cuprip 
solution,  and  is  not  altered  by  boiling  with  dilute  alkalies  or  with  baryta- 
water.  It  is  oxidized  by  nitric  acid,  yielding  a  certain  quantity  of  mucic 
acid,  together  with  a  large  quantity  of  oxalic  acid. 

Kelesitote,  Ct,H„0|,. — This  yariety  of  sugar  is  found  in  the  so-called 
manna  of  Brian9on,  which  exudes  from  the  young  shoots  of  the  larch 
[I*arix  Europaa),  The  manna  is  exhausted  with  alcohol,  which,  when  evap- 
orated, yields  melesitose  in  rery  small,  hard,  shining  efflorescent  crystals, 
which  giro  off  4  per  cent,  of  water  when  heated,  melt  below  140^  without 
further  alteration,  forming  a  liquid  which  solidifies  to  a  glass  on  cooling. 
Melezitose  is  dextro-rotatory;  fa]  =:  -j-  94-1**.  It  dissolves  easily  in 
water,  is  nearly  insoluble  in  cold,  slightly  soluble  in  boiling  alcohol. 

Melezitose  decomposes  at  about  200<^  0.  (892**  F.).  It  is  carbonized  by 
cold  strong  sulphuric  acid,  quickly  turns  brown  with  boiling  hydrochloric 
acid,  and  forms  oxalic  acid  with  nitric  acid.  By  an  hour's  boiling  with 
dilute  sulphuric  acid,  it  is  converted  into  glucose.  In  contact  with  yeast  it 
passes  slowly,  or  sometimes  not  at  all,  into  vinous  fermentation.  It  is  not 
altered  at  100^  by  aqueous  alkalies,  and  scarcely  by  potassio-cuprio  tar- 
trate. 

Trehalose,  CJd^O^^ .  20H^  is  obtained  from  Trehala  fitanna,  the  produce 
of  a  speoies  of  Echinops  growing  in  the  East,  by  extraction  with  boiling 
alcohol.  It  forms  shining  rhombic  crystals,  containing  C„H„0,| .  20Hy 
which  melt  when  quickly  heated  to  109°  C.  (228<»  F.) ;  but  if  slowly  heated 
give  off  their  water  even  below  100°.  It  has  a  strongly  saccharine  taste, 
dissolves  easily  in  water  and  in  boiling  alcohol,  but  is  insoluble  in  ether. 
The  aqueous  solution  is  dextro-rotatory ;  [a]  =;  -j-  199°. 

By  several  hours'  boiling  with  dilute  sulphuric  acid,  it  is  converted  into 
dextroglucose.  With  strong  nitric  acid  it  forms  a  detonating  nitro-com- 
pound ;  heated  with  dilute  nitric  acid  it  yields  oxalic  acid.  In  contact  with 
yeast  it  passes  slowly  and  imperfectly  into  alcoholic  fermentation.  It  is 
not  altered  by  boiling  with  alkalies,  and  does  not  reduce  cuprous  oxide 
from  alkaline  cupric  solutions.  Heated  with  acetic  or  butyric  acid,  it  yields 
compounds  not  distinguishable  from  those  which  are  formed  in  like  man- 
ner from  dextroglucose  (p.  577). 

Myoose,  C,,H„0,, .  20Hy  is  a  kind  of  sugar  very  much  like  trehalose, 
obtained  from  ergot  of  rye  by  precipitating  the  aqueous  extract  of  the 
fungus  with  basic  lead  acetate,  removing  the  lead  from  the  filtrate  by 
sulph-bydric  acid,  evaporating  to  a  syrup,  and  leaving  the  liquid  to  crys- 
tallize. It  differs  from  trehalose  only  in  possessing  a  somewhat  feebler 
rotatory  power;  [a]  =  -|<  192*5°,  and  in  not  being  completely  dehydrated 
St  100°. 

Klk-sngar,  Laetln,  or  Laetoie,  O^flrfi^^i  •  ^^r — "^^^^  ^^^^  ^^  sugar  is 
sn  important  constituent  of  milk ;  it  is  obtained  in  large  quantities  by  evap- 
orating whey  to  a  syrupy  state,  and  purifying  the  lactose,  which  slowly 
crystallises  out,  with  animal  charcoal.  It  forms  white,  translucent,  four- 
sided,  trimetric  prisms,  of  great  hardness.  It  is  slow  and  diffioult  of  solu- 
tion in  cold  water,  requiring  for  that  purpose  6  or  6  times  its  weight :  it 
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has  a  faint,  sweet  taste,  and  in  the  solid  state  feels  gritty  between  the  teeth. 
When  heated,  it  loses  water,  and  at  a  high  temperature  blackens  and  de- 
composes. Milk-sugar  combines  with  bases,  forming  compounds  vhieh 
have  an  alkaline  reaction,  and  are  easily  decomposed.  Dilute  acidi  con- 
Tert  it  into  galactose  (p.  578). 

Milk-sugar,  when  distilled  with  oxidizing  mixtures,  such  as  sulphnrie 
acid  and  manganese  dioxide,  yields  formic  acid.  With  nitric  acid,  itfonns 
mucic,  saccharic,  tartaric,  and  a  small  quantity  of  racemic  acid,  and  fiosUy 
oxalic  acid.  Very  strong  nitric  acid,  or  a  mixture  of  nitric  and  sulpharic 
acids,  conyerts  milk-sugar  into  a  crystalline  snbstitution-produet  called 
nitro'lattin. 

Milk-sugar  is  not  brought  immediately  by  yeast  into  the  state  of  aleo- 
holic  fermentation ;  but  when  it  is  left  for  some  time  in  contact  with  yeast, 
fermentation  gradually  sets  in.  When  cheese  or  gluten  is  used  as  the  fer- 
ment, the  milk-sugar  is  converted  into  lactic  acid.  Alcohol  is,  however, 
always  formed  at  the  same  time,  especially  if  no  chalk  is  added  to  neutral- 
ize the  acid  as  it  forms ;  the  quantity  of  alcohol  formed  is  greater  also  ss 
the  solution  is  more  dilute. 

Onm.  —  Outn-arabic»  which  is  the  produce  of  several  species  of  aeacia. 
may  be  taken  as  the  most  perfect  type  of  this  class  of  bodies.  In  its  purest 
and  finest  coudition,  it  forms  whit«  or  slightly  yellowish  irregular  masses, 
which  are  destitute  of  crystalline  structure,  and  break  with  a  smooth  coo- 
choidal  fracture.  It  is  soluble  in  cold  water,  forming  a  viscid,  adhesive, 
tasteless  solution,  from  which  the  pure  soluble  gummy  principle,  or  ttrelnn, 
is  precipitated  by  alcohol,  and  by  basic  lead  acetate,  but  not  by  the  neutral 
acetate.  Arabin  is  composed  of  CijH^Ou,  and  is  consequently  isomeric 
with  cane-sugar. 

Mucilage,  so  abundant  in  linseed,  in  the  roots  of  the  mallow,  in  MUp,  the 
fleshy  root  of  Orchis  nuueula,  and  in  other  plants,  differs  in  some  respects 
from  gum-arabic,  although  it  agrees  in  the  property  of  dissolving  in  eoM 
water.  The  solution  is  less  transparent  than  that  of  gum,  and  is  precipi- 
tated by  neutral  lead  acetate.  Gum-tragacanth  is  chiefly  compMed  of  a 
kind  of  mucilage  to  which  the  name  batsorin  has  been  given ;  it  refuses  to 
dissolve  in  water,  merely  softening  and  assuming  a  gelatinous  tspeet.  It 
is  dissoved  by  caustic  alcali.  Ceratin  is  the  insoluble  portion  of  the  gom 
of  the  cherry-tree ;  it  resembles  bassorin.  The  composition  of  these  vsri- 
ous  substances  has  been  carefully  examined  by  Schmidt,  who  finds  that  it 
closely  agrees  with  that  of  starch.  Mucilage  invariably  contains  hydrogeo 
and  oxygen  in  the  proportion  in  which  they  form  water,  and  when  treated 
with  acid,  yields  glucose. 

Pectin,  or  the  jelly  of  fruits,  is,  in  its  physical  properties,  closely  allied 
to  the  foregoing  bodies.  It  may  be  extracted  from  various  vegetable  juices 
by  precipitation  with  alcohol.  It  forms  when  moist  a  transparent  jellv, 
which  is  soluble  in  water,  tasteless,  and  dries  up  to  a  translucent  mass  U 
is  to  this  substance  that  the  firm  consistence  of  currant  and  other  fmit- 
jellies  is  ascribed.  According  to  Fr^my,  the  composition  of  pectin  H 
Cg^H^gOgj.  By  ebullition  with  water  and  with  dilute  acids  it  is  chaD^ 
into  two  isomeric  modifications,  called  paropeetin  and  metcpedin.  In  contact 
with  bases,  these  three  substances  are  converted  into peetic  acid,  Cj^Hj^C^  (?). 
which  closely  re«embles  pectin,  except  that  it  possesses  feeble  acid  proper- 
ties, and  is  insoluble  in  water.  By  long  boiling  with  caustic  alkali,  a  fur- 
ther change  is  produced,  and  metopectic  acid,  ^M^ts^n  (^)*  ^  formed,  which 
does  not  gelatinize.  The  metallic  pectates  anumetapectates  are  uncrystal- 
lizable.  Much  doubt  still  exists  respecting  the  composition  of  the  various 
bodies  of  the  pectin  group;  but  from  the  analyses  hitherto  made,  they  do 
not  appear  to  contain  hydrogen  and  oxygen  in  the  proportion  to  form  water, 
-'nd  therefore  scarcely  belong  to  the  sugar  and  starch  group. 
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OXYGEN-ETHERS,  OR  ANHYDRIDES,  OF  THE  POLYGLUCOSIG  ALCOHOLS. 

These  compounds,  which  are  important  constituents  of  the  vegetable  or- 
ganism, may  be  derived  from  glucose  and  the  polyglucosio  alcohols  by 
abstraction  of  a  molecule  of  water : 

C,H„0,      -    H.0    =    C,H,,0,. 
Glucose. 

CijHaO^     —    H,0    =    CijH^Ojo,  or  2C.H„0^ 
Biglucosic 
alcohol. 

CisH„0,,     —    H,0    =    CiaH^Oi,.  or  SCfi^fi^ 
TriglucoBio 
alcohol. 


C»|H,o.+,05„+,    —    H,0    =    C^Hi^Ojo,  or  nC^U^O^, 

All  these  bodies  are  therefore  isomeric  or  polymeric  one  with  the  other. 
Their  compounds  with  metallic  oxides,  &c.,  have  not  been  sufficiently  in- 
vestigated to  fix  their  exact  molecular  weight,  or  to  determine  in  each 
case  the  value  of  n;  but  from  the  mode  of  conversion  of  starch  into  glu- 
cose, and  the  constitution  of  certain  substitution-products  obtained  by  the 
action  of  nitric  acid  on  cellulose,  it  appears  most  probable  thai  in  these 
boiies  fi^=3. 

Starob,  nCfi^fi^,  probably  C,gH,oO„,  also  called  FeeuU  and  Atnidine. — 
This  is  one  of  the  most  important  and  widely  diffused  of  the  vegetable  prox- 
imate principles,  being  found  to  a  greater  or  less  extent  in  every  plant.  It 
is  most  abundant  in  certain  roots  and  tubers,  and  in  soft  stems :  seeds  often 
contain  it  in  large  quantity.  From  these  sources  the  starch  can  be  obtained 
by  rasping  or  grinding  the  vegetable  structure  to  pulp,  and  washing  the 
mass  upon  a  sieve,  by  which  the  torn  cellular  tissue  is  retained,  while  the 
starch  passes  through  with  the  liquid,  and  eventually  settles  down  from 
the  latter  as  a  soft,  white,  insoluble  powder,  which  may  be  washed  with 
cold  water,  and  dried  at  a  very  gentle  heat. 
Potatoes  treated  in  this  manner  yield  a  large  /V.  108. 

proportion  of  starch.  Starch  from  grain  may  be 
prepared  in  the  same  manner,  by  mixing  the 
meal  with  water  to  a  paste,  and  washing  the 
mass  upon  a  sieve:  a  nearly  white,  insoluble 
substance  called  gluten  is  then  left,  containing  a 
Urge  proportion  of  nitrogen.  The  gluten  of 
wheat-flour  is  extremely  tenacious  and  elastic. 
The  Talue  of  meal  as  an  article  of  food  (preatly 
depends  upon  this  substance.  Starch  from  grain 
is  commonly  manufactured  on  the  large  scale  by 
steeping  the  material  in  water  for  a  consider- 
able time,  when  the  lactic  acid,  always  devel- 
oped under  such  circumstances  from  the  sugar 
of  the  seed,  disintegrates,  and  in  part  dissolves 
tbe  aiotixed  matter,  thereby  greatly  facilitating 
ihe  mechanical  separation  of  that  which  re- 
mains. A  still  more  easy  and  successful  process  has  lately  been  introduced, 
in  which  a  very  dilute  solution  of  caustic  soda,  containing  about  200  grains 
of  alkali  to  a  gallon  of  liquid,  is  employed  with  the  same  view.  Excellent 
starch  is  thus  prepared  from  rice.  Siarch  is  insoluble  in  cold  water,  as 
50 
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indeed  its  mode  of  preparation  sufficientlj  ebows:  it  is  equally  ismlnble 
in  alcohol  and  other  liquids,  which  do  not  effect  its  deeomposition.  To 
the  naked  eye  it  presents  the  appearance  of  a  soft,  white,  and  often  glis- 
tening powder :  under  the  microscope  it  is  seen  to  be  altogether  destitute 
of  crystalline  structure,  but  to  possess,  on  the  contrary,  a  kind  of  organi- 
sation, being  made  up  of  multitudes  of  little  rounded  transparent  booies, 
upon  each  of  which  a  series  of  depressed  parallel  rings,  surronndiDg  a 
central  spot  or  hilum,  may  often  be  traced.  The  starch-granules  from  dif- 
ferent plants  yary  both  in  magnitude  and  form :  those  from  the  Cmina  eof- 
dneOf  or  tauM  Us  mou,  and  potato  being  largest ;  and  those  from  wheat,  and 
the  cereals  in  general,  very  much  smaller.  Figure  i93  will  serve  to  con- 
vey an  idea  of  the  appearance  of  the  granules  of  potato-starch,  highly  mag- 
nified. 

When  a  mixture  of  starch  and  water  is  heated  to  near  the  boiling-point 
of  the  latter,  the  granules  burst  and  disappear,  producing,  if  the  propor- 
tion of  starch  be  considerable,  a  thick  gelatinous  mass,  rery  slightly  opal- 
escent, from  the  shreds  of  fine  membrane,  the  enyelope  of  each  separate 
granule.  By  the  addition  of  a  large  quantity  of  water,  this  gelatiootu 
starch,  or  amidin,  may  be  so  far  diluted  as  to  pass  in  great  measure  through 
filter-paper.  It  is  very  doubtfiil,  however,  how  far  the  substance  itself  is 
really  soluble  in  water,  at  least  when  cold ;  it  is  more  likely  to  be  meirlj 
suspended  in  the  liquid  in  the  form  of  a  SM'ollen,  transparent,  and  insoluble 
jelly,  of  extreme  tenuity.  Gelatinous  starch,  exposed  in  a  thin  layer  to  % 
dry  atmosphere,  becomes  converted  into  a  yellowish,  horny  substance,  lil^e 
gum,  which,  when  put  into  water,  again  softens  and  swells. 

Thin  gelatinous  starch  is  precipitated  by  many  of  the  metallic  oxides, 
as  lime,  baryta,  and  lead  oxide ;  also  by  a  large  addition  of  alcohol  h- 
fitrion  of  galU  throws  down  a  copious  yellowish  precipitate  containing  tan- 
nic acid,  which  re-dissolves  when  the  solution  is  heated.  By  far  the  oiost 
characteristic  reaction,  however,  is  that  with  free  iodine^  which  forms  vitli 
starch  a  deep  indigo-blue  compound,  which  appears  to  dissolve  in  pore 
water,  although  it  is  insoluble  in  solutions  containing  free  acid  or  saline 
matter.  The  blue  liquid  has  its  color  destroyed  by  heat,  temporarily  if  the 
heat  be  quickly  withdrawn,  and  permanently  if  the  boiling  be  long  con- 
tinued, in  which  case  the  compound  is  decomposed  and  the  iodine  volatil- 
ised.    Dry  starch,  put  into  iodine-water,  acquires  a  pnrplish-black  color. 

The  unaltered  and  the  gelatinous  starch,  in  a  dried  state,  have  the  same 
empirical  formula,  CgHj^O^.  A  compound  of  starch  and  lead  oxide  wu 
found  to  contain,  when  dried  at  \QfP,  (^fiifi^ .  PbO,  or  C^H^Ou .  8PbO. 

Dbxtbin. — ^When  gelatinous  starch  is  boiled  with  a  small  quantity  of  di- 
lute sulphuric,  hydrochloric,  or  indeed,  almost  any  acid,  it  speedily  loses 
its  consistency,  and  becomes  thin  and  limpid,  from  having  suffered  conver- 
sion into  a  soluble  gum-like  substance,  called  dextrin,  on  account  of  its 
dextro-rotatory  action  on  polarized  light.  The  experiment  is  most  coo- 
yeniently  made  with  sulphuric  acid,  which  may  be  afterward  withdrawn 
by  saturation  with  chalk.  The  liquid  filtered  from  the  nearly  insoluble 
gypsum,  may  then  be  evaporated  to  dryness  in  a  water-bath.  The  reralt 
is  a  gum-like  mass,  destitute  of  crystalline  structure,  soluble  in  cold  water, 
preeipitable  from  its  solution  by  alcohol,  and  capable  of  combining  with 
lead  oxide. 

When  the  ebullition  with  the  dilute  acid  is  continued  for  a  considerable 
time,  the  dextrin  first  formed  undergoes  a  further  change,  and  becomes 
converted  into  dextro-glucose,  which  can  be  thus  artificially  produced  with 
the  greatest  facility.  The  length  of  time  required  for  this  remarkable 
change  depends  upon  the  quantity  of  acid  present ;  if  the  latter  be  TeJ7 
•mall,  it  is  necessary  to  continue  the  boiling  many  successive  hours,  re- 
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plaeing  the  water  which  eTAporates.  With  a  larger  proportion  of  acid,  the 
conTenion  is  much  more  speedy.  A  mixture  of  15  parts  of  potato-starch, 
GO  parts  water,  and  0  parts  sulphuric  acid,  maj  be  kept  boiling  for  about 
four  hours ;  the  liquid  neutralized  with  chalk,  filtered,  and  rapidly  erapo- 
rated  to  a  small  bulk.  By  digestion  with  animal  charcoal  and  a  second 
filtration,  much  of  the  color  will  be  removed,  after  which  the  solution  may 
be  boiled  down  to  a  thin  syrup  and  left  to  crystallise :  in  the  course  of  a 
few  days  it  solidifies  to  a  mass  of  glucose.  There  is  another  method  of 
preparing  this  substance  from  starch  which  deserres  particular  notice. 
Germinating  seeds,  and  buds  in  the  act  of  derelopment,  are  found  to  con- 
tain a  amall  quantity  of  a  peculiar  azotised  substance,  called  diattase;  formed 
at  this  particular  period  from  the  gluten  of  vegetable  albuminous  matter. 
This  substance  possesses  the  same  curious  property  of  effecting  the  conver* 
sioa  of  starch  into  dextrin  and  glucose,  and  at  a  much  lower  temperature 
than  that  of  ebullition.  When  a  little  infusion  of  malt,  or  germinated  bar- 
ley, in  tepid  water,  is  mixed  with  a  large  quantity  of  thick  gelatinous  starch, 
and  the  whole  maintained  at  about  71®,  complete  liquefaction  takes  place 
in  the  space  of  a  few  minutes  from  the  production  of  dextrin  and  glucose. 
If  a  greater  degree  of  heat  be  employed,  the  diastase  is  coagulated  and 
rendered  insoluble  and  inactive.  Very  little  is  known  respecting  diastase 
itself;  it  seems  very  much  to  resemble  vegetable  albumin,  but  has  never 
been  obtained  in  a  state  of  purity. 

The  change  of  starch  or  dextrin  into  sugar,  whether  produced  by  the 
action  of  dilute  acid  or  by  diastase,  takes  place  quite  independently  of  the 
oxygen  of  the  air,  and  is  unaccompanied  by  any  secondary  product.  The 
acid  takes  no  direct  part  in  the  reaction ;  it  may,  if  not  volatile,  be  all 
withdrawn  without  loss  after  the  experiment.  The  whole  reaction  lies 
between  the  starch  and  the  elements  of  water,  a  fixation  of  the  latter  oc- 
curring in  the  new  product,  as  will  be  seen  on  comparing  the  composition 
of  starch  and  glucose.  Dextrin  itself  has  exactly  the  same  composition  as 
the  original  starch. 

It  was  formerly  supposed  that,  in  the  action  of  acids  or  of  disastase  upon 
starch,  the  starch  is  first  converted  into  dextrin  by  a  mere  alteration  of 
physical  structure,  and  that  the  dextrin  then  takes  up  the  elements  of 
water,  and  is  converted  into  glucose,  this  second  stage  of  the  process  oc- 
cupying a  much  longer  time  than  the  first ;  but  from  recent  experiments 
by  Moscttlus*  it  appears  that  both  dextrin  and  glucose  are  produced  at  the 
very  commencement  of  the  reaction,  and  always  in  the  proportion  of  1 
molecule  of  glucose  to  2  molecules  of  dextrin,  whence  it  may  be  inferred 
that  the  molecule  of  starch  contains  CigHg^Ois*  and  that  it  is  resolved  into 
glucose  and  dextrin  by.  taking  up  a  molecule  of  water : 

Cu^tcPa        +        OH,        =        CeH,,Oe        +        2CeH^05 
Starch.  Glucose.  Dextrin. 

When  the  conversion  is  effected  by  a  dilute  acid,  the  dextrin  is,  after  sev- 
eral hours*  boiling,  completely  converted  into  glucose,  which  is  therefore 
the  sole  ultimate  product  of  the  reaction.  But  when  diastase  is  used  as 
the  converting  agent,  the  production  of  glucose  goes  on  only  so  long  ns 
there  is  any  unaltered  starch  still  present,  the  dextrin  undergoing  no  fur- 
ther alteration. 

Dextrin  is  used  in  the  arts  as  a  substitute  for  gum ;  it  is  sometimes  made 
in  the  manner  above  described,  but  more  frequently  by  heating  dry  potato- 
starch  to  400®  C.  (752®  F.),  by  which  it  acquires  a  yellowish  tint  and  be- 
comes soluble  in  cold  water.  It  is  sold  in  this  state  under  the  name  of 
Brkuk  Oum, 

Starch  is  an  important  article  of  food,  especially  when  associated,  as  in 

•  Oomptat  Baodof,  1. 785;  Ut.  194;  Aon.  Ch.  Phja.  [8],  Ix.  206;  [4],  vi.  177. 
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ordinary  meal,  with  albuminons  substances.  Arrowroot,  and  tbe  feeaU  of 
the  Carma  coeeineay  are  very  pure  varieties,  employed  as  articles  of  diet ; 
arrowroot  is  obtained  from  the  Maranta  arundinaceaj  cuUirated  in  the  Vest 
Indies;  it  is  with  difficulty  distinguished  from  potato-starch — Tapoca  is 
prepared  from  the  root  of  the  Jatropha  manihotj  being  thoroughly  purified 
from  its  poisonous  juice.  —  Ctutava  is  the  same  substance  modified  while 
moist  by  heat.  —  Sago  is  made  from  the  soft  central  portion  of  the  stem  of 
a  palm ;  and  »aUp  from  the  fleshy  root  of  the  Orchu  maaeula. 

Starch  vbom  Ioklakd  Moss.  — The  lichen  called  Ceiraria  /stendiieff,  piiri* 
fled  by  a  little  cold  solation  of  potash  f^om  a  bitter  principle,  yields,  vhen 
boiled  in  water,  a  slimy  and  nearly  colorless  liquid,  which  gelatinizes  on 
cooling,  and  dries  up  to  a  yellowish  amorphous  mass,  which  does  not  dis- 
solve in  cold  water,  but  merely  softens  and  swells.  A  solution  of  this  sab- 
stance  in  warm  water  is  not  affected  by  iodine,  although  the  jelly  is  ren- 
dered blue.  It  is  precipitated  by  alcohol,  lead  acetate,  and  inftision  of  galls, 
and  is  converted  into  glucose  by  boiling  with  dilute  sulphuric  acid.  Ac- 
cording to  Mulder,  it  contains  O^Hj^Og.  The  jelly  from  certain  aigm,  as 
that  of  Ceylon,  and  the  so-called  Carragheen  mots,  closely  resembles  the 
above. 

Inulin. — This  substance,  which  differs  from  common  starch  in  some 
important  particulars,  is  found  in  the  root  of  Inula  helenium,  Helianthxu  tu- 
berotua^  dahlia^  and  several  other  plants:  it  may  be  easily  obtained  by  wash- 
ing the  rasped  root  on  a  sieve,  and  allowing  the  inulin  to  settle  down  from 
the  liquid ;  or  by  cutting  the  root  into  thin  slices,  boiling  these  in  water, 
and  filtering  while  hot;  the  inulin  separates  as  the  solution  cools.  It  is  a 
white,  amorphous,  tasteless  substance,  nearly  insoluble  in  cold  water,  but 
freely  dissolves  by  the  aid  of  heat;  the  solution  is  precipitated  by  alcohol, 
but  not  by  acetate  of  lead  or  infusion  of  galls.  Iodine  colors  it  brown. 
Inulin  has  the  same  percentage  composition  as  common  starch.  By  boiling 
with  dilute  acids,  it  is  completely  converted  into  levulose  (p.  577) 

Celluloie,  nC,H,oOg,  probably  CjgH„0|5;  also  called  Lignin. — This  sub- 
stance constitutes  the  fundamental  material  of  the  structure  of  plants;  it 
is  employed  in  the  organization  of  cells  and  vessels  of  all  kinds,  and  forms 
a  large  proportion  of  the  solid  parts  of  every  vegetable.  It  must  not  be 
confounded  with  ligneotu  or  woody  Hasue,  which  is  in  reality  cellulose  with 
other  substances  superadded,  incrusting  the  walls  of  the  original  mem- 
branous cells,  and  conferring  stiffness  and  inflexibility.  Thus  woody  tissue, 
even  when  freed  as  much  as  possible  from  coloring  matter  and  resin  bj 
repeated  boiling  with  water  and  alcohol,  yields,  on  analysis,  a  result  indi- 
cating an  excess  of  hydrogen  above  that  required  to  form  water  with  the 
oxygen,  besides  traces  of  nitrogen.  Pure  cellulose,  on  the  other  hand, 
has  the  same  percentage  composition  as  starch.* 

The  properties  of  cellulose  may  be  conveniently  studied  in  fine  linen 
and  cotton,  which  are  almost  entirely  composed  of  the  body  in  questioOf 
the  associated  vegetable  principles  having  been  removed  or  destroyed  by 
the  variety  of  treatment  to  which  the  fibre  has  been  subjected.  Pare  cel- 
lulose is  tasteless,  insoluble  in  water  and  alcohol,  and  absolutely  ioDUtri- 
tious:  it  is  not  sensibly  affected  by  boiling  water,  unless  it  happens  to 
have  been  derived  from  a  soft  or  imperfectly  developed  portion  of  the 
plant,  in  which  case  it  is  disintegrated  and  rendered  pulpy.  Dilute  t^i^^ 
and  alkalies  exert  but  little  action  on  lignin,  even  at  a  boiling  tempen- 
ture;  strong  oil  of  vitriol  converts  it,  in  the  cold,  into  a  nearly  colorless, 
adhesive  substance,  which  dissolves  in  water,  and  presents  the  characters 

•  Zhma»t  Chtmte  appllqn^e  aiix  Arts,  ri.  ft. 
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of  dextrin.  This  curious  and  interesting  experiment  may  be  couTeniently 
made  by  Tery  slowly  adding  concentrated  sulphuric  acid  to  half  its  weight 
of  lint,  or  linen  cut  into  small  shreds,  taking  care  to  avoid  any  rise  of  tem- 
perature which  would  be  attended  with  charring  or  blackening.  The  mix- 
ing is  completed  by  trituration  in  a  mortar,  and  the  whole  left  to  stand  a 
few  hours ;  after  which  it  is  rubbed  up  with  wator,  warmed,  and  filtered 
from  a  little  insoluble  matter.  The  solution  may  then  be  neutralised  with 
ehalky  and  again  filtered.  The  gummy  liquid  retains  lime,  partly  in  the 
stale  of  sulphate,  and  partly  in  combination  with  sulpholignic  acid,  an 
acid  composed  of  the  elements  of  sulphuric  acid,  in  union  with  those  of 
cellulose.  If  the  liquid,  previous  to  neutralization,  be  boiled  during  three 
or  four  hours,  and  the  water  replaced  as  it  evaporates,  the  dextrin  becomes 
entirely  changed  to  glucose.  Linen  rags  may,  by  these  means,  be  made  to 
faruish  more  than  their  own  weight  of  that  substance.  If  a  piece  of  un- 
sized paper  be  dipped  for  a  few  seconds  into  a  mixture  of  2  volumes  of  con- 
centrated sulphuric  acid  and  1  volume  of  water,  and  then  thoroughly 
washed  with  water  and  dilute  ammonia,  a  substance  is  obtained  which 
resembles  parchment,  and  has  the  same  composition  as  cellulose ;  it  occurs 
in  commerce  under  the  name  of  parchment  paper  (papyrin).  An  excel- 
lent application  of  this  substance  in  diffusion  experiments  is  mentioned  on 
page  149. 

Cellulose  dissolves  in  an  ammoniaoal  solution  of  cupric  oxide  (prepared 
by  dissolving  basic  cupric  carbonate  in  strong  ammonia),  from  which  it  is 
precipitated  by  acids  in  colorless  flakes. 

Cellulose  is  not  colored  by  iodine. 

XtloIdik  AMD  PrnoxTLiir. — ^When  starch  is  mixed  with  nitric  acid  of  spe- 
cific gravity  1*5,  it  is  converted,  without  disengagement  of  gas,  into  a 
transparent,  colorless  jelly,  which,  when  put  into  water,  yields  a  white, 
curdy,  insoluble  substance :  this  is  xyUndin.  When  dry,  it  is  white  and 
tasteless,  insoluble  even  in  boiling  water,  but  freely  dissolved  by  dilute 
nitric  acid,  and  the  solution  yields  oxalic  acid  when  boiled.  Other  sub- 
stances belonging  to  the  same  class  also  yield  xyloidin ;  paper  dipped  into 
the  strongest  nitric  acid,  quickly  plunged  into  water,  and  afterward  dried, 
becomes  in  great  part  so  changed :  it  assumes  the  appearance  of  parch- 
ment, and  acquires  an  extraordinary  degree  of  combustibility. 

If  pure,  finely  divided  ligneous  matter,  as  cotton- wool,  be  steeped  for  a 
few  minutes  in  a  mixture  of  nitric  acid  of  sp.  gpr.  1*6  and  concentrated 
sulphuric  acid,  then  squeezed,  thoroughly  washed,  and  dried  by  very 
gentle  heat,  it  will  be  found  to  have  increased  in  weight  about  70  per  cent., 
and  to  have  become  highly  explosive,  taking  fire  at  a  temperature  not  much 
abore  149^  C.  (30(P  F.),  and  burning  without  smoke  or  residue.  This  is 
pyroxylin,  the  gun-cotton  of  Professor  Srhonbein. 

Xyloidin  and  pyroxylin  are  substitution-products  consisting  of  starch  snd 
cellulose,  in  which  the  hydrogen  is  more  or  less  replaced  by  nitryl,  NO,. 
Xyloidin  consists  of  C,H^(  N0,)0.,  or  CjgH^fNO,),©,,.  Of  pyroxylin  several 
varieties  are  known,  distinguished  by  their  different  degrees  of  stability 
and  solubility  in  alcohol,  ether,  and  other  liquids.  Accoi^ing  to  Hadow,* 
the  three  principal  varieties  are : 

«. — CiJIa(NO-).0^,  or  CgHY(NO,),Oj,  insoluble  in  a  mixture  of  ether  and 
alcohol,  out  soluble  in  ethylic  acetate.  It  is  produced  by  repeated  immer- 
sion of  cotton-wool  in  a  mixture  of  2  molecules  of  nitric  acid,  NO3H,  2 
molecules  of  oil  of  vitriol,  SO^H,,  and  three  molecules  of  water. 

fi. — ^i8^ti(^^3)s^u*  soluble  in  ether-alcohol,  insoluble  in  glacial  acetic 

*  Ch«m.  80c.  JonriMl,  vil.  901. — A  series  of  elaborate  and  ralnablo  rMearches  on  gnn- 
cottoo  lias  recently  been  published  by  Abd  (Proceed.  Royal  Sue.)  xv.  182;  Cheia.  80c.  J.  [2], 
XT.  310. 
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aoid.  Prodaced  when  the  acid  mixture  contains  half  a  moleeale  more 
water  than  in  a. 

y. — 0,gHg(NO.)fO^  (Gladstone's  coUon'Xylotdm),  Boluhle  in  etherud  in 
glacial  acetic  acid.  Produced  when  the  acid  mixture  contains  one  mole- 
eale more  water  than  in  a. 

The  first  of  these,  which  consists  of  trimtroeellulote,  is  the  most  explo- 
sire  of  the  three,  and  the  least  liable  to  spontaneous  decomposition.  It  la 
the  only  one  adapted  for  use  in  gunnery,  and  is  especially  distinguished  as 
**g^n-cotton."  From  the  experiments  of  General  Ton  Lenk,  of  the  Aus- 
trian serrice^it  appears  that  to  insure  the  uniform  production  of  this  par- 
ticular compound  the  following  precautions  are  necessary: 

1.  The  cleansing  and  perfect  desiccation  of  the  cotton,  previously  to  its 
immersion  in  the  mixed  acids. — 2.  The  employment  of  the  strongest  seids 
procurable  in  commerce. — 3.  The  steeping  of  the  cotton  in  a  frrah  Strang 
mixture  of  acids  after  the  first  immersion  and  partial  couTersion  into  gun- 
cotton. — 4.  The  continuance  of  the  steeping  for  forty*eight  hours. — 5.  The 
thorough  purification  of  the  gun-cotton  thus  produced  from  erery  trace  of 
free  acid,  by  washing  the  product  in  a  stream  of  water  for  sevenl  weeks ; 
subsequently  a  weak  solution  of  potash  may  be  used,  but  this  is  not  essen- 
tial. 

The  solution  of  the  less  highly  nitrated  compounds  in  alcohol  and  ether 
is  called  eoUodion,  This  solution,  when  left  to  evaporate,  dries  up  quickly 
to  a  thin,  transparent,  adhesive  membrane :  it  is  employed  with  great  ad- 
vantage in  surgery  as  an  air-tight  covering  for  wounds  and  bums.  It  is 
also  largely  used  in  photography  (p.  98). 

Olyoogen,  nC^H^fi^^  was  obtained  by  Bernard  from  the  liver  of  seferal 
animals  (calf  or  pig)  by  exhaustion  with  water  and  precipitating  with 
boiling  alcohol.  The  precipitate  is  purified  by  boiling  with  dilute  pot- 
ash, repeatedly  dissolving  in  strong  acetic  acid,  and  precipitating  by 
alcohol.  Glycogen  also  enters  largely  into  the  composition  of  most  of  the 
tissues  of  the  embryo.  The  muscles  of  foetal  calves  of  three  to  seven 
months  have  been  found  to  yield  from  20  to  50  per  cent,  of  it. 

Glycogen  is  a  white,  amorphous,  starch-like  substance,  without  odor  or 
taste,  yielding  an  opalescent  solution  with  water,  but  insoluble  in  alcohol. 
It  does  not  reduce  an  alkaline  solution  of  copper.  This  substance  does  not 
ferment  with  yeast,  but  is  converted  into  glucose  by  boiling  with  dilute  aeida, 
or  by  contact  with  diastase,  pancreatic  juice,  saliva,  or  blood. 


OEGAHIC  ACIDS. 

ORGANIC  ACIDS,  or  carbon  acids,  are  derired,  as  we  have  several 
times  had  occasion  to  obserre,  from  alcohols,  by  the  substitution  of 
oiygen  for  an  equiTalent  quantity  of  hydrogen  (O  for  H,) ;  in  fact  they  are 
often  produced  directly  from  alcohols  by  the  action  of  oxidizing  agents. 
Now  the  formula  of  an  alcohol  is  derived  from  that  of  a  hydrocarbon  by 
Bubstitution  of  one  or  more  equivalents  of  hydrozyl  (OH)  for  an  equal 
number  of  hydrogen-atoms,  the  number  of  such  substitutions  determining 
the  atomicity  of  the  alcohol  (p.  508),  that  is  to  say,  the  number  of  its  hy- 
drogen-atoms that  can  be  replaced  by  a  monatomic  alcohol  radical  or  acid 
radical,  and  in  some  cases  by  an  alkali-metal ;  in  other  words,  the  number 
of  ethers  that  an  alcohol  can  form  with  a  monatomic  alcohol  radical  is  equal 
to  the  number  of  equivalents  of  hydroxyl  contained  in  its  molecules;  thus 
glycerin,  which  is  a  triatomic  molecule,  yields  three  ethylic  ethers : 

CH,OH  CH,OC,Hj  CHjOCjH^  CHjOCjH^ 

CHOH  CHOH  CHOH  CHOCjH^ 

CHjOH  OHjOn  CHjOCjHj  CHjOCJI^ 

Glycerin.       Mono  ethylin.         Diethylin.  Triethylin. 

The  hydrogen  thus  replaceable,  called  typie  hydrogen^  is  that  which  is 
combined  with  the  carbon,  not  directly,  but  only  through  the  medium  of 
oxygen. 

The  number  of  acids  which  any  alcohol  can  yield  is  equal  to  the  number 
of  times  that  the  group  or  radical,  GH^OH,  enters  into  its  molecule ;  and 
the  passage  from  the  alcohol  to  the  acid  consists  in  the  substitution  of  0 
for  H,  in  this  group,  or  in  the  conversion  of  CH.OH  into  the  acid  radical 

CH, 
COOH,  called  ozatyL     Thus  ethyl  alcohol,   I  ,  which  is  monatomic, 

CH»OH 
Cif, 
can  yield  but  one  acid,  namely,  acetic  acid,   I  ;  but  ethene  alcohol  or 

COOH 
glycol,  which  is  diatomic,  yields  two,  viz.,  glycoUio  and  oxalic  acids : 

CHjOH  CHjOH  COOH 

CHjOH  COOH  COOH 

Ethene  GlycoUio  Oxalic 

alcohol.  acid.  acid. 

Farther  observation  shows  that  the  bancity  of  an  organic  acid,  that  is  to 
say  the  number  of  its  hydrogen-atoms  that  can  be  replaced  by  metals  to 
form  salts,  b  equal  to  the  number  of  equivalents  of  oxatyl  contained  in  it, 
or,  in  other  words,  to  the  number  of  hydrogen-molecules  (H,)  that  have 
been  replaced  by  oxygen  (O),  in  the  immediate  neighborhood  of  hydroxyl 
(OH),  to  convert  the  alcohol  into  an  acid.  Thus  from  propene-glycol, 
CiHgO,,  are  derived  the  two  diatomic  acids,  lactic  acid,  CgHsO,,  which  is 
monobasic,  and  malonic  acid,  CglLOf,  which  is  bibasic : 
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CHjOH 

CH,OH 

COOH 

in. 

CH, 

CH, 

CHjOH 

COOH 

COOH 

Propene 

Lactic 

Malonic 

glycoL 

acid. 

acid. 

The  atomicity  of  an  acid  is  the  same  as  that  of  the  alcohol  from  vhich 
it  is  deriTed ;  thus  lactic  acid,  though  it  contains  only  one  atom  of  basic  hy 
drogen,  and  therefore  forms  only  one  class  of  metallic  salts,  represented 
by  the  formula  CgH^O,M,  can  form  two  ethylic  ethers,  tIs.,  ethyl-lactic  acid 
and  diethyl-lactate  or  ethyl-lactate  ;  thus : 


CH,OH 

CH, 

COOH 

Lactic  acid 

(monobasic). 


CH,OC,Hj 

CH, 

COOH 
Ethyl-lactic 
acid  Tmono- 
basic). 


CH,OC,H^ 

CH, 

COOC,H, 
Biethylic 

lactate 
(neutral). 


From  these  considerations  it  appears,  that  monatomic  acids  most  neets- 
sarily  be  monobasic ;  but  diatomic  acids  may  be  either  monobaeie  or 
bibasic ;  triatomic  acids,  either  monobasic,  bibasic,  or  tribasie ;  and  eo  oil 

Many  of  the  most  important  acids  are  deriTed,  in  the  manner  abore  ex- 
plained, from  actually  known  alcohols ;  others,  though  they  have  no  tlco- 
nols  actually  corresponding  to  them,  are  homologous  with  other  acids  de- 
riTcd  from  known  alcohols;  but  there  is  also  a  considerable  number  of 
acids,  especially  those  formed  in  the  vegetable  or  animal  organism,  wbich 
cannot  be  regarded  as  deriTatlTes  of  alcohols  of  any  known  serifs;  but 
the  number  of  these  unclassified  acids  will  doubtless  diminish  as  their  com- 
position and  reactions  become  more  thoroughly  known. 

These  acids  may  also  be  regarded  as  compounds  of  hydroxy  1  with  oxjges- 
ated  radicals  (acid  radicals)  formed  from  the  corresponding  alcohol-radi- 
cals by  substitution  of  O  for  H,,  or  as  deriTod  from  one  or  more  moleeulrs 
of  water  (according  to  their  atomicity),  by  substitution  of  such  radicils 
for  half  the  hydrogen  in  the  water;  e.^., 


Type. 
Water. 


Ethyl  alcohol. 


Acetic  acid. 


H 

Water  (2  mol.)        Propene 

glycol. 


H}0 


lo  H         lO  "i         i 


1 


Lactic  acid.        Malonic  acid. 


In  these  typical  formulss  of  polyatomic  acids,  the  typie  or  alcoholic  bj- 
drogen  (replaceable  only  by  alcoholic  or  acid  radicals),  is  placed,  for  dis- 
tinction, above  the  acid  radical;  and  the  basic  hydrogen,  replaceable eitber 
by  metals  or  alcohol  radicals,  below. 

The  acid  radicals  are  denoted  by  names  ending  in  yl,  formed  from  ihm 
of  the  acids  themseWes ;  thus,  C,H,0,  the  radical  of  acetic  acid,  is  cilled 
acetyl;  C,H/),  is  laefyl;  C,H,0.,  is  maionyl,  &c. 

The  replacement  of  the  hyaroxyl  in  an  acid  by  chlorine,  bromio^  or 
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iodJDC,  giTM  rise  to  kcid  chlorideB,  to. ;  thns  from  soetio  Miid,  C,H,0(OH), 
19  deriied  uetic  cblorids,  C,I],0C1,  &c.  The  replacemeat  of  ihe  lijdrogetl 
wilbJD  the  ndicnl  (radical  liydrogen)  b;  tbe  aame  elemcnU,  or  b;  (lie  nd- 
icsls,  CX,  NOp  NHp  &c.,  gires  rise  la  clilorinated,  bromiDated,  cjanated, 
nilnted,  and  amidated  acids  |see  p.  469).  LkbiIj.  Ihe  replacement  or  the 
tjfpie  bjdrogeo  bj  alcohol- rsdicaU  giies  rise  to  etbereal  salts  or  oompound 
etben;  and  its  reptacement  b?  acid  radicals  yields  acid  oxides  or  anhj- 
dridn  (p.4G9).  The  deriTatives  of  each  acid  will  be  described  in  oooiiea- 
lim  with  the  acid  iUelf. 


These  Mids,  being  derived  from  monatomic  aloohola  by  snbBtitution  of 


0  for  H    necesaaril;  contain 

two  aloma  of  oxygen. 

Each  series 

cftrboDB  yielda  a  series  of  u 

aatoDiic  alcoboU  and 

•eids;  tbus: 

Alcohols. 

Acids. 

C.H,+,0 

C,H-.0, 

CH^O 

C.H^_,0 

CnH__, 

C.H^O 

C,H^,0. 

C.H,^ 

CH^O 

C.H^O. 

The  beat  known  moDalonia  acids  are  those  belonging  to  the  aeries 
CtHaOr  C,Hi_Op  C,Hn_,Op  and  C„Hta-BO,  Of  the  other  seriei  only 
a  few  Urms  have  hiiherto  been  obtained. 

1.  —Add*  belonging  U  Um  seriw  C,Q„0,,  oi  C.nB-iO(OH). 

These  acids  are  called  /aKy  or  adipic  add;  most  of  them  beiQg  of  BD  oily 
eoDBistoDce,  and  the  higher  members  of  the  series  solid  fats.  The  follow- 
ing is  a  list  of  the  bnawn  acids  of  the  series,  together  with  their  melting 
awl  boiling  points. 


CqpiQlc  add     . 
(Epwitbjllc  hM  . 
OiprrUciuM    . 

Ratk  or  Cupiii:  id 

X;ritttc  hcM'   . 


+1=  C.       (MO  ¥.) 
+170  ■'        (W  ■■  ) 

wlow  — S0°  C  (—4"  I.) 

+SOC.       (UOF.) 


HJO  »        HUD  M 
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Tjfpe,  Acid. 


Marsh-gaa  .  .  C 


H 
H 
H 
H 


CJ   0  or  1 

[  OH  0=C-OH 

Water  .  .  ]^  }  O  or  HOH  (C«H^iO)^  ^^^^  (C.H,^0)'OH. 


If  in  either  of  these  formulsd  we  make  n  succeuiTely  equal  to  1,  2,  S,  &e., 
we  get  the  formalas  of  formic,  acetic,  propionic,  &e.  acid;  thus: 

fH  fCH,               fC.H,             fC,H,  fCA 

C  J  O^'  C\  0^^  C  J  0'^  c J  o^^  cJ  c 

(oh  (oh                lOH               (oh  (oh 

Formic.  Acetic.  Propionic.  Butyric.  Valerie. 

The  acid  radicals  CbH|b_i0,  in  the  water-type  formnUe,  may  be  r^arded 
as  compounds  of  carbonylwith  alcohol  radicals,  CbH^_]0  =  C0(CB_4Uy,_i), 
and  accordingly  the  scYoral  acids  may  be  represented  as  follows: 

COHJo  CO(CH.)Jo  CO(C,H.)jo4^ 

Formic.  Acetic.  Propionic. 

All  the  acids  of  the  series  containing  more  than  three  carbon-atoms  admit 
of  isomeric  modifications,  according  to  the  constitution  of  the  alcohol-radi- 
cal which  they  contain:  butyric  acid,  C^H^O,,  for  example,  may  exhibit  the 
following  modifications : 

Normal  butyric  acid.  Isobutyric  acid. 

/  *       ■  -     ^  e  *•  \ 

CH, 

I  H,C  CH, 

CH,CH,CH,  CH,  CH(CH,),  V 

I  or         I  1  or        CH 

0=C— OH  CH,  0=C— OH 


I    "  0=C-OH 

0=C-OH 


But  none  of  these  acids  can  exhibit  modifications  analogous  to  thesecoDd- 
ary  and  tertiary  alcohols :  because  in  them  the  carbon-atom  which  is  asso- 
ciated with  hydroxyl  has  two  of  its  other  units  of  equivalence  satisfied  bj 
an  atom  of  bivalent  oxygen,  and  therefore  cannot  unite  directly  with  more 
than  one  other  atom  of  carbon.  Accordingly,  it  is  found  that  the  second- 
ary and  tertiary  alcohols  are  not  converted  by  oxidation  into  acids  contAin- 
ing  the  same  number  of  carbon-atoms  as  themselves. 

Occurrence,  —  Most  of  the  fatty  acids  are  found  in  the  bodies  of  plints  or 
animals,  some  in  the  free  state:  formic  acid  in  anta  and  nettles:  valeric 
acid  in  valerian  root ;  pelargonic  acid  in  the  essential  oil  of  Pdargomm 
roeeum;  and  cerotio  acid  in  bees*- wax.  Others  occur  as  ethereal  salts  of 
monatomic  or  polyatomic  alcohols:  as  cetyl  palmitate  in  spermaceti;  cerj] 
cerotate  in  Chinese  wax ;  glyceric  butyrate,  palmitate,  stearate,  &o.,  in 
natural  fats. 

Formation.  —  1.  By  oxidation  of  the  primary  alcohols  of  the  methyl  series, 
as  by  exposure  to  the  air  in  contact  with  platinum  blnck.  or  by  heating  with 
aqueous  chromic  acid.  —  2.  By  the  oxidation  of  aldehydes.  In  this  case  an 
atom  of  oxygen  is  simply  added ;  e.  ^.,  C,H^O  (aldehyde)  -f  0  =  CjH^O, 
(acetic  acid). 

8.  By  the  action  of  carbon  dioxide  on  the  potassiam  or  sodium  com] 
of  an  alcohol-radical  of  the  methyl  series ;  thiis, 
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CO, 

Carbon 
dioxide. 


+ 


CH^Na  = 

Sodium 
methide. 


CH, 


i 


OONa 
Sodium 
acetate. 


4.  By  the  action  of  alkalies  or  acids  on  the  cyanides  of  the  alcohol- 
radicals;  CnH,B4-i:  thus, 


and: 


KOH        +        OH, 

Potassium  Water, 

hydrate. 


L     + 

Alcoholic 
cyanide. 

CaH,o+, 

Alcoholic      Hydrochloric 
cyanide.  acid. 


CaH,n+, 

COOK 
Potassium-salt 
of  fatty  acid. 


NH. 

Ammo- 
nia. 


HCl 


+ 


20H, 
Water. 


»         I  +     NH.C1 

COOH 
Potassium      Ammonium 
salt.  chloride. 

In  this  manner  the  cyanide  of  each  alcohol-radical  yields  the  potassium 
salt  of  the  acid  next  higher  in  the  series,  that  is,  containing  one  i^om  of 
carbon  more;  methyl  cyanide,  for  example,  yielding  acetic  acid,'  ethyl 
cyanide,  yielding  propionic  acid,  &o. ;  thus, 

CH,  CH, 

i  +        KOH        +        OH,       =         I    •        +        NH, 
CN  COOK  • 

Methyl  Potassium 

cyanide.  acetate. 

5.  By  the  action  of  water  on  the  corresponding  acid  chlorides;  e,  g., 

C,H,0C1        +        HOH        ==        HCl        +        C,H/)(OH) 
Acetyl  Acetic  acid, 

chloride. 

Now,  these  acid  chlorides  can  be  produced,  in  some  instances  at  least,  by 
the  action  of  carbonyl  chloride  (phosgene  gas)  on  thecorrespondinir  nar- 
affins ;  ♦  thus,  r  e>  ar 

=        HCl        + 


CH,  + 

Methsne. 


Quartane. 


COCl, 
Carbonyl 
chloride. 

COCl, 
Carbonyl 
chloride. 


=i       Ha       + 


C,H,0C1 

Acetyl 

chloride. 

C.H,0C1 
Valeryl 
chloride. 


By  these  combined  reactions,  therefore,  the  paraffins  may  be  converted 
into  the  corresponding  fatty  acids. 

6.  By  the  following  reaction,  the  fatty  acids  may  be  built  up  one  from 
the  other,  starting  from  acetic  acid.f  Ethyl  acetate,  treated  with  sodium, 
gives  up  one  atom  of  radical  hydrogen  in  exchange  for  that  metal: 

2  1  -f        Na,        «        21     "^  +        H, 

COOC,H,  fc00C,H.   ^ 

Ethyl  Monosodio 

*««^*«-  ethyl  acetate. 

•  mmiU-HdmUMkjf,  Ann.  Ch.  Phann.  cxxxtI.  121. 

t  Ft-ankland  and  Du/tpa,  Proceed.  Roy.  Soc.  xiT.  198, 468;  xy.  87, 
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By  acting  on  this  body  with  the  iodide  of  a  radical,  C^H,.^,  ethylie 
ethers  of  the  higher  acids  may  be  produced ;  thus, 


CH,Na  CH.CH, 

I  +        CH,I        =        Nal        +  I 

COOCjH^  COOC,H, 

MonoBodic  Methyl  Ethyl 

ethyl  acetate.  iodide.  propionate. 


If  ethyl  iodide  were  used  instead  of  methyl  iodide,  the  product  would  be 
ethyl  butyrate,  C^H^O^C^H^.  It  has  not  been  found  possible  U)  produce,  bj 
this  reaction,  the  higher  acids  of  the  series  from  formic  acid. 

The  six  modes  of  formation  aboTe  given  are  general,  or  capable  of  being 
made  so.  There  are  also  special  methods  of  producing  particular  acids  of 
the  series,  but  in  most  of  these  cases  the  reactions  cannot  be  distinetly 
traced ;  thus  formic,  acetic,  propionic,  butyric,  and  valeric  acids  are  pro- 
duced by  the  oxidation  of  albumin,  fibrin,  casein,  gelatin,  and  other  similar 
substances:  propionic  and  butyric  acids  in  certain  kinds  of  fermentation; 
acetic  acid  by  the  destructive  distillation  of  wood  and  other  vegetable 
substances. 

Properties.  —  Most  of  the  fatty  acids  are,  at  ordinary  temperatures,  trans- 
parent and  colorless  liquids ;  formic  and  acetic  acids  are  watery ;  propionic 
acid  and  the  higher  acids,  up  to  pelargonie  acid,  are  oily ;  rutic  acid  and 
those  above  it  are  solid  at  ordinary  temperatures,  most  of  them  being  crji- 
talline  fats ;  cerotio  and  melissic  acids  are  of  waxy  consistence.  Bj  in- 
specting the  table  on  page  597,  it  will  be  seen  that  the  boiling  points  of 
these  acids  difiiier,  for  the  most  part,  by  24°  C.  M3°  F. )  for  each  addition  of 
CH,.  There  are,  however,  a  few  exceptions  to  tnis  rule,  some  of  whick  may 
arise  from  the  existence  of  isomeric  modifications.  The  boiling  points  of 
formic  and  acetic  acids,  however,  which  cannot  exhibit  any  such  modifi- 
cations, diflFer  by  only  17°  C.  (80°  F.). 

Reacdoru,  —  I.  When  the  fatty  acids  are  submitted  to  the  action  of  m»- 
eent  oxygen  evolved  by  electrolysis,  the  oxatyl  fCOOH)  contiiined  in  them, 
is  resolved  into  water  and  carbon  dioxide,  ana  the  alcohol  radical  ia  eet 
free;  thus, 

2  1  +        0        =        OH,        -f        2C0,        -f         I 

COOH  C,H, 

Valeric  acid.  DiquartyL 

2.  When  the  ammonium  salt  of  either  of  these  acids  is  heated  withfAM- 
phorie  ozide,  it  gives  up  water  and  is  converted  into  the  cyanide  of  the 
alcohol-radical  next  below  it,  e.  ^., 

CH,  CH, 

I  -  20H,  =  I 

COONH^  ON 

Ammonium  Methyl 

acetate.  cyanide. 

This  reaction  is  the  converse  of  the  fourth  mode  of  formation  aboTe 
given. 

8.  By  distilling  the  potassium  salt  of  a  fatty  acid  with  an  equiyalent 
quantity  of  potoMtum  formate,  the  corresponding  aldehyde  is  obtained: 

COCHaJQ       ^       ^^k}^    =    CO(CH.)H     -f    CO^K,; 

Potassium  Potassiuni  Aldehyde.  Potassium 

acetate.  formate.  carbonate. 
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and  the  Aldehyde,  treated  with  nascent  hydrogen,  is  oonrerted  into  a  pri- 
mary alcohol : 

CH,  CH, 

I  +  H,  =  I 

COH  CH,OH 

Aldehyde.  AlcohoL 

4.  By  sabjecting  the  barium  or  calcium  salt  of  a  fatty  acid  to  dry  distil- 
lation, a  similar  decomposition  takes  place,  resulting  in  the  formation  of  a 
ketone  .* 

(COCHj),Jq^      =      CO(CH,),       +       CO,Ca"; 

Calcium  Acetone.  Calcium 

acetate.  carbonate. 

and  the  ketone,  treated  with  nascent  hydrogen,  yields  a  secondary  alcohol : 

CHg  H,C  CH, 

I  +  H,  =  V 

COCH,  CHOH 

Acetone.  Secondary 

propyl  alcohol. 

By  these  reactions,  the  fatty  acids  may  be  conTcrted  into  alcohols. 

5.  The  fatty  acids,  heated  with  aUohoU  in  sealed  tubes,  yield  compound 
ethers,  or  eUureal  mIu,  water  being  eliminated : 

C4HtO(OH)    +     HOCjHg    ==    OH,    +    C^H^OfOCjHJ 
Butyric  Ethyl  Ethyl 

acid.  alcohol.  butyrate. 

The  oonTcrsion,  howeyer,  is  never  complete,  a  portion,  both  of  the  acid 
and  of  the  alcohol,  remaining  unaltered  in  whatever  proportion  they  may 
be  mixed. 

The  ethereal  salts  of  the  fatty  acids  are,  for  the  most  part,  more  easily 
obtained  by  acting  upon  the  alcohol  with  an  acid  chloride,  or  by  passing 
Itydroehloric  acid  gas  into  a  solution  of  the  fatty  acid  in  the  alcohol : 

C^H^OCl    +    HOC,H,    =    HCl    +    C^HyO(OC,nj 
Butyric  Ethyl  Ethyl 

chloride.  alcohoL  butyrate. 

Another  method  very  commonly  adopted  is,  to  distil  a  potassium  salt  of  the 
fatty  acid  with  a  mixture  of  the  alcohol  and  strong  sulphuric  acid.  In 
this  case  an  acid  sulphuric  ether  is  first  formed  (as  ethyl-sulphuric  acid 
from  ethyl  alcohol,  p.  527),  and  this  acts  upon  the  salt  of  the  fatty  acid  in 
the  manner  illustrated  by  the  equation : 

S0,(OH)(0C,H^)   +   C^H^OCOK)   =   C^H^O(OC,Hft)  +  SOj;OH)(OK) 
Etbyl-sulphuric  Potassium  Ethyl  Acid  potassium 

acid.  butyrate.  butyrate.  sulphate. 

The  ethereal  salts  of  the  fatty  acids  are  either  volatile,  oily,  or  syrupy 
liqaids,  or  crystalline  solids,  for  the  most  part  insoluble  in  water,  but  sol- 
tible  in  alcohol  and  in  ether.  When  distilled  with  potash  or  soda,  they  take 
^p  water  and  are  saponified,  that  is  to  say  resolved  into  the  alcohol  and 
wid;  e.  ^., 

C^H^rOCjH,)  +    HOH    =    C4HtO(OH)  +    C,H.(OH) 
Ethyl                 Water.              Butyric  Ethyl 

butyrate.  acid.  alcohol. 
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6.  The  fatty  acids  are  strongly  acted  npon  by  the  dUoruIet, 
ozychloridea,  a^d  ozybromidet  of  pKosphonu^  yielding  add  eklorHtB  and  br^- 
mules,  the  phosphorus  being  at  the  same  time  converted  into  phosphorous 
or  phosphoric  acid ;  thus, 

8C,H,0(0H)        +        PCI,        s        PO,H,        +        80^^ 
Acetic  acid.  Phosphorus  Phosphorus  Aceiie 

trichloride.  acid.  chloride. 

8C,HgO(OH)        +        PCljO       IS       PO4H,        4-        8C,H,0a 
Acetic  acid.  Phosphorus        Phosphoric  Acetic 

oxybromide.  acid.  chloride: 

C,H,0(OH)      +      PC1»      =       PCljO     -f      HCl    +    C,H/)Cl 
Acetic  acio.        Phosphorus     Phosphoric        Hydro-  Aceiie 

pentachloride.  oxychloride.  chloric  acid,    chloride. 

These  acid  chlorides  are,  for  the  most  part,  oily  liquids,  ha^g  a  pim- 
gent  acid  odor ;  they  are  easily  decomposed  by  water,  yielding  the  fatty 
acid  and  hydrochloric  acid.  This  decomposition  takes  place  also  vhea 
they  are  exposed  to  the  air :  hence  they  emit  dense  acid  fumes.  They 
react  in  an  exactly  similar  manner  with  alcohols,  as  above  mentioned, 
yielding  hydrochloric  acid  and  a  compound  ether. 

7.  The  chlorides  of  the  acid  radicals,  C^  Hsb~|0,  act  yiolently  on  ammonii, 
forming  ammonium  chloride,  and  the  amide  corresponding  to  the  acid  frojs 
which  they  are  deriyed ;  e.  y., 

C,H,Oa      +      2NH,      =s      NH4CI      +      NH,(C,H.O) 
Acetic  Ammonia.       Ammonium  Acetamide. 

chloride.  chloride. 

8.  The  acid  chlorides,  distilled  with  a  metallic  salt  of  the  corresponding 
acid,  yield  a  metalUc  chloride  and  the  <fxide  or  onAydHde  corresponding  to 
the  acid :  thus. 


C,H,0C1 
Acetic 

+ 

C,H.O(OK) 

=      KCl 

+ 

(C.H,0).0 
Acetic 

Potassium 

chloride. 

acetate. 

oxide. 

In  like  manner,  when  distilled  with  the  potassium  salt  of  another  mon- 
atomic  acid,  they  yield  oxides  or  anhydrides  containing  two  monatomie  scid 
radicals ;  «.  ^., 

C,H,0C1      +      C»H,0(OK)      =      KCl      +       c'h'o}^ 

Acetic  Potassium  Aceto-ben- 

ohloride.  benioate.  soic  oxide. 

The  oxides  of  the  fatty  acid  radicals  may  also  be  prepared  by  heating  ft 
dry  lead-salt  of  the  acid,  in  a  sealed  tube,  with  carbon  bisulphide ;  e.  gn 

Lead  acetate.  Acetic 

oxide. 

The  oxides  of  the  fatty  acid  radicals  are  gradually  decomposed  by  vtter, 
quickly  when  heated,  yielding  two  molecules  of  the  corresponding  acid: 

(C,H,0),0        -I-        OH,        =        2C,H,0(0H) 

Those  containing  two  acid  radicals  yield  one  molecule  of  each  of  the 
corresponding  acids. 
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Ib  eoatMt  with  alcoholic  oxidct  {<9xygen  etkert),  the  ftcid  oxides  are  oon- 
Terted  into  etliereal  salta: 

(C,H,0),0        +        (C,H,)aO        =        2C,H,0(0C,H,) 
Aoetio  oxide.  Ethyl  oxide.  Ethyl  acetate. 

With  alcohols,  in  like  maimer,  they  yield  a  mixture  of  a  compound  ether 
with  tlie  aoid : 

(C,H,0),0    +    C,H,(OH)    =    C,HgO(OC,H,)     +    C,H,0(Om 
Acetio  oxide.       Ethyl  alcohoL        Ethyl  acetate.  Acetic  acioL 

The  ftcid  oxides  are  decomposed  by  ammonia  pat^  yielding  a  mixture  of 
an  ammoaium-salt  with  an  amide  : 

(C,H,0),0    +    2NH,    ==    C,H,0(ONHJ     +    NH,C,H,0 
Acetic  Ammonia.        Ammonium  Acetamide. 

oxide.  acetate. 

9.  The  fatty  acids,  sabjeoted  to  the  action  of  chlorine  or  brommCf  giTO  off 
hydrochloric  or  hydrobromio  aoid,  and  are  conTcrted  into  subiititution-oom- 
pounds  containing  one  or  more  atoms  of  chlorine  or  bromine  in  place  of 
hydrogen ;  but  it  is  only  the  hydrogen  within  the  radical  that  can  be  thus 
exchanged,  the  typic  hydrogen  remaining  unaltered,  so  that  the  number 
of  chlorine  or  bromine-atoms  introduced  in  place  of  hydrogen  is  always 
leas  by  at  least  one  than  the  number  of  hydrogen-atoms  in  the  acid : 

C,HgO(OH)      +      CI,     =      Ha      -f      C.H,C10(0H) 
Acetic  acid.  Chloracetic  acid. 

C,H,0(OH)      +      8C1,    =      8HC1    +  C,C1,0(0H) 

Acetio  acid.  Trichloracetic 

acid. 

The  iodated  adds  of  the  same  series  (or  rather  their  ethereal  salts)  are 
obtained  by  heating  the  corresponding  bromine-compounds  with  potassium 
iodide: 

C,H,BrO(OC,H.)     +    KI    =     KBr    +    C.H.TO(OC,H,) ; 
Ethyl-brom-  Etnyl-iodacetate. 

acetate. 

and  the  ethers  treated  with  potash  yield  potassium  salts  of  the  iodated 
acids,  from  which  the  acids  may  be  obtained  by  decomposition  with  sulphu- 
ric acid. 

The  chlorinated  and  brominated  fatty  acids,  boiled  with  water  and  eilver 
oxide,  exchange  the  whole  of  their  chlorine  or  bromine  for  an  equivalent 
quantity  of  hydroxyl,  producing  new  acids,  which  differ  from  the  primi- 
tive acids  by  a  number  of  atoms  of  oxygen  eqaal  to  the  number  of  atoms 
of  chlorine  or  bromine  present ;  e.  ff., 

2C,HgBrO,    +    Ag,0    -f    H,0    =    2AgBr    -f    2C,H^0, 
Bromacetio  Glycollio 

aoid.  acid. 

C,H,Br,0,    +    Ag,0    +    H,0    +    2AgBr    +    C.HgO,, 
Dibromo-  Dioxy-bu- 

butyric  acid.  tyric  acid, 

Dichloracetic  and  trichloracetic  acid  are  not  sufficiently  stable  to  exhibit 
this  transformation,  their  molecules  splitting  up  altogether  when  boiled 
with  siWer  oxide. 

The  monochlorinated  and  monobrominated  acids,  subjected  to  the  action 
of  an  alcoholic  solution  of  ammonia  gat,  yield  ammonium  chloride  and  a  new 
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acid,  in  which  the  chlorine  or  bromine  is  replaced  by  amidogea.  Thus 
monochloracetic  acid  yields  amidacetic  add,  or  glyeodne : 

Chloraoetio  Amidacetio 

acid.  acid. 

There  is  another  way  of  viewing  these  amidated  acids  whioh  will  be  con- 
sidered hereafter. 

fH         H 
7ormic  Acid,  GH,Or=CHO(OH)aBC-^  0^^  =  I         .—This  acid  oeeon  in 

I  OH       COOH 

the  concentrated  state  in  the  bodies  of  ants,  in  the  hairs  and  other  parts 
of  certain  caterpillars,  and  in  stinging  nettles.  It  may  be  produced  bj  tke 
first,  second,  and  fourth  of  the  aboTC^mentioned  general  methods  of  form- 
ing the  fatty  acids — yix.,  by  the  slow  oxidation  of  methyl  alcohol,  or  of 
formic  aldehyde,  in  contact  with  platinum  black,  and  as  a  potassium  salt 
by  heating  hydrocyanic  acid  (hydrogen  cyanide)  with  an  alcoholic  solutioB 
of  potash : 

HCN    +    KOH    +    OH,    s    NH,    +    CHO(OK) 
Hydrogen  Potassium 

cyanide.  formate. 

It  is  also  prodnced  by  certain  special  reactions — yis :  a.  By  passing  car- 
bon monoxide  over  moist  potassium  hydrate,  the  gas  being  thereby  ab- 
sorbed, and  producing  potassium  formate : 

CO        +        HOK        =        COH(OK) 

The  absorption  of  the  gas  is  accelerated  by  the  presence  of  a  considersble 
quantity  of  water,  and  still  more  by  alcohol  or  ether. 

jl9.  By  distilling  dry  oxalic  acid  mixed  with  sand  or  pumice-stone,  or 
better  with  glycerin: 

C,H.04        =        CO,        +        CH,0, 

Oxalic  Carbon  Formic 

acid.  dioxide.  acid. 

The  distillation  of  oxalic  acid  with  glycerine  is  a  very  advantsgeoas 
mode  of  preparing  formic  acid.  The  glycerine  takes  no  part  in  the  decom- 
position, but  appears  to  act  by  preventing  the  temperature  from  rising  too 
high :  when  oxalic  acid  is  distilled  alone  or  with  sand,  the  greater  part  of 
the  formic  acid  produced  is  resolved  into  water  and  carbon  monoxide. 

y.  By  passing  carbon  dioxide  and  water-vapor  over  potassium  at  a  mod- 
erate heat,  acid  potassium  carbonate  being  formed  at  the  same  time : 

K,    +    2C0,    -f    OH,    =    CO.KH    -f    CHO,K 

Acid  car-        Formate, 
bonate. 

i.  By  the  oxidation  of  sugar,  starch,  gum,  and  organic  substances  in 
general.  A  convenient  mode  of  preparation  is  the  following:  1  part  of 
sugar,  8  parts  of  manganese  dioxide,  and  2  parts  of  water,  are  mixed  in  a 
very  capacious  retort,  or  large  metal  still ;  3  parts  of  oil  of  vitriol,  diluted 
with  an  equal  weight  of  water,  are  then  added,  and  when  the  first  violent 
eflfervescence  from  the  disengagement  of  carbon  dioxide  has  subsided,  heat 
is  cautiously  applied,  and  a  considerable  quantity  of  liquid  distilled  over. 
This  is  very  impure:  it  contains  a  volatile  oily  matter,  and  some  substance 
which  communicates  a  pungency  not  proper  to  formic  acid  in  that  dilute 
state.     The  acid  liquid  is  neutralized  with  sodium  carbonate,  and  the  re- 
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suiting  formate  purified  by  cryBtallixation,  and,  if  needful,  by  animal  char- 
coal. From  this,  or  any  other  of  its  salts,  solution  of  formic  acid  may  be 
readily  obtained  by  distillation  with  dilute  sulphuric  acid. 

To  obtain  the  acid  in  its  most  concentrated  state,  the  dilute  acid  is  satu- 
rated with  lead  oxide,  the  liquid  is  evaporated  to  complete  dryness,  and 
Che  dried  lead  formate,  reduced  to  fine  powder,  is  very  gently  heated  in  a 
glass  tube  connected  with  a  condensing  apparatus,  through  which  a  cur- 
rent of  dry  sulphuretted  hydrogen  gas  is  transmitted.  It  forms  a  clear, 
colorless  liquid,  which  fumes  slightly  in  the  air,  has  an  exceedingly  pene- 
trating odor,  boils  at  98*8°  C.  (210°  F.),  and  crystallizes  in  large  brilliant 
plites  when  cooled  below  0°,  The  specific  gravity  of  the  acid  is  1*285;  it 
mixes  with  water  in  all  proportions:  the  vapor  is  inflammable,  and  burns 
wirh  a  blue  flame.  Concentrated  formic  acid  is  extremely  corrosive,  at- 
tacking the  skin,  and  forming  a  blister  or  an  ulcer,  painful  and  difficult  to 
heal. 

Formic  acid  mixes  with  water  in  all  proportions.  The  aqueous  acid  has 
an  odor  and  taste  much  resembling  those  of  acetic  acid:  it  reddens  litmus 
strongly,  and  decomposes  alkaline  carbonates  with  eff'crvescence.  Formic 
acid  likewise  dissolves  readily  in  alcohol,  being  partly  converted  into  ethyl 
formate. 

Formic  acid  is  a  powerful  reducing  agent.  It  may  be  readily  distin- 
guished from  acetic  acid  by  heating  it  with  solution  of  silver  nitrate;  the 
metal  is  thus  reduced,  sometimes  in  the  pulverulent  state,  sometimes  as  a 
specular  coating  on  the  glass  tube,  and  carbon  dioxide  is  evolved.  Mer- 
curic chloride  \»  reduced  by  formic  acid  to  calomel.  Formic  acid  heated 
with  oil  of  vitriol  splits  up  into  water  and  carbon  monoxide,  CH,0]=OH| 
-hCO. 

Chlorine  converts  it  into  hydrochloric  acid  and  carbon  dioxide: 

CiljOg        +        CI,        =        2HCI        +        CO, 

Formic  acid  heated  with  strong  hcues  is  converted  into  oxalic  acid,  with 
disengagement  of  hydrogen: 

2CH,0,    4-     BaO    =    CjBaO^    -f     H,    +    OH,. 
Formic  Baryta.         Barium 

acid.  oxalate. 

Formates, — The  composition  of  these  salts  is  expressed  by  the  formulsB, 
CHOjM,  (CHO,),M'^  (CHO,),M^''^  &c.,  according  to  the  equivalent  value 
of  the  metal  or  other  positive  radical  contained  in  them.  They  are  all 
soluble  in  water:  their  solutions  form  dark-red  mixtures  with  ferric  salts. 
When  distilled  with  strong  sulphuric  acid  they  give  off  acid  carbon  monox- 
ide, and  leave  a  residue  of  sulphate.  The  formates  of  the  alkali-metals 
heated  with  the  corresponding  salts  of  other  fatty  acids,  yield  a  carbonate 
and  an  aldehyde  (p.  600). 

Sodium  formate  crystallizes  in  rhombic  prisms  containing  CHO,Na.  Aq.  It 
reduces  many  metallic  oxides  when  fused  with  them.  Potaatium  formate^ 
CHOjR,  is  difficult  to  crystallize,  on  account  of  its  great  solubility.  Ammo- 
mam  formate  crystallizes  in  square  prisms:  it  is  very  soluble,  and  is  decom- 
posed at  high  temperatures  into  hydrocyanic  acid  and  water,  the  elements 
of  which  it  contains:  CHO,NH4=2011,-fCNH.  The  formates  of  barium, 
s'rontium,  calcium,  and  magnesium  form  small  prismatic,  easily  soluble 
crystals.  Lead  formate  crystallizes  in  small,  diverging,  colorless  needles, 
which  require  for  solution  40  parts  of  cold  water.  The  manganove,  ferroua, 
zinCy  nickel,  and  cobalt  formate*  are  also  crystallizable.  Cuprie  formate  is  very 
b'^nutiful,  constituting  bright-blue  rhombic  prisms  of  considerable  magni- 
tirle.  SilvfT  formate  is  white,  but  slightly  soluble,  and  decomposed  by  the 
least  elevation  of  temperature. 
61  ♦ 
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Methyl  formaU^  GHO^CR,,  isomeric  with  acetic  acid,  is  prepared  by  beat^ 
ing  in  a  retort  equal  weights  of  neutral  methyl  sulphate  and  sodium  for- 
mate. It  is  a  very  Tolatile  liquid,  lighter  than  water,  boiling  between 
86«  and  88*». 

Ethyl  formate^  CHOjCgHM  isomeric  with  methyl  acetate  and  propionic  idd 
(p.  475),  is  prepared  by  distilling  a  mixture  of  7  parts  of  dry  sodium  for- 
mate, 10  of  oil  of  vitriol,  and  6  of  strong  alcohol.  The  formic  ether, 
separated  by  the  addition  of  water  to  the  distilled  product,  is  agitated  with 
a  little  magnesia,  and  left  for  several  days  in  contact  with  calcium  chloride 
Ethyl  formate  is  colorless,  has  an  aromatic  odor,  a  density  of  0*915,  and 
boils  at  56°  C.  {X^Z"^  F.).     Water  dissolves  it  to  a  small  extent. 

{CH,       CH, 
C   =r    I  .- 

OH  COOH 
This  acid  is  found  in  small  quantities  in  the  juices  of  plants  and  in  animtl 
fluids.  It  may  be  produced  by  either  of  the  first  five  general  methods  of 
formation  given  on  pages  598,  599,  and  in  particular  by  the  slow  oxidation 
of  alcohol.  When  spirit  of  wine  is  dropped  upon  platinum  black,  the 
oxygen  condensed  in  the  pores  of  the  latter  reacts  so  powerfully  upon  tfaa 
alcohol  as  to  cause  its  instant  inflammation.  When  the  spirit  is  mixed  villi 
a  little  water,  and  slowly  dropped  upon  the  finely  divided  metal,  oxidation 
still  takes  place,  but  with  less  energy,  and  vapor  of  acetic  acid  is  abus- 
dantly  evolved.  In  all  these  modes  of  formation,  the  acetic  acid  is  ultimately 
producible  from  inorganic  materials.  It  is  also  formed  by  the  action  of 
nascent  hydrogen  on  trichloracetic  acid,  which  may  itself  be  produced  from 
inorganic  materials.  Lastly,  acetic  acid  is  obt-ained,  together  with  maoj 
other  products,  in  the  destructive  distillation  of  wood  and  other  vegetable 
substances. 

Preparation.  —  1 .  Dilute  alcohol,  mixed  with  a  little  yeast,  or  almost  tnj 
azotized  organic  matter  susceptible  of  putrefaction,  and  exposed  to  the  air, 
speedily  becomes  oxidized  to  acetic  acid.  Acetic  acid  is  thus  mannfaetorcd 
in  Germany,  by  sufl^ering  such  a  mixture  to  flow  over  wood-shavings  steeped 
in  a  little  vinegar,  contained  in  a  large  cylindrical  vessel  through  whieh  a 
current  of  air  is  made  to  pass.  The  greatly  extended  surface  of  the  liquid 
expedites  the  change,  which  is  completed  in  a  few  hours.  No  carbonic  acid 
is  produced  in  this  reaction. 

The  best  vinegar  is  made  from  wine  by  spontaneous  acidification  in  a 
partially  filled  cask  to  which  the  air  has  access.  Vinegar  is  first  introdoecd 
into  the  empty  vessel,  and  a  quantity  of  wine  added ;  after  some  day&,  a 
second  portion  of  wine  is  poured  in,  and  after  similar  intervals,  a  third  and 
a  fourth.  When  the  whole  has  become  vinegar,  a  quantity  is  drawn  off 
equal  to  that  of  the  wine  employed,  and  the  process  is  recommenced.  The 
temperature  of  the  building  is  kept  up  to  80°  C.  (86°  F.V  Such  is  the  plan 
adopted  at  Orleans.*  In  England,  vinegar  is  prepared  from  a  kind  of  beer 
made  for  the  purpose.  The  liquor  is  exposed  to  the  air  in  half  empty 
casks,  loosely  stopped,  until  acidification  is  complete.  Frequently  a  little 
sulphuric  acid  is  afterwards  added,  with  the  view  of  checking  further 
decomposition,  or  mothering^  by  which  the  product  would  be  spoiled. 

When  dry,  hard  wood,  as  oak  and  beech,  is  subjected  to  destructive  dis- 
tillation at  a  red  heat,  acetic  acid  is  found  among  the  liquid  condensable 
products  of  the  operation.  The  distillation  is  conducted  in  an  iron  cylinder 
of  large  dimensions,  to  which  a  worm  or  condenser  is  att-ached ;  a  soar 
watery  liquid,  a  quantity  of  tar,  and  much  inflammable  gas  pass  orer, 
while  charcoal  of  excellent  quality  remains  in  the  retort.  The  acid  liquid 
is  subjected  to  distillation,  the  first  portion  being  collected  apart  for  the 

*  Durntu,  Chiini«  applique  aax  Arts,  rl.  587. 
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preparation  of  wood-spirit.  The  remainder  is  saturated  with  lime,  concen- 
trated bj  CTaporation,  and  mixed  with  the  solution  of  sodium  sulphate; 
calcium  sulphate  is  thereby  precipitated,  while  the  acetic  acid  is  transferred 
to  the  soda.  The  filtered  solution  is  eraporated  to  its  crystallizing  point ; 
and  the  crystals  are  drained  as  much  as  possible  from  the  dark,  tarry 
mother-liquor,  and  deprired  by  heat  of  their  combined  water.  The  dry  salt 
is  then  cautiously  fused,  by  which  the  last  portions  of  tar  are  decomposed 
or  expelled :  it  is  then  re-dissolved  in  water,  and  re-crystallized.  Pure 
sodium  acetate,  thus  obtained,  readily  yields  acetic  acid  by  distillation  with 
sulphuric  acid. 

The  strongest  acetic  acid  is  prepared  by  distilling  finely  powdered  anhy- 
drous sodium  acetate  with  three  times  its  weight  of  concentrated  oil  of 
vitriol.  The  liquid  is  purified  by  rectification  from  sodium  sulphate  acci- 
dentally thrown  up,  and  exposed  to  a  low  temperature.  Crystals  of  pure 
acetic  acid,  C^H^O,,  then  form  in  large  quantity :  they  may  be  drained  from 
the  weaker  fluid  portion,  and  suffered  to  melt.  Below  15*5°  C.  (60°  F.) 
this  substance,  often  called  glacial  acetic  acid,  forms  large,  colorless,  trans- 
parent crystals,  which  above  that  temperature  fuse  to  a  thin,  colorless 
liquid,  of  exceedingly  pungent  and  well-known  odor:  it  raises  blisters  on 
the  skin.  It  is  miscible  in  all  proportions  with  water,  alcohol,  and  ether, 
and  dissolves  camphor  and  several  resins.  When  diluted  it  has  a  pleasant 
acid  taste.  Glacial  acetic  acid  in  the  liquid  state  has  a  density  of  1-063, 
and  boils  at  120°  C.  (248°  F.).  Its  yapor  is  inflammable,  and  exhibits  the 
variations  of  density  noticed  at  page  461.  At  800°  C.  (572°  F.),  or  above, 
it  is  2*08  compared  with  ait,  or  80°  compared  with  hydrogen,  agreeing  ex- 
actly with  the  theoretical  density,  which  is  half  the  molecular  weight ;  but 
at  temperatures  near  the  boiling  point  it  is  considerably  greater,  being  2*90 
at  140°  C.  (284°  F.),  and  8-20  at  125°  C.  (257°  F.)  Preferred  to  air). 

Dilute  acetic  acid,  or  distilled  vinegar,  used  in  pnarmacy,  should  always 
he  carefully  examined  for  copper  and  lead ;  these  impurities  are  contracted 
from  the  metallic  vessel  or  condenser  sometimes  employed  in  the  process. 
The  strength  of  any  sample  of  acetic  acid  cannot  be  safely  inferred  from 
its  density,  but  it  is  easily  determined  by  observing  the  quantity  of  dry 
sodium  carbonate  necessary  to  saturate  a  known  weight  of  the  liquid. 

Acetic  acid  exhibits  all  the  reactions  of  the  fatty  acids  in  general  (pp. 
601-604).  The  acid  itself  does  not  readily  conduct  the  electric  current, 
but  a  solution  of  potassium  acetate  is  decomposed  by  electrolysis,  with  for- 
mation of  dimethyl  or  ethane : 

CHg 
2  1  -f    OH,    =     C,H,    +    H,    -f    CO,    -f    CO(OK), 

COOK 
Potassium  Ethane.  Potassium 

acetate.  carbonate. 

Acetic  acid  is  not  attacked  by  nitric  acid,  but  periodic  acid  converts  it  by 
oxidation  into  formic  acid  and  carbon  dioxide,  being  itself  reduced  to 
iodic  acid  or  even  to  free  iodine : 


c,n^o,  -f   0,  =  cH,o,  -f  CO,  -f   on 


r 


Potassium  acetate  distilled  with  arsenious  oxide  gives  off  a  highly  inflam- 
mable and  characteristically  fetid  oil,  consisting  chiefly  of  arsendimethyl 
or  cacoiJyl,  As,(CH,)4. 

Acetates. — Acetic  acid  forms  a  large  number  of  highly  important  salts, 
represented  by  the  formulae,  C,H,0,M,  (C,H,OJ,M''',  or  Ic^^h^^)^^^'^^.  ac- 
cording to  the  equivalent  valae  of  the  metals  contained  in  tliem.  Bcin{r  a 
monobasic  acid,  it  cannot  form  any  acid  salts  properly  so  called,  that  is  b/ 
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replacement  of  a  part  of  its  tjrpic  hydrogen  (p.  282);  bat  the  normal 
acetates  of  the  alkali-aietals  can  take  up  a  molecule  of  acetic  acid,  just  as 
thej  take  up  water  of  crystallization,  forming  salts  called  arid  acefata  or 
diaeetaUt^  C^H.O^M  .  C,H^O,.  There  are  also  basic  acet«tes  formed  bj  the 
union  of  a  molecule  of  a  normal  acetate  with  a  molecule  of  metallic  oxide 
or  hydrate. 

Potassium  Acetates. — The  normal  tali,  CjHjO-K,  crystalUieF  with  great 
difficulty :  it  is  generally  met  with  as  a  foliated,  white,  crystalline-  ma?^. 
obtained  by  neutralizing  potassium  carbonate  with  acetic  acid,  evaporatibg 
to  dryness,  and  heating  the  salt  to  fusion.  It  is  extremely  deliquescent, 
and  soluble  in  water  and  alcohol:  the  solution  is  usually  alkaline  from  a 
little  loss  of  acid  by  the  heat  to  which  it  has  been  subjected.  From  the 
alcoholic  solution,  potassium  carbonate  is  thrown  down  by  a  stream  of  car- 
bon dioxide. 

The  acid  salt,  C,HjO,K .  CjH^O,.  is  formed  by  evaporating  a  solution  of 
the  neutral  salt  in  excess  of  acetic  acid,  and  crystallizes  by  slow  evapora- 
tion in  long  flattened  prisms.  It  is  very  deliquescent,  and  decomposes  at 
200°,  giving  off  crystallizable  acetic  acid. 

Sodium  Acetate,  C,HjO,Na  .  3  Aq. — The  mode  of  preparation  of  this  alt 
on  the  large  scale  has  been  already  described  :  it  forms  large,  transparent, 
colorless  crystals,  derived  from  a  rhombic  prism,  which  are  easilj  ren- 
dered anhydrous  by  heat,  effloresce  in  dry  air,  and  dissolve  in  8  parts  of 
cold,  and  in  an  equal  weight  of  hot  water :  it  is  also  soluble  in  alcoliul 
Tlie  taste  of  this  salt  is  cooling  and  saline.  The  dry  salt  melt^  at  288^  C. 
(560°  ^.),  and  begins  to  decompose  at  316°  C.  (600°  F.). 

Ammonium  Acetates. — The  neutral  acetate,  CjH.OjNH^,  is  a  white  odor- 
less salt  obtained  by  saturating  glacial  acetic  acid  with  dry  ammonia  gas. 
It  is  very  difficult  to  obtain  in  the  crystalline  form,  for  its  aqueous  solution, 
when  evaporated,  gives  off  ammonia  and  leaves  the  acid  salt.  When  dis- 
tilled with  phosphoric  oxide,  it  loses  2  molecules  of  water,  and  gives  off 
ethcriyl  nitrile  or  acetonitrile.  (C,H,)'^''N  =  CgHjO^NH  —  20H,  The 
aqueous  solution,  known  in  the  Pharmacopoeia  as  Spiritus  Afmdereri,  is  pre- 
pared by  saturating  aqueous  acetic  acid  with  ammonia  or  aiumonium  car- 
bonate. 

The  acid  salt,  CjHjO^NH^.  C,H^Oj,  is  obtained  as  a  crystalline  sublimate 
by  heating  powdered  sal-ammoniac  with  potassium  or  calcium  acetate, 
ammonia  being  given  off  at  the  sam'e  time;  also  as  a  radiated  crystalline 
mass  by  evaporating  the  aqueous  solution  of  the  neutral  salt. 

The  acetates  of  bariunty  strontium,  and  calcium  are  very  soluble,  and  can 
be  procured  in  crystals ;  magnesium  acetate  crystallizes  with  difficulty. 

Alumintitm  Acetates. — This  salt  is  very  soluble  in  water,  and  dries  up 
in  the  vacuum  of  the  air-pump  to  a  gummy  mass  without  trace  of  crystal- 
lization. If  foreign  salts  are  present,  the  solution  of  the  acetate  becomes 
turbid  on  heating,  from  the  separation  of  a  basic  compound,  which  redis- 
solves  as  the  liquid  cools.  Aluminum  acetate  is  much  employed  in  calico 
printing:  it  is  prepared  by  mixing  solutions  of  lead  acetate  and  alum,  ami 
filtering  from  the  insoluble  lead  sulphate.  The  liquid  is  thickened  with 
gum  or  other  suitable  material,  and  with  it  the  design  is  impressed  upon 
the  cloth  by  a  wood-block,  or  by  other  means.  Exposure  to  a  moderate 
degree  of  heat  drives  off  the  acetic  acid,  and  leaves  the  alumina  in  a  state 
capable  of  entering  into  combination  with  the  dye-stuff. 

Some  very  interest  ins  researches  on  aluminum  acetate  have  been  pub- 
lished by  the  late  Mr.  Walter  Crum.*     The  solution  obtained  by  decompos- 
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ing  alaminum  sulphate,  (S04)gAl2,  with  lead  acetate,  may  be  supposed  to 
eoDtain  neutral  aluminium  acetate,  (CsHjO,)^^!^^^.  This  salt  cannot,  how- 
ever, be  obtained  in  the  dry  state.  If  the  solution  be  rapidly  CTaporated 
at  low  temperatures,  by  being  spread  in  thin  layers  on  glass  or  porcelain, 
a  basic  toluble  acetate  is  obtained,  haying  the  composition  ^{CJdJd^^W^^, 
A1,0, .  6  aq. ;  but  if  the  solution  be  left  to  stand,  or  submitted  to  the  action 
of  heat,  nuolubU  basic  salts  are  precipitated,  differing  in  composition  from 
the  former  only  by  containing  3  or  8|  molecules  of  water  instead  of  four. 

The  soluble  aluminum  acetate,  when  exposed  in  a  dilute  solution  to  the 
temperature  of  boiling  water  for  several  days,  undergoes  a  very  remarkable 
change,  the  whole,  or  nearly  the  whole,  of  the  acetic  acid  being  expelled 
by  the  action  of  heat,  and  a  peculiar  soluble  modification  of  alumina  (al- 
ready described  under  Aluminium,  p.  335),  remaining  in  solution. 

Manganese  acetate  forms  colorless,  rhombic,  prismatic  crystals,  permanent 
in  the  air.  Ferrous  acetate  crystallizes  in  small,  greenish-white  needles, 
▼ery  prone  to  oxidation ;  both  salts  dissoWe  freely  in  water.  Ferric  acetate 
is  a  dark  brownish-red,  uncrystallizable  liquid,  of  powerful  astringent 
taste.  Cobalt  acetate  forms  a  yiolet-colored,  crystalline,  deliquescent  mass. 
The  nickel  tall  separates  in  green  crystals,  which  dissolye  in  6  parts  of 
water. 

LvAD  AovTATVS. — The  normal  tally  {C^Bfl^)^h^^,S  aq.,  is  prepared  on  a 
large  scale  by  dissolving  litharge  in  acetic  acid :  it  may  be  obtained  in  col- 
orless, transparent,  prismatic  crystals,  but  is  generally  met  with  in  com- 
merce as  a  confusedly  crystalline  mass,  somewhat  resembling  loaf-sugar. 
From  this  circumstance  and  from  its  sweet  taste,  it  is  often  called  suffar  of 
lead.  The  crystals  are  soluble  in  about  li  parts  of  cold  water,  effloresce  in 
dry  air,  and  melt  when  gently  heated  in  their  water  of  crystallization ;  the 
latter  is  easily  driven  off,  and  the  anhydrous  salt  obtained,  which  melts, 
and  afterward  decomposes,  at  a  high  temperature.  Acetate  of  lead  is  sol- 
uble in  alcohol.  The  aqueous  solution  has  an  intensely  sweet,  and  at  the 
same  time  astringent  taste,  and  is  not  precipitated  by  ammonia.  It  is  an 
article  of  great  value  to  the  chemist. 

Basic  Acetates  (Subaceiatet)  of  Lead. — A  tetquibasie  acetate^  2{Cfifi^J^h'^, 
Pl/^0,  is  produced  when  the  neutral  anhydrous  salt  is  so  far  decomposed 
by  heat  as  to  become  converted  into  a  porous  white  mass,  decomposable 
only  at  a  much  higher  temperature.  It  is  soluble  in  water,  and  separates 
from  the  solution  evaporated  to  a  syrupy  consistence  in  the  form  of  crys- 
talline scales.  A  triplumbic  acetate,  (QJS.fi^J^\i^' .  2Pb'^0,  is  obtained  by 
digesting  at  a  moderate  heat,  7  parts  of  finely  powdered  litharge,  6  parts 
of  lead  acetate,  and  80  parts  of  water;  or,  by  mixing  a  cold  saturated  solu- 
tion of  neutral  lead  acetate  with  a  fifth  of  its  volume  of  caustic  ammonia, 
and  leaving  the  whole  some  time  in  a  covered  vessel.  The  salt  separates 
in  minute  needles  containing  one  molecule  of  water.  The  solution  of  basic 
acetate  prepared  by  the  first  method  is  known  in  pharmacy  under  the 
name  of  Goulard  weUer.  There  is  also  a  sexplumbic  acetate,  (02^^0^)^h^^ , 
5Pb''0,  formed  by  adding  a  great  excess  of  ammonia  to  a  solution  of  nor- 
mal lead  acetate,  or  by  digesting  the  normal  salt  with  a  large  quantity  of 
oxide.  It  is  a  white,  slightly  crystalline  substance,  insoluble  in  cold,  and 
bnt  little  soluble  in  boiling  water.  The  solutions  of  the  basic  lead  acetates 
have  a  strong  alkaline  reaction,  and  absorb  carbonic  acid  with  the  greatest 
avidity,  becoming  turbid  from  precipitation  of  basic  carbonate. 

CupRic  AcKTATES. — The  normal  acetate,  {Q.^J^^j^\i.fir\.^  is  prepared  by 
dissolving  verdigris  in  hot  acetic  acid,  and  leaving  the  filtered  solution  to 
cool.  It  forms  beautiful  dark-green  crystals,  which  dissolve  in  14  parts  of 
cold  and  6  parts  of  boiling  water,  and  are  also  soluble  in  alcohol.    A  solu* 
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tion  of  this  salt,  mixed  with  sugar  and  heated,  yields  cuprie  oxide  in  the 
form  of  minute  red  octohedral  crystals:  the  residual  copper  solution  is  not 
precipitated  by  an  alkali.  Cuprie  acetate  yields,  by  deeiructiire  distilla- 
tion, strong  acetic  acid  containing  acetone  and  contaminated  with  copper. 
The  salt  is  sometimes  called  dUtUled  verdigria,  and  is  used  as  a  pigment. 

Biuie  Cuprie  Acetatet. — Common  yerdigris,  made  by  spreading  the  maro 
of  grapes  upon  plates  of  copper  exposed  to  the  air  for  several  weeks,  or  by 
substituting,  with  the  same  yiew,  pieces  of  cloth  dipped  in  crude  acetic  scid, 
is  a  mixture  of  several  basic  cuprie  acetates  which  have  a  green  or  blue 
color.  One  of  these,  2(C,H,0,),Cu^' .  CuO  .  6  aq.,  is  obtained  by  digesting 
the  powdered  verdigris  m  wurm  water,  and  leaving  the  soluble  pan  to 
spontaneous  evaporation.  It  forms  a  blue,  crystalline  ma«a,  but  little  sol- 
uble in  cold  water.  When  boiled,  it  deposits  a  brown  powder,  which  is  a 
subsalt  with  large  excess  of  base.  The  green  insoluble  residue  of  the  ver- 
digris contains  (C,H,02),Cu  .  2CuO .  8  aq. ;  it  may  be  formed  by  digesting 
normal  cuprie  acetate  with  the  hydrated  oxide.  By  ebullition  with  water 
it  is  resolved  into  normal  acetate  and  the  brown  basic  salt. 

Silver  Acetate,  C.H,0,Ag,  is  obtained  by  mixing  potassium  acetate 
with  silver  nitrate,  and  washing  the  precipitate  with  cold  water  to  remore 
the  potassium  nitrate.  It  crystallizes  from  a  warm  solution  in  small  color- 
less needles,  which  have  but  little  solubility  in  the  cold. 

MeratrouM  acetate  forms  small  scaly  crystals,  which  are  as  feebly  solsble 
as  those  of  acetate  of  silver.    Mercuric  acetate  dissolves  with  facility. 

Methyl  Acetate,  C|H,0,CH,,  occurs  in  crude  wood-spirit  It  is  prepared 
by  distilling  2  parts  oi  methyl  alcohol  w^ith  1  part  of  glacial  acetic  acid  and 
1  part  of  sulphuric  acid,  or  1  part  of  methyl  alcohol  with  1  part  of  potas- 
sium acetate  and  2  parts  of  sulphuric  acid.  T^'hen  purified  by  rectification 
over  calcium  chloride  and  quick-lime,  it  forms  a  colorless  fragrant  liquid 
of  sp.  gr.  0-9562  at  0*>,  boiling  at  56*  or  56«>  C.  (131o-133«  F.).  It  dissohes 
in  water,  and  mixes  in  all  proportions  with  alcohol  and  ether. 

Ethtl  Acetate,  C^H^O^C,!!^,  may  be  prepared  by  heating  together  in  a 
retort  3  parts  of  potassium  acetate,  3  parts  of  strong  alcohol,  and  2  parts 
of  oil  of  vitriol.  The  distilled  product  is  mixed  with  water,  to  separate  the 
alcohol,  digested  first  with  a  little  chalk,  and  afterwards  with  fused  calciom 
chloride,  and,  lastly,  rectified.  The  pure  ether  is  an  exceedingly  fragrant 
limpid  liquid:  it  has  a  density  of  0-890,  and  boils  at  78  8°  C.  (165°  F.). 
Alkalies  decompose  it  in  the  manner  already  mentioned  (p.  601).  When 
treated  with  ammonia,  it  yields  acetamidt,  NH,C,H,0. 

Amtl  Acetate,  CjHjOjCjH,,,  prepared  in  a  similar  manner,  boils  at  133* 
C.  (272*  F).  It  possesses  in  a  remarkable  manner  the  odor  of  the  Jar- 
gonelle pear,  and  is  now  manufactured  on  a  large  scale  for  flavoring  liquors 
and  confectionery. 

Ethene  Acetates.  —  These  compounds  may  be  derived  from  ethene  al- 
cohol (glycol)  by  substitution  of  one  or  two  equivalents  of  acetyl  for  hydro- 
gen.   The  monacetate,  (CjH^)'' |  9?  ^^  q,  is  produced  by  heating  ethene  di- 

bromide  with  an  alcoholic  solution  of  potassium  acetate.  The  product  is  dis- 
tilled, the  portion  coming  over  at  182*C.  (360*  F.)  being  kept  separate.  It  is 
a  colorless,  oily  liquid,  miscible  in  every  proportion  with  water  or  alcohol. 
Hydrochloric  acid  gas  pnssed  into  ethene  monacetate  converts  it  into  ethene 

acetochloride,  or  glycolic  chloracetin,  CjH^j  5L  ^  q,  which  is  precipitated, 

on  addition  of  water,  as  an  oily  liquid  boiling  at^llo*  C.  (293*  F.).    Treat- 
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Dent  with  potash  decomposes  it  into  ethene  oxide,  potassium  acetate,  and 
potassium  chloride. 

f  Of  H  O 
Etkenediaeetate^C^U^KQ^^^^^Q,  is  prepared  by  digesting  a  mixture  of 

ethene  dibromide,  siWer  acetate,  and  glacial  acetic  acid  in  the  water-bath, 
and  exhousting  the  digested  mass  with  ether.  On  distilling  the  ethereal 
solution,  the  ether  first  passes  over,  then  the  acetic  acid,  and  lastly,  when 
the  temperature  has  reached  187®  C.  (3G8®  F.),  ethene  diacetate.  It  is  a 
colorless,  neutral  liquid,  of  sp.  gr.  1-128,  at  0°;  soluble  in  7  parts  of  water 
and  in  every  proportion  in  alcohol  and  ether. 

Propxntl  OB  Gltcxrtl  Acetates  ;  ok  Acetins.  —  These  ethers  are  de- 
rived from  propenyl  alcohol  (glycerin)  by  substitution  of  1,  2,  or  3  equiva- 
lents of  acetyl  for  hydrogen.  The  formula  of  glycerin  being  (Cfi^y^^  OH^ 
those  of  the  three  acetins  are : 


Monoacetin 
Diacetin 
Triacetin  . 


(C,H,)^/'(OH),{OC,H,0) 
(C,Hj)/'/(OH)rOC,ll,0), 
(C,H,)///(OC,ll,0), 


They  are  oily  liquids,  produced  by  heating  glycerin  and  acetic  acid  to- 
gether, in  various  proportions,  in  sealed  tubes. 

Acetic  Chlobide  ob  Acbttl  Chlobide,  C,H,0C1. — This  compound,  which 
has  the  constitution  of  acetic  acid  with  chlorine  substituted  for  hydroxy  I, 
is  produced,  as  already  observed  (p.  602),  by  the  action  of  phosphorus  tri- 
chloride, pentaohloride,  or  oxychloride  on  glacial  acetic  acid.  The  pro- 
duct heated  with  water  and  dilute  soda-solution,  to  remove  phosphorus 
oxychloride  and  hydrochloric  acid,  and  then  rectified,  yields  acetic  chlo- 
ride as  a  colorless  liquid,  having  a  suffocating  odor  and  emitting  dense  fumes 
of  hydrochloric  acid  in  contact  with  the  air.  It  is  heavier  than  wat«r,  boils 
at  55^  C.  (181®  F.],  and  is  decomposed  by  water  and  alkaline  solutions, 
yielding  hydrochloric  and  acetic  acids. 

Acetic  Oxide  ob  Akhtdbide,  C^HgO,  =r  (C^Ufi)fi,  sometimes  called 
Anhfdroiu  acetic  acid.  — This  compound  is  obtained : 

1.  By  the  action  of  acetyl  chloride  on  potassium  or  sodium  acetate : 

C,H,0(ONa)     -f    C,H,0C1    =    NaCl    -f-    (C,II,0),0. 

2.  By  heating  sodium  acetate  with  benzoyl  chloride,  C^H^OCl,  whereby 
benzo-acetic  oxide  is  formed  in  the  first  instance,  and  subsequently  resolved 
into  acetic  and  benzoic  oxides,  the  former  distilling  over,  while  the  latter 
remains: 


and: 


C,H,0(ONa)      + 
Sodium  acetate. 

Benzo-acetio 
oxide. 


C^HjOCl     =     Naa     + 

Benzoyl 
chloride. 


(C.H,0),0 

Acetic 
oxide. 


+ 


Benzo-acetic 
oxide. 

(C,H,0).0 

Benzoio 
oxide. 


Acetic  oxide  is  a  heavy  oil  which  dissolves  slowly  in  water,  being  gradu- 
ally converted  into  acetic  acid : 


(C,H,0),0 


+ 


OH,  = 


2C,H,0(0H). 


I 
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Acids  derived Jrom  Acetic  Acid  hy  SubsHtuium. 

Chlo&acbtic  Acids. —  The  three  acids,  C,H,C10y  C,H,Cl,Oy  taidCfiClfi^ 
are  produced  bj  the  action  of  chlorine  on  acetic  acid  in  BUBshine ;  tb« 
second,  howeyer,  is  formed  in  small  quantity  only,  the  first  or  the  third  be- 
ing produced  in  greatest  abundance  according  as  the  acetic  acid  or  the 
chlorine  is  in  excess. 

Monoehloraeetie  acid,  C.H,C10(0H),  is  produced,  according  to  R.  Hoff- 
mann, by  the  action  of  cnlorine  on  boiling  glacial  acetic  acid  in  sunlight. 
Dr.  H.  Miiller  finds  that  the  formation  of  monoehloraeetie  acid  is  faciliuted 
by  dissolving  a  little  iodine  in  the  hydrated  acetic  acid,  and  passing  a  strain 
of  chlorine  through  the  boiling  solution.  On  submitting  the  products  of 
this  reaction  to  repeated  distillation,  a  substance  is  obtained  boiling  at 
186°  C.  (867°  F.),  and  solidifying  to  a  crystalline  mass  which  melto  at  04'' 
C.  n47°  F.^  and  dissoWes  with  facility  in  water.  This  acid,  when  heated 
witn  potasn,  is  eonyerted  into  potassium  glycoUate  (p.  604): 

C.HjClO,     +     2KH0     =     Ka     +     C,H,0,K     +     OH, 
Chloracetio  Pbtassium 

acid.  glycoUate. 

Diehloraeetic  aad,  C|HC1,0(0H),  is  produced,  together  yrith  the  pneeding 
compound,  by  the  action  of  chlorine  and  iodine  on  boiling  aoetie  acid,  and 
is  found  in  that  portion  of  the  product  which  boils  aboye  188°  C.  (870^  F.). 

According  to  Maumen^,*  it  may  be  obtained  by  exposing  nMmoehlor- 
acetic  acid  in  large  flasks  to  the  action  of  dry  chlorine  (6  atoms  of  chlorine  to 
8  molecules  of  cbloracetic  acid)  for  twenty-four  hours,  warming  the  prodact  to 
expel  hydrochloric  acid,  and  then  distilling.  At  ordinary  temperatures  it 
is  a  liquid  haying  a  specific  gravity  of  1*5216  at  15°  G.  (59°  F.),  and  l>oiItDf 
at  105°  C.  (221°  F.^.  According  to  MlUler,  it  remains  liquid  when  eoded; 
but  according  to  Maumene,  it  crystallites  in  rhombohedral  plates.  Itforoifl 
a  soluble  silver  salt,  C,HCl,O.Ag,  which  is  decomposed  when  its  solution  is 
heated  with  silver  oxide  to  76°  or  80°,  giving  off  a  mixture  of  carbon  mon- 
oxide and  dioxide : 

2C,HCl,0,Ag  +  SAgjO  =  2C0  +  2C0,  -f  4AgCl  +  2Ag,  +  OH,. 

Trichloracetic  acid,  C2Cl90(0H). —  Discovered  by  Dumas.  When  a  emsll 
quantity  of  crystallizable  acetic  acid  is  introduced  into  a  bottle  of  drj 
chlorine  gas,  and  the  whole  exposed  to  the  direct  solar  rays  for  several 
hours,  the  interior  of  the  vessel  is  found  coated  with  a  white  crystalline 
substance,  which  is  a  mixture  of  trichloracetic  acid  with  a  small  quantitj 
of  oxalic  acid.  The  liquid  at  the  bottom  contains  the  same  substances,  to- 
gether with  the  unaltered  acetic  acid.  Hydrochloric  and  carbonic  acid 
gases  are  at  the  same  time  produced,  together  with  a  suffocating  vapor,  re- 
sembling carbonyl  chloride.  The  crystalline  matter  is  dissolved  out  by  a 
small  quantity  of  water  added  to  the  liquid  contained  in  the  bottle,  and  (be 
whole  is  placed  in  the  vacuum  of  the  air-pump,  with  capsules  containing 
fragments  of  caustic  potash  and  concentrated  sulphuric  acid.  The  oxalic 
acid  is  first  deposited,  and  afterward  the  trichloracetic  acid,  in  beautiful 
rhombic  crystals.  If  the  liquid  refuses  to  crystalliie,  it  may  be  distilled 
with  a  little  anhydrous  phosphoric  acid,  and  then  evaporated.  The  crys- 
tals are  spread  upon  bibulous  paper  to  drain,  and  dried  in  a  TacunnL 

The  reaction  probably  takes  place  according  to  the  equation : 

4C,H40,    +    llCl,    =    2C.HC180,    -f    C.H.O^    -f    lOHQ 
Acetic  acid.  Trichloracetic        Oxalic 

acid.  acid. 

4-    2CHa, 
Chloroform. 

*  Bull.  8oc.  Chim.  d«  Pnris,  [2].  f .  417. 
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The   chloroform  is  converted,  by  the  farther  action  of  the  chlorine,  into 
carbon  tetrachloride,  CCl^  (Maumen^). 

Trichloracetic  acid  may  also  be  produced  synthetically,  viz.,  by  the  ac- 
lion  of  chlorine  and  water  on  carbon  tetrachloride,  this  compound  first 
taking  ap  2  atoms  of  chlorine  and  forming  carbon  trichloride,  Cfi\^  and  the 
latter  being  oonyerted  by  the  water  into  hydrochloric  and  trichloracetic 
acids: 

C,C1^        +        20H,        =        8HC1        -f        CjHCljO, 

Trichloracetic  acid  is  a  colorless  and  extremely  deliquescent  substance  : 
ilMB^i  faint  odor,  and  sharp  caustic  taste,  bleaching  the  tongue  and  de- 
strojiag  the  skin  ;  the  solution  is  powerfully  acid.  At  46®  C.  (115°  F.)  it 
m^lts  to  a  clear  liquid,  and  at  199®  C.  (890®  F.)  boils  and  distils  unchanged. 
Th«  density  of  the  fused  acid  is  1*617 ;  that  of  the  vapor,  which  is  very  ir- 
ritating is  probably  5-6. 

n^  triehloraceiateM  are  analogous  to  the  acetates.  The  potasnum-aalt, 
2CjBljfifK.  aq.,  crystallizes  in  fibrous  silky  needles,  permanent  in  the  air. 
Thtt  ^mmium'sall^  2G,C1,0,NH4 .  6  Aq.,  is  also  crystalliiable  and  neutral. 
tMmwer-aalt,  CgClgO^Ag,  is  soluble,  and  crystallizes  in  small,  grayish  scales, 
easily  altered  by  light. 

Trichloracetic  acid  boiled  with  excess  of  ammonia  yields  ammonium  car- 
bonate and  chloroform : 

C,HC1,0,    -h    2NH,    +    OH,    =    CO,(NHJ,    +    CHCl, 

With  caustic  potash^  it  yields  a  smnller  quantity  of  chloroform,  together 
with  potassium  chloride,  carbonate,  and  formate.  The  chloride  and  for- 
mate  are  secondary  products  of  the  reaction  of  the  alkali  upon  the  chloro- 
form. 

Nascent  hydrogen  reduces  trichloracetic  to  acetic  acid.  When  potassium 
or  sodium  amalgam  is  put  into  a  strong  aqueous  solution  of  trichloracetic 
acid,  the  temperature  of  the  liquid  rises,  without  disengagement  of  gas, 
and  the  solution  is  found  to  contain  acetate  and  chloride  of  potassium,  to- 
gether with  caustic  potash. 

Bromacbtig  Aoids. — Monohromaeetic  acid,  C2H,BrO(OH),  discovered  by 
Perkin  and  Duppa,  is  analogous  in  eyery  respect  to  monochloracetic  acid. 
It  is  formed  by  acting  with  bromine  on  glacial  acetic  acid  in  sealed  tubes 
at  a  temperature  above  that  of  boiling  water.  Ammonia  converts  it  into 
glycocine,  CjHjNO.  (p.  614). 

Dibromacetie  acict,  C-HBr,0(OH),  is  obtained  by  the  further  action  of  bro- 
mine upon  bromacetic  acid.  It  is  a  liquid  boiling  at  240®  C.  (464®  F.); 
heated  with  silver  oxide  and  water,  it  is  decomposed  into  silver  bromide 
and  bromoglycollic  acid : 

2C,n,Br,0,    -I-    Ag,0     -f    H,0    =    2AgBr     -f     2C,H,BrOj 

Dibromacetie  Bromogly- 

acid.  collie  acid. 

EthyUdibromaeetate^  C,HBr,0, .  C,Hj,  produced  by  heating  an  alcoholic 
solution  of  the  acid  in  a  sealed  tube,  is  an  oily  liquid  which  is  decomposed 
by  ammonia,  yielding  alcohol  and  dibromacetamide : 

C,HBr,0, .  C.Hj    +    Nil,    »     QfifiR    +    NH,C,HBr,0 

loDACETic  Acid,  CaH,IO,,  and  Di-ioi)acetic  Acid,  C,II,I,0,,  have  like- 
wise been  obtained. 


Thiacxtic  Acid,  C-H.OS,  or  C,H-0(SH),  or        I  .  —This  acid,  dis- 

0-C— r"" 
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eoTered  by  Kekul^,  is  formed  bj  the  aotion  of  phosphorus  peniasulphide 
on  glacial  acetic  acid : 

6C,H,0(0H)     -I-     P^,    =s     P,Oj    +     5C,H,0(SH) 

Thiacetic  acid  is  a  colorless  liquid,  boiling  at  dS^*  C.  (199°  F.) ;  it  smells 
like  acetic  acid  and  hjdrogen  sulphide.     With  solution  of  lead  acetate,  it 

forms  a  crystalline  precipitate  containing  (C,H,0),PVSy  or  Pb^'  |  I^'^'q 

Amidacktio  Acid,  or  Gltcogikk,  CjE^NO^  or  C,H,(NH,)0^ — ^This  com- 
pound is  formed  by  the  action  of  ammonia  on  bromacetic.  or  cldo>nn|tic 
acid:  "■ 

Chloracetic  Araiuacetic 

acid.  acid. 

It  is  also  produced  by  the  action  of  acids  or  alkalies  upon  anim^^sub- 
stances,  such  as  glue,  hippuric  acid,  glycollic  acid,  etc.  From  hippttric 
acid  it  is  formed  according  to  the  equation : 

C,H,NO,        +        OH,        =        CjHjNO,        +        C,H,0, 
Hippuric  acid.  Glycocine.  Benzdio  acid. 

To  prepare  it,  hippuric  acid  is  boiled  for  several  hours  with  concentrated 
hydrochloric  acid ;  the  liquid  is  evaporated  nearly  to  dryness ;  the  residue 
exhausted  with  cold  water;  the  solution  treated  with  lead  oxide,  to  sepa- 
rate the  hydrochloric  acid,  and  filtered :  the  filtrate,  after  precipitation  of 
the  lead  by  sulphuretted  hydrogen,  yields  on  evaporation  hard  transparent 
crystals  of  glycocine.  Glycocine  is  easily  soluble  in  water,  nearly  insol- 
uble in  alcohol  and  ether.  It  combines  with  acids  in  different  proportions. 
With  sulphuric  acid  it  forms  the  compound  (C,HjNO,),S04H2;  and  on  addi- 
tion of  alcohol  to  a  solution  of  this  sulphate,  a  salt  crystallising  in  rectan- 
gular prisms  is  deposited,  containing  dC^Hj^NOj .  SO^H,.  Glycocine  also 
forms  saline  compounds  by  substitution  of  metal  for  hydrogen;  for  example, 
C^HgOu^-'NjO^ .  OH,,  and  CjH^AgNO,:  it  also  combines  with  metallic  salta, 
forming  crystalline  compounds,  such  as  C,H(NO,.NO,K,  and  C,HjNO,. 
NO,Ag. 

Nilroua  add  converts  glycocine  into  glycollic  or  oxyacetic  acid : 

C,H,(NH,)0,    -f    2N0(0H)    =    C.H,(OH)0,    +    OH,    +    N, 
Amidacetic  Oxyacetic 

acid.  acid 

Methyl-ghcocifu,  or  Sarcotine,  C,H^NO„  or  C,H4(CH,)N0,,  isomeric  with 
alanine  (p.  619),  is  produced  by  digesting  ethyl-chloracetate  with  an  excess 
of  a  concentrated  aqueous  solution  of  methylamine : 

C,H,C10,.C,H,    +    2NH,CH,    +    OH,    =    C,H  (CH,)(NH,)0, 

Sarcosme. 

+    NH,CH,.Ha    +  C,H5(0H) 
Methylamine  AlcohoL 

hydrochloride. 

The  same  compound  is  formed  by  boiling  creatine  *  with  baryU-water; 
ammonia  is  then  eliminated,  a  precipitate  of  barium  carbonate  separates, 
and  the  solution,  after  the  removal  of  the  barium  by  carbonic  acid,  yields 
on  evaporation  colorless  rhombic  prisms  of  sarcosine*  The  creatine  splits 
into  tarcosine  and  urea,  the  latter  being  further  decomposed  into  ammonia 

•  8e«th'    "  ^   -»n!cBiwe8. 
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and  carbonic  aoid.  Sarcosine  dissolTes  with  facility  in  water ;  it  is  diffi- 
cultlj  soluble  in  alcohol,  insoluble  in  ether,  and  has  no  action  upon  Tege- 
table  colors.  It  combines  with  acids  to  soluble  salts,  which  have  an  acid 
reaction.  The  double  salt  of  sarcosine  with  platinum  tetrachloride  crys- 
talUies  in  large  yellow  octohedrons  having  the  composition  2C.H.N0,. 
2HCl.PtC1..2  Aq. 

Plropioiiio  Aeid,  Cfifi^  =  C,H^O(OH)  =    I  .  —  This  acid  is  pro- 

COOH 
dviced :  1.  As  a  potassium^salt  by  the  combination  of  carbon-dioxide  with 
pM||»m-ethyl»  CO,  +  C,HgK  ^  CO(C,H.)OK.  —2.  By  the  action  of  acids 
oirimmd^  on  ei)iyl  cyanide  (p.  599).  —  S,  By  the  simultaneous  action  of 
WBtjIKmd  carbonyl  chloride  on  ethane  (p.  599)-  —  4.  By  the  oxidation  of 
prdr|rfonic  aldehyde,  CjH^O.  It  should  also  be  formed  by  oxidation  of  nor- 
mal propylic  alcohol:  but  that  compound  is  not  known  with  certainty 
(^  681).  ^6.  Ticether  with  acetic  acid,  by  oxidizing  propione,  or  meta- 
ft^fan^,  CjHjqO,  with  aqueous  chromic  acid.  This  is  the  process  by  which 
it  was  first  obtairfed. —  6.  From  lactic  acid  —  from  which  it  differs  only  by 
covtilmQg  one  atom  of  oxygen  less — by  the  action  of  hydriodic  acid: 

bflfi^        +        2HI        =        C,H,0,        +        OH,        +        I, 
Lactic     «  Propionic 

acid.  acid. 

7.  Together  with  several  other  products,  in  the  fermentation  of  glycerin, 
and  likewise  of  sugar,  by  the  action  of  putrid  cheese  in  presence  of  cal- 
cium carbonate. 

Propionic  acid  is  usually  prepared  by  the  second  of  the  above-mentioned 
processes.  Ethyl  cyauide  is  added  by  drops  to  a  moderately  strong  solution 
of  potash  heated  in  a  tubulated  retort,  the  distillate  being  repeatedly  poured 
back  as  long  as  it  smells  of  ethyl  cyanide.  The  residue  in  the  retort,  con- 
sisting of  potassium  propionate,  is  then  evaporated  down  to  dryness,  and 
distilled  with  syrupy  phosphoric  acid. 

Propionic  acid,  when  perfectly  dry,  crystallizes  in  laminie,  and  boils  at 
1-10°  C.  (284°  F.).  It  is  soluble  in  water,  and  when  the  water  is  quite 
saturated  with  it,  the  excess  of  acid  floats  on  the  suiYace  in  the  form  of  an 
oil.     It  has  a  very  sour  taste,  and  a  somewhat  pungent  odor. 

The  propionates  are  soluble  in  water.  The  barium-itUtt  (C3Hj02),Ba^^, 
yields  propione  by  dry  distillation. 

Propionic  acid  forms  substitution-products  with  chlorine,  bromine,  and 
iodine.  Chloropropionic  aeid^  C3K5CIO2,  does  not  appear  to  be  formed  by 
the  action  of  chlorine  on  propionic  acid;  but  it  is  obtained  by  treating  the 
calcium  salt  of  lactic  acid  with  phosphorus  pentachloride,  whereby  lactyl 
chloride  or  chloropropionyl  chloride  is  formed,  and  decomposing  this 
chloride  with  water : 

CjH^O.OHJ,     +     PCI5    =    C3H4CIO.CI     +    PCljO    -f    OH, 
Lactic  aciu.  Chloropropionyl 

chloride. 

C,H<a0.a      +      OH,      =       HQ      4-      CjH^ClOCOH) 
Chloropropionyl  Chloropropionic 

chloride.  acid. 

Chloropropionic  acid  is  a  liquid  less  volatile  than  propionic  acid,  and  hav- 
ing the  odor  of  trichloracetic  acid.  Nascent  hydrogen  converts  it  into 
propionic  acid. 

Bromopropionic  acid,  Cj,HjBrO,,  produced  by  the  action  of  bromine  on 
propionic  acid,  is  converted  by  alcoholic  ammonia  into  alanine^  or  amido' 
propianie  acid: 

CjHjBrO,        -f        2NH,        =        C5H5(Nn,)0,        +        NH4Br. 
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Alaoine,  homologous  with  glycocine  and  isomeric  with  sarcorine  (p.  614), 
is  also  produced  by  boiling  a  mixture  of  aldehjde-ammonia  and  bydre- 
cyanic  acid  with  dilute  hydrochloric  acid: 


CjH^O.NH,    +    CNH    + 
Aldehyde- 
ammonia. 


flCl   +   OH,  =  NH4CI  +  C,H,NO, 

Alanine. 


On  evaporating  the  solution,  extracting  the  hydrochloride  of  alanine  with 
alcohol,  and  separating  the  hydrochloric  acid  by  hydrated  lead  oxide,  t 
solution  is  obtained  containing  alanine  in  combination  with  lead  oxide, 
from  which  the  alanine  may  be  separated  by  saturating  the  solatiMbrith 
sulphuretted  hydrogen,  filtering,  and  evaporating.  It  forms  rhom^i^risms 
of  a  pearly  lustre,  easily  soluble  in  alcohol,  sparingly  soluble  in  ethei. 
Alanine,  like  glycocine,  combines  with  acids,  bases,  and  salts. 

Nitrous  acid  converts  alanine  into  lactic  or  oxypropionic  acid,  C^HgO,. 
the  reaction  being  exactly  similar  to  that  by  which  glycocine  is  converied 
into  glycollic  acid. 

Butyric  Add,  CfTTgO-^C^H^OfOH).  — Acids  having  this  composition,  sre 
obtained  by  the  following  synthetical  processes: 

a.  By  the  action  of  ethyl-iodide  on  monosodic  ethyl  acetate  (p.  600).  and 
decomposition  of  the  resulting  ethylic  ethyl-acetate  with  potash:  the  pro- 
duct thus  obtained  is  ethyl-acetic  or  normal  butyric  acid : 


CHjNa 

COOC,H, 

Monosodio 

ethyl-acetate. 

CH,C,Hs 

COOC.H, 

Ethylic 

ethyl-acetate. 


CaH.I        = 

Ethyl 
iodide. 

HOH         = 
Water. 


CH.Cfilc 

Nal 

+       1 

COOC.H, 

Ethylic 

ethyl-acetate. 

CHjCfHj 

:,H.(OH) 

COOH 

Ethyl 

Ethylacetic 

alcohol. 

acid. 

IS.  Disodic  ethyl-acetate,  treated  in  like  manner  with  methyl-iodide,  yields 
dimethylic  ethyl-acet-ate : 

CHNa«  CH(CH,), 

I  -h        2CH3T        =        2NaI  -f       1 

COOCjHj  COOCjH,; 

and  this  compound,  treated  with  potash,  is  converted  into  dimethyl-acetie 

CU(CH,), 
or  isobutyric  acid,  I 

COOH. 
Ethylacetic  acid  boils  at  16P  C.  (322<>  F.),  dimethylacetic  acid  at  152<'a 
(805°  F.)  (Frankland  and  Duppa). 

Butyric  acid,  identical  with  the  first  of  these  synthetical  products,  ocean 
ready-formed  in  tamarinds  and  a  few  other  plants,  and  in  certain  beetles, 
and  is  obtained  artificially  by  several  processes. 

1.  By  oxidation  of  primary  butyl  alcohol.*  —  2.  By  saponification  of  ordi- 
nary butter,  which  contains  tributyrin : 

+     3K0H    =    3C,H^0H    -f     C^H^fOH,) 

Potassium  Glycerin, 

butyrate. 


(CHj)'"(OC«H,0), 
Tributyrin. 


•  If  Srlenmeyer'8  view  of  the  cnnfltitation  of  the  fermentation  alcohols  be  contact,  tb*  irkl 
produced  by  oxidation  of  liiityl  iilc<»iioI  obtoined  from  fiiael  oil,  ahould  b«  iaobutyric  acid:  U» 
point  requiraa  further  InTestlgatiou. 
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Other  acids  of  the  series  are,  however,  formed  at  the  same  time,  which  are 
difficult  to  separate. 

3.  By  the  fermentation  of  sugar  in  contact  with  putrid  cheese  and  chalk, 
calcium  lactate  being  first  formed  in  large  quantity,  and  afterward  dis- 
solved and  converted  into  butyrate,  which  may  be  decomposed  by  sulphuric 
acid,  and  distilled.  The  conversion  of  lactic  into  butyric  acid  probably 
takes  place  as  shown  by  the  equation : 

2C,H,0,        =        C4H,0,        +    2C0,    +    2H, 
Lactic  acid.  Butyric  acid. 

Butyric  acid  thus  obtained  is  a  colorless,  very  mobile  liquid,  having  an 
odor  of  acetic  acid  and  also  of  rancid  butter.  Its  specific  gravity  is  0*U886 
at  0^,  and  0-9789  at  15®.  At  the  temperature  of  a  mixture  of  solid  car- 
bonic acid  and  ether  it  crystalliies  in  large  lamins.  It  boils  at  164®  C. 
(327®  F.),  giving  off  a  vapor  which  burns  with  a  blue  flame.  It  dissolves 
in  all  proportions  in  water,  alcohol,  and  wood-spirit.  Boiling  nitric  acid 
coQverts  it  into  succinic  acid : 

SC^HgO,    +    0,    =    20H,    +    2C4H40, 

Butyric  Succinic 

acid.  acid. 

The  metallic  butyrates  are,  for  the  most  part,  soluble  in  water,  and  crys- 
tallizable.  The  calcium  salt  C^U^Ofi&^^f  yields  butyrone,  C4UyO.C,Hp 
by  dry  distillation. 

Ethyl  Butyrate,  C.H^O,.  C,!!,,  is  a  liquid  having  a  pleasant  fruity  odor: 
it  is  sometimes  used  for  flavoring  confectionery. 

Butyric  acid,  subjected  to  the  action  of  dry  ehlorme^  is  converted  first 
into  dieklorobutyrie  aeid^  CAlfi\fij»  and  afterward  into  teirachlorobutyrie 
acid,  C4H4CI4O,.  Heated  with  bromine  in  sealed  tubes  to  16a®-200®  C.  (302®- 
392®  F.),  it  forms  mono-  or  dibromobutyric  add,  according  to  the  propor- 
tions used.     Dibromobutyric  acid  is  crystallixable. 

Amidobutyrie  acid,  C^H^NO,,  or  C4Hy(NH2)02,  is  snid  to  exist,  together 
with  its  homologue,  leucine  or  amidocaproic  acid,  in  the  pancreas  of  the  ox. 

Valerie,  or  Valerianic  Acid,  C^KjoO,  =  CbI{90(0H).— This  acid  occurs  in 
valerian  root,  in  angelica  root,  in  the  berries  of  the  guelder  rose  (  Vt5tir- 
num  opulus),  and  probably  in  many  other  plants.  It  is  produced  by  the 
oxidation  of  amyl  alcohol,  either  by  absorption  of  atmospheric  oiygen 
under  the  influence  of  platinum  black,  or  by  treatment  with  aqueous 
chromic  acid,  or  by  heating  it  with  a  mixture  of  caustic  potash  and  quick- 
lime, the  reaction,  in  this  last  case,  being  attended  with  evolution  of  hy- 
drogen : 

^i^\%0    -f    KOH    =    CjHjOjK    +    OH,    +    H, 
Amyl  Potassium 

alcohol.  valerate. 

The  potassium  salt,  distilled  with  sulphuric  acid,  yields  valeric  acid. 

The  most  advantageous  mode  of  preparing  valeric  acid,  is  to  oxidiie 
amyl  alcohol  with  a  mixture  of  sulphuric  and  potassium  bichromate.  4 
parts  of  the  bichromate  in  powder,  6  parts  of  oil  of  vitriol,  and  8  parts  of 
water  are  miied  in  a  capacious  retort,  and  1  part  of  amyl  alcohol  is  added 
by  small  portions,  with  strong  agitation,  the  retort  being  plunged  into  cold 
water  to  moderate  the  violence  of  the  reaction.  When  the  change  appears 
complete,  the  deep-green  liquid  is  distilled  nearly  to  dryness,  the  product 
mixed  with  excess  of  caustic  potash,  and  the  aqueous  solution  separated 
mechanically  from  a  pungent,  colorless,  oily  liquid  which  floats  upon  it, 
consisting  of  amyl  valerate.     The  alkaline  solution  is  then  evaporated  to  a 
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small  bulk,  and  decomposed  by  dilute  sulphuric  acid  in  excess.  The 
greater  part  of  the  valeric  acid  then  separates  as  nn  oilj  liquid  lighter 
than  water:  this  is  a  hydrate  consisting  of  CjHjgO,.  OH,.  When  distilled 
alone,  it  undergoes  decomposition :  water,  with  a  little  of  the  acid,  first 
Appears,  and  eventually  the  pure  acid,  CgHj^O,,  in  the  form  of  a  thin,  mo- 
bile, colorless  oil,  haviog  the  persistent  and  characteristic  odor  of  valerixn 
root.  It  has  a  sharp  and  acid  taste,  reddens  litmus  strongly,  bleaches  the 
tongue,  and  burns  when  inflamed  with  a  bright,  yet  smoky  light.  Valeric 
acid  has  a  density  of  0-987 :  it  boils  at  llb°  C.  (S47<»  F.).  Placed  in  con- 
tact with  water,  it  absorbs  a  certain  quantity,  and  is  itself  to  a  certain  ex- 
tent soluble. 

Valeric  acid  is  active  or  inactive  to  polarized  light,  accordingly  as  it  has 
been  prepared  from  active  or  inactive  amyl  alcohol.  That  which  has  been 
prepared  from  the  active  alcohol  produces  a  right-handed  rotation  of  43° 
in  a  tube  50  centimetres  long.* 

The  metallic  valerates  are  not  of  much  importance;  several  of  them  are 
crystallisable.  The  nlver^aalt  contains  C^H^O^Ag.  A  solution  of  poraasinm 
valerate,  subjected  to  electrolysis,  yields  dibutyl,CgHu  (p-  475). 

Ethyl  valerate,  C^H^O, .  C^H^,  is  obtained  by  passing  hydrochloric  acid  gas 
into  an  alcoholic  solution  of  valeric  acid.  Ammonia  converts  it  into  vale- 
ramide,  C,H,ONH,. 

Chlobovalebic  Acids. — Triehlorovalerie  add^  CgH^CljO^  obtained  by  the 
prolonged  action  of  chlorine  on  valeric  acid  in  the  dark,  aided  toward  the 
end  of  the  process  by  a  gentle  heat,  is  an  oily  liquid,  becoming  very  viscid 
at  18°  C.  (64°  F.),  perfectly  mobile  at  30°  C.  (86°  F.).  In  conUctwith 
water  it  forms  a  very  viscid  hydrate,  which  sinks  to  the  bottom.  It  dis- 
solves in  aqueous  alkalies,  and  is  precipitated  by  acids  in  its  original  state. 

TetraehlorovaUrie  acid^  C^HiCl^O,,  is  the  ultimate  product  of  the  action  of 
chlorine  on  the  preceding  substance,  aided  by  exposure  to  the  sun.  It  is  a 
semifluid,  colorless  oil,  destitute  of  odor,  of  powerful  pungent  taste,  and 
heavier  than  water.  It  can  neither  be  solidified  by  cold  nor  distilled  with- 
out decomposition.  In  contact  with  water,  it  forms  a  hydrate  contaiDing 
CjHfCl^O, .  OHj,  which  is  slightly  soluble  in  water,  easily  soluble  in  alcohol 
and  ether. 

laomeric  formt  of  Valerie  acid.  —  The  formula  Cfiyfi^  may  include  the 
four  following  compounds: 

CH,CII,CH,CH,       CH,CH(CH,),      CHCHjCCHjCH,]      C(CH,), 

COOH  COOH  COOH  COOH 

Propyl-  Isopropyl-  Methyl-ethyl-       Trimethyl 

acetic  acid.  acetic  acid.  acetic  acid.         acetic  acid. 

The  second  and  fourth  of  these  acids  have  been  prepared  by  Franklasd 
and  Duppa.f 

CH,CH(CH,), 
Ethyl  isopropylacetatCt    I  ,  is  obtained  by  the  action  of  isopro- 

COOCjH. 
pyliodide,  CH(CHg),I.  on  monosodic  ethyl  ncetate,  and  from  this  ether  »«- 
propylacetic  add  is  prepared,  as  in  the  similar  cases  previously  described. 
It  is  iilentical  in  every  respect  with  valeric  acid  prepared  from  opticall/ 
inactive  arayl  alcohol. 

TrimfthyUicetic  arid  is  obtained  as  an  ethyl  ether  by  the  action  of  methyl 
iodide  on  trisodic  ethyl  acetate: 

•  I\dkTy  Chem.  Soc.  Journal  [2],  ▼!.  74.  f  Chem.  Soc.  Joiimid  [2],  t.  102. 
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CNs,  C(CH,), 

I  +      8CH,I      =      3NaI      +         T 

COOCjH.  ^  COOCjHj 

Caproio  Acid,  CgHjjjO,  =  CeHiiO(OH)  =  I         .—This  acid  is  produced  by 

COOH 
the  action  of  alkalies  or  ncids  on  anijl  cjanide,  C^H^CN  (p.  599) ;  also,  as  a 
sodium-salt,  by  the  action  of  carbon  dioxide  on  sodium-amyl:  COg-)-CgH,]^ 
Na=CO(CjH„)ONa.*  It  occurs  as  a  glyceride  in  the  butter  of  cow's  milk, 
and  abundantly  in  cocoa  nut  oil ;  it  is  a  not  unfrequent  product  of  the  oxi- 
dation of  fatty  acids  of  hi'gher  atomic  weight,  and  is  also  produced  by  the 
oxidation  of  poppy  oil  and  of  casein.  It  may  be  prepared  from  cocoa-nut 
oil  by  saponifying  the  oil  with  strong  soda-lye,  and  distilling  the  soap  with 
dilute  sulphuric  acid.  The  distillate  contains  caproic  and  caprylic  acids, 
and,  when  neutralized  with  baryta  and  evaporated,  yields,  first  crystals  of 
barium  caprylate,  and  afterwards  verucose  crystals  of  the  caproate,  which, 
when  decomposed  by  sulphuric  acid,  yield  caproic  acid. 

Caproic  acid  is  a  clear  mobile  oil  of  sp.  gr.  0*981  at  15°,  having  a  sudo- 
rific odor  and  pungent  taste.  The  acid  prepared  from  amyl  cyanide  solid- 
ifies at  —90  c.  (16«  F.),  boils  at  198«  C.  (388°  F.),  and  is  active  to  polarized 
light.  That  from  cocoa-nut  oil  boils  between  202°  and  209°  C.  (895°-408°  F.) 
(perhaps  owing  to  admixture  of  caprylic  acid),  and  is  optically  inactive. 

The  metallic  caproates  are  soluble  and  cry  stall  izable.  A  strong  solution 
of  the  potassium-salt,  subjected  to  electrolysis,  yields  diamyl,  CioH^jfp-  475). 
The  silver-salt,  C^ H„0,Ag,  is  nearly  insoluble  in  water,  and  crystallizes  in 
broad  plates,  but  is  little  altered  by  exposure  to  light. 

CH(C,H5), 
DiBTHTL- ACETIC  AciD,    I  ,  the  cthylic  ether  of  which  is  prepared 

COOH 
by  the  action  of  ethyl  iodide  on  disodic  ethyl  acetate,  is  isomeric  with  ca- 
proic acid.     It  has  a  different  odor,  and  its  silver-salt  forms  silky  asbestos- 
like crystals,  soluble  in  water,  and  turning  brown  when  exposed  to  a  strong 
Hght 

Amidocaproic  Acid,  or  Leucine,  CgHjjNOjorCjHjJNHj)©^  has  not  been 
obtained  directly  from  any  derivative  of  caproic  aciu,  bui  is  produced  by 
digesting  together  valeral-ammonia,  hydrocyanic  acid,  and  hydrochloric 
acid,  the  reaction  being  analogous  to  that  by  which  alanine  is  prepared 
from  the  ammonia-compound  of  acetic  aldehjrde: 

CjHjjO.NH,    +    CNH    +     HCl     -f     OH,    as    CaHjjNO,    +    NH4CI 
Valeral-am-  Leucine, 

monia. 

Leucine  is  also  formed  by  the  decomposition  of  animal  substances,  such 
as  glue,  horn,  wool,  &c.,  during  putrefaction,  and  by  the  treatment  of  these 
substances  with  acids  or  alkalies.  It  was  first  discovered  in  putrid  cheese; 
more  recently  it  has  been  found  in  several  parts  of  the  animal  organism. 
Leucine  crystallizes  in  white  shining  scales,  which  melt  at  100°,  and  may 
be  sublimed  without  decomposition ;  it  is  but  little  soluble  in  water,  still 
less  in  alcohol,  insoluble  in  ether.  When  heated  with  caustic  baryta,  it 
splits  into  carbon  dioxide  and  amylamine:  CgHjjNOj^CfHigN-f-CO,.  It 
unites  with  acids,  bases,  and  salts.  Treatment  with  nitrons  acid  converts 
it  into  leucic  acid,  CgHjgO,,  homologous  with  lactic  and  glycoUic  acids. 

^6^  IS 

(Enanthylic  Acid,  C-Hi^O«=  C-Hj-fOII)  =    |      .  —  This  acid  is  produced 

COOH 

*  WanUju  and  Scheuk,  Cbem.  Soc.  Joiirimi  [2],  ri.  81. 
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from  oenanthol,  or  oDnanthylic  aldehyde,  0, Hj^O  (a  liquid  obtained  by  the 
dry  distiUatioQ  of  castor-oil),  by  oxidation  in  the  air,  or  with  nitric  add, 
or  with  chromic  acid ;  also  by  oxidation  of  ca0tor-oil  with  nitric  Mid. 
Amyl-acetie  aeidj  isomeric  or  identical  with  it,  isi  obtained  as  an  ethylie 
ether,  together  with  seyeral  other  products,  by  the  action  of  amyl  iodide 
on  disodic  ethyl  acetate. 

CEnanthylic  acid  is  a  transparent  colorless  oil,  haTing  anunpleasaatodor 
like  that  of  codfish.  It  boils,  according  to  Strecker,  at  212^'  C.  (IIS"*  F). 
It  is  insoluble  in  water,  but  soluble  in  alcohol  and  ether.  When  betted 
with  baryta,  it  giyes  off  Bsztwie  or  hexyl  hydride.  C^ H,^,  the  baryta  ab- 
stracting carbon  dioxide:  C,Hj.O,-=CO,4-C0H,4.  The  potassium-salt,  sub- 
jected to  electrolysis,  yields  ckkexyl,  C|,H,g. 

Caprylic  Acid,  C8HjQ02=CgH,jO(OH),  occars  as  a  glyceride  in  the  batter 
of  cow's-milk  and  in  cocoa-nut  oil ;  it  is  also  found  in  several  kinds  of  fusel- 
oil,  partly  free,  partly  as  an  ethylie  or  amylie  ether.  It  is  best  prepared  by 
saponification  of  cocoa-nut  oil ;  its  barium-salt,  being  very  sparingly  solu- 
ble, is  easily  separated  from  the  barium-salt  of  caproic  acid  formed  tt  the 
same  time. 

Caprylic  acid  has  a  faint  but  unpleasant  odor,  especially  when  warmed. 


It  solidifies  at  12°  C.  (54°  F.),  melts  at  15°  C.  (69*»  F.),  and  boils  at  236'- 
238°  C.  {457°-460o  F.j.  When  boUed  with  nitric  acid,  it  is  conTerted  into 
nitrocaprylic  acid,  C8lI,5(N02)Oj. 

Pelargonio  Acid,  C«H|gO,  =  C9H,7(0H),  was  first  obtained  from  the  leaves 
of  the  geranium  {Pelargonium  roseum)^  in  which  it  exists  ready  formed.  U 
may  be  procured  in  large  quantity  by  the  action  of  nitric  acid  upon  the 
essential  oil  of  rue  (which  contains  the  two  aldehydes,  C,(H„0  andCi,H,.Oi: 
also,  together  with  several  acids  of  the  fatty  series,  by  the  action  of  boUing 
nitric  acid  on  oleic  acid.  It  is  a  liquid  having  a  slightly  unpleasant  odor, 
and  boiling  at  260°  C.  (500°  F.). 

Ethyl  pelargonatty  C^IIgO, .  C^IT^,  may  be  easily  produced  by  dissolving 
the  acid  in  strong  alcohol,  and  passing  a  current  of  hydrochloric  acid 
through  the  solution.  It  is  a  liquid  of  specific  gravity  0*862,  and  boiling 
at  250°  C.  (482°  F.).     It  has  a  powerful  and  most  intoxicating  vinous  odor. 

The  aroma  possessed  by  certain  wines  appears  to  be  due  to  the  presence 
of  the  ether  of  pclargonic  acid,  which,  in  this  case,  is  probably  generated 
during  fermentation.  When  such  wines,  or  the  residues  of  their  fermen- 
tation, are  distilled  on  the  large  scale,  an  oily  liquid  passes  over  towards 
the  close  of  the  operation,  which  consists,  in  great  measure,  of  the  crude 
ether :  it  may  be  purified  by  agitation  with  solution  of  pot4iS8ium  carbonate, 
freed  from  water  by  a  few  fragments  of  calcium  chloride,  and  redistilled. 
The  pelargonic  ether  obtained  by  this  process  was  originally  described  as 
aenanthie  ether ^  and  the  acid  as  otnanthic  add. 

Sutio  or  Caprio  Add,  CiqH^O,. — This  acid  exists  as  a  glyceride  in  ordi- 
nary butter  and  in  cocoa-nut  oil :  it  occurs  also  in  several  kinds  of  fusel-oil 
and  is  formed  by  the  oxidation  of  oleic  acid  and  of  oil  of  rue.  It  may  be 
obtained  pure  and  in  tolerable  quantity  from  the  liquid  which  remains  in 
the  distillation  of  the  fusel-oil  of  the  Scotch  distilleries  (p.  626)  after  the 
amyl  alcohol  has  been  distilled  off  at  132°  0,  (270°  F.).  This  residue  con- 
sists chiefly  of  amyl  rutate,  CioH„0, .  C5II,,.  and  when  distilled  with  potash 
gives  off  amyl  alcohol  and  leaves  potassium  rutate,  from  which  the  rutio 
acid  may  be  obtained  by  distillation  with  sulphuric  acid. 

Rutic  acid  is  a  colorless  crystalline  bofly,  having  a  slight  odor  of  the 
goat,  becoming  stronger  when  the  ncid  is  warmed.  It  melts  at  27°-''?(^  C. 
(80°-8G°  F.).  is  very  soluble  in  cohl  alcohol  and  ether,  insoluble  in  eoU 
water,  slightly  soluble  in  boiling  water,  and  dissolves  without  alteration  in 
strong  nitric  acid. 
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The  metallic  rut«tes  are  mostly  sparinglj  soluble  in  water.  The  barium- 
salt,  (C,0lIjgO,),BA^%  separates  from  solution  in  boiling  water  in  needle- 
shaped  or  large  prismatio  crystals  which  float  on  the  water  if  not  moistened. 

Laurie  Acid,  C^jH^Oj,  occurs  as  a  glyceride  (laurostearin)  in  the  fat  of 
the  bay-tree  (Laurus  nobilia)^  and  in  the  solid  fat  and  volatile  oil  of  pichu- 
rim  beans  (Fabx  Pichurim  maj\).  It  is  prepared  by  saponifying  these  fats 
with  caustic  alkali,  and  decomposing  the  resulting  soap  with  tartaric  or 
hydrochloric  acid.  It  likewise  occurs,  together  with  other  fatty  acids,  or 
their  glycerides,  in  cocoa-nut  oil  and  the  oils  or  fats  of  several  other  plants, 
also  in  spermaceti ;  and  is  separated  from  the  mixtures  of  fatty  acids  re- 
sulting from  the  saponification  of  these  substances  by  a  complicated  process 
of  fractional  precipitation  with  barium  and  magnesium  salts,  into  the  de- 
tails of  which  we  cannot  enter  * 

Laurie  acid  is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and  ether, 
and  crystallizes  from  alcohol  in  white,  silky  needles,  which  melt  at  about 
43®  C.  (109°  P.). 

The  lanrates  of  the  alkali-metals  and  of  barium  are  soluble  in  water;  the 
other  salts  are  insoluble  or  sparingly  soluble.  The  ealeium  salty  (C^^^ss^)! 
Ca^',  is  resolved  by  distillation  into  calcium  carbonate  and  laurostearone : 

(C„Hj,0),Ca^>'        =        COgCa'^        +        C^H^eO 
Calcium  laurate.  Calcium  Lauro- 

carbonate.  stearone. 

Myriitio  Aoid,  C,4H^0y— This  acid  occurs  as  a  glyceride  in  nutmeg-but- 
ter and  Otoba  fat;  also,  together  with  lauric  acid,  in  Dika  bread,  the  fruit 
of  Mangifera  gabonensiSf  an  African  tree;  and,  together  with  other  fatty 
acids,  in  cocoa-nut  oil  and  spermaceti.  It  may  be  produced  from  crude 
ethal  (cetyl  alcohol)  by  heating  with  a  mixture  of  potash  and  lime,  its  for- 
mation being  doubtless  due  to  the  presence  of  methal  or  myristic  alcohol  in 
the  crude  ethal  (p.  543)  : 

C14H30O    +    KHO    =    C^H^O^K    +     2H, 
Methal.  Potassium 

myristate. 

Lauric  acid  is  likewise  produced  by  a  similar  process  from  crude  ethal, 
doubtless  because  that  substance  also  contains  lethal  or  lauric  alcohol, 
C,^H,0. 

Pure  myristic  acid  is  most  easily  obtained  by  saponification  of  Otoba  fat 
(from  Myristiea  Otoba),  It  forms  white,  shining,  crystalline  laminao,  melt- 
ing at  53-8°  C.  (129°  F.).  It  is  quite  insoluble  in  vvuter  and  in  ether,  but 
dissolves  easily  in  hot  alcohol,  and  crystallizes  therefrom  on  cooling. 

The  myristates  of  the  alkali-metals,  Cj^H^yO^K,  &c.,  are  soluble  in  water, 
and  not  decomposed  thereby  (like  the  stearates).  The  other  myristates  are 
insoluble  or  sparingly  soluble,  and  are  obtained  by  precipitation. 

Myriftic  oxide,  or  Anhydride,  (C,^H.^O).^0,  is  obtained,  like  other  acid 
oxides  of  the  series,  by  the  action  of  phosphorus  oxychloride  on  potassium 
myristate.  It  is  a  fatty  substance,  having  a  somewhat  lower  melting  point 
than  myristic  acid.     It  is  slowly  saponified  by  boiling  caustic  potash. 

MyrittitL,  (C3Rsy^^{C^^}ljfl.X,  the  glyceride  of  myristic  acid,  is  obtained 
by  pressing  nutmegs  between  hot  plates,  exhausting  the  crude  fat  thus  ob- 
tained with  spirits  of  wine,  and  crystallizing  the  undissolved  portion  from 
boding  ether.     It  is  a  crystalline  fat  having  a  silky  lustre. 

Palmitio  Acid,  C,gHg.^Oj.  — This  acid  occurs  as  a  glyceride  (tripalmitin)  in 
many  natural  fats,  often  associated  with  stearin.     Palm-oil,  the  produce  of 

•  8m  Wattii*B  Dictiouary  of  Chemistry,  vol.  III.  p.  474. 
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EliM  gmanensis^  Chinese  tallow,  the  produce  of  the  taUow>tre«  (SiiiOmgU 
tebifera),  and  Japan  wax,  from  Rhu9  suecedania,  consist  mainly  of  tripalmitin* 
Palmitic  acid  is  easily  prepared  by  saponifying  palm-oil  with  caustic  poUsh, 
decomposing  the  soap  with  sulphuric  acid,  and  crystallizing  the  Mpftnted 
fatty  acid  several  times  from  hot  alcohol  till  it  exhibits  a  constant  melting 
point.  Chinese  tallow  may  be  saponified  with  alcoholic  potash,  and  Japan 
wax  by  fusion  with  solid  potassium  hydrate,  and  the  soap  treated  in  a 
similar  manner. 

Palmitic  acid  exists  also  as  cetyl  palmitate  (cetin),  CJi^fi^.CJilfg,  In 
spermaceti,  and  as  myricyl  palmitate  (melissin),  Ci^HgiO, .  CggHu,  in  bees*- 
wax.  It  is  produced,  together  with  acetic  acid,  by  melting  oleic  acid  with 
potassium  hydrate: 

^n^sfii    +    2K0H     =:     CrtHj.OjK     -f     C,H,0,K    +    H, 
Oleic  acid.  Palmitic  Acetic 

acid.  acid. 

Palmitic  acid  is  a  colorless,  solid  body  without  tast^  or  smell,  lighter 
than  water.  It  is  insoluble  in  water,  but  dissoWes  abundantly  in  boiling 
alcohol  or  ether.  The  solutions  are  acid,  and  when  concentrated,  solidifj 
in  a  mass  on  cooling.  When  dilute  they  yield  the  acid  in  tufts  of  slender 
needles.  It  melts  at  62^  C.  (144°  F. ),  and  solidifies  on  cooling  ins  mass 
of  shining  nacreous  laminsQ.  When  heated  in  a  dish,  it  boils  and  erapo- 
rates  without  residue,  and  may  be  distilled  almost  without  change.  When 
gently  heated  in  the  air,  it  is  but  slightly  altered,  but  at  higher  tempera- 
tures it  takes  fire,  and  burns  with  a  bright  smoky  flame  like  other  fate.  It 
is  attacked  by  chlorine  at  100°,  giving  off  hydrochloric  acid,  and  forming 
oily  substitution-products.  Heated  with  alcohols,  it  forms  compound 
ethers. 

Palmitic  acid  forms  normal  or  neutral  salts,  having  the  composition 
C,gHj|OjM  for  univalent,  and  (CigII,,02),M'^  for  bivalent  metals,  and  with 
the  alkali-metals  also,  acid  salts  analogous  to  the  acid  acetates.  The  normal 
palmitates  of  potassium  and  sodium  are  soluble  in  water  and  alcohol;  the 
rest  are  insoluble,  and  are  obtained  by  precipitating  a  metallic  salt  with 
an  alcoholic  solution  of  sodium  or  potassium  palmitate.  The  normalpota)- 
iium-ialty  CiflljiOgK,  obtained  by  melting  the  acid  with  potassium  carbonate, 
and  exhausting  with  boiling  alcohol,  crystallizes  in  pearly  scales.  Tbs 
acid  salty  CjgTIjjOjK.CijHjjOj.  is  precipitated  on  mixing  a  solution  of  1  part 
of  the  normal  salt  in  2U  parts  of  boiling  water  with  1000  parts  of  coM 
water.  The  barium-saU^  (Cii^^iiO^)^^^^^^  is  ^  white,  pearly,  crystalline 
powder;  the  magneiium-acdt^  (Ci6''^3i^^2)t^^S''»  i*  *  snow-white,  loose,  crys- 
talline precipitate. 

Ethyl  palmitate,  Cj-Hj.Oj.CjHj,  obtained  by  passing  hydrochloric  acid 
gas  into  a  saturated  alcoholic  solution  of  palmitic  acid,  crystallizes  in 
prisms,  and  melts  at  24°  (J.  (75°  F.). 

Glyceri/l  palmitates^  or  Palmitinn.  —  There  are  three  of  these  ethers— vix., 
monopalmitin,  (C3ir5)^'^(OH)j(C,eH5,02),  dipalmitin,  (OJii;)^''{pR)(Qy^Vi^Ot^t 
and  tripalmittn,  (C3lL)'^'(0',eH3,Oj)3.  The  first  and  second  are  obtained  by 
boating  palmitic  acid  with  glycerin  in  sealed  tubes;  the  third  by  heating  a 
mixture  of  1  part  of  monopalmitin  and  10  part«  of  palmitic  acid  to350**0. 
(482°  F.)  for  twenty-eight  hours.  They  are  all  crystalline  fats.  Tri- 
palmitin  thus  obtained  melts  at  46°  C.  (115°  F.).  Natural  palraitin,  obUined 
from  palm-oil  and  other  fats,  has  the  composition  of  tripalmttin,  but  ex- 
hibits three  isomeric  (or  rather  allotropic)  modifications  (like  those  of 
stearin),  melting  respectively  at  40°,  61-7°,  and  62-8°  C.  (115°,  142°,  H*^" 
F.);   the  first  appears  to  be  identical  with  artificial  tripalmitin. 

Palm-oil  comf>8  chiefly  from  the  coast  of  Africa.  It  has  when  fresh,  ft 
deep  orange-red  tint,  and  a  very  agreeable  odor:  the  coloring  matter— 
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the  nMore  of  which  is  unknown — is  easily  destroyed  by  exposure  to  light, 
especially  at  a  high  temperature,  and  also  by  oxidizing  agents.  The  oil 
melts  at  27°  C.  (80°  F.).  By  cautious  pressure  it  may  be  separated  into 
fluid  olein  and  solid  palmitin,  which,  when  purified  by  crystallization  from 
hot  ether,  is  perfectly  white.  By  keeping,  palm-oil  seems  to  suffer  a  change 
similar  to  that  produced  by  saponification  :  in  this  state  it  is  found  to  con- 
tain traces  of  glycerin  and  a  considerable  quantity  of  oleic  acid,  together 
with  palmitic  acid.  The  oil  becomes  harder  and  rancid,  and  its  melting 
point  is  raised  at  the  same  time. 

Kargario  Aeid,  C|yH,^0,.  —  This  name  was  formerly  applied  to  an  acid, 
intermediate  between  stearic  and  palmitic  acids,  supposed  to  be  produced, 
together  with  others,  by  the  saponification  of  natural  fats;  but  it  is  now 
restricted,  for  reasons  to  be  presently  mentioned,  to  an  acid  prepared  by 
a  definite  reaction — vis.,  by  the  action  of  boiling  alcoholic  potash  on  cetyl 
cyanide: 

C^H„CN      +      KOH      +      OH,      =      NH,      +      C„H„0,K 
Cetyl  '  Potassium 

cyanide.  margarate. 

The  solid  potassium  salt  thus  obtained  is  decomposed  by  boiling  dilute  hy- 
drochloric acid,  and  the  separated  margaric  acid  is  purified  by  precipitat- 
ing its  ammoniacal  solution  with  barium  chloride,  decomposing  the  pre- 
cipitate with  hydrochloric  acid  and  ether,  separating  the  ethereal  solution 
by  means  of  a  pipette,  and  distilling  off  the  ether.  It  forms  white  crystals, 
melting  at  59-9°  C.  (140°  F.),  and  is  intermediate  in  all  its  properties  be- 
tween palmitic  and  stearic  acids. 

The  so-called  margaric  acid,  obtained  by  the  saponification  of  natural 
fats,  and  regarded  by  Cheyreul  *  and  many  other  chemists  as  a  distinct 
acid  haying  the  composition  Ci^H^O,,  has  been  shown  by  Heintz  j*  to  be  a 
mixture,  resolrable  into  stearic  acid  and  other  fatty  acids  of  lower  melting 
points,  chiefly  palmitic  acid.  Such  mixtures  of  solid  fatty  acids,  or  of  the 
corresponding  glycerides,  cannot  be  completely  resolyed  into  their  constit- 
uent fats  by  crystallization  from  alcohol,  ether,  or  other  soWents,  which 
was  the  method  of  separation  resorted  to  in  the  earlier  investigations. 
The  only  effectual  method  of  separation  is  to  subject  the  alcoholic  solution 
of  the  acids  to  a  series  of  fractional  precipitations  with  acetate  of  lead, 
barium,  or  magnesium,  the  stearate  then  separating  out  first. 

Stearie  Aeid,  C^Hj^O,. — This  acid  was  discovered  by  Cheyreul  as  a  con- 
stituent of  the  more  solid  fats  of  the  animal  kingdom.  It  is  most  abun- 
dant in  these,  especially  in  beef-  and  mutton-suet ;  but  exists  also,  together 
with  palmitic,  myristic  acid,  &c.,  in  the  softer  fats,  such  as  the  butter  of 
cow's-milk,  human  fat,  that  of  the  goose,  of  serpents,  of  cantharides,  and 
in  ivpermaceti.  It  occurs  also  in  vegetable  fats,  especially  those  of  cacao- 
beans,  of  the  berries  of  Cocculus  indicun,  and  in  shea-butter,  obtained  from 
the  nuts  of  Bastia  Parkii^  a  tree  growing  in  West  Africa.  In  all  these  fats 
it  occurs  as  a  glyceride,  but  in  that  of  cocculus  grains  also  in  the  free 
state. 

Stearic  acid  is  prepared  from  beef-  or  mutfon-fuet,  or  better  from  eae<io-fat, 
by  saponifying  the  fat  with  soda-lye,  heating  the  soap-paste  with  water 
and  dilute  sulphuric  acid,  removing  the  separated  fatty  acids  after  cooling, 
washing  them  with  water,  and  then  dissolving  them  in  as  small  a  quantity 
as  possible  of  hot  alcohol.  On  cooling,  the  greater  part  of  the  solid  acid 
separates  out,  while  the  oleic  acid  remains  in  solution,  and  may  be  sepa- 

*  Reeherchei  ntr  lex  eorpt  grot  ^nrigine  animate.    Paris,  1823. 

t  for  rtfarences  to  H«ints*i  memoim,  see  Gmelin*fi  llaDilbook,  vol.  zvf.  p.  848. 
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rated  by  subjecting  the  mass,  after  draining,  to  strong  pressure,  rcdisaoW- 
ing  the  residue  in  a  small  quantity  of  alcohol,  leaving  it  to  separate  bj 
cooling,  and  again  pressing  the  solid  mass.  From  the  mixture  of  eolid 
fatty  acids  thus  obtained,  the  stearic  may  be  separated,  in  a  compar&UTely 
pure  state,  by  repeated  crystallization  from  considerable  quantities  of 
alcohol,  only  the  portion  which  first  separates  being  each  time  collected. 
But  to  obtain  pure  stearic  acid,  it  is  better  to  dissolve  the  impure  stearic 
acid  (4  parts),  melting  at  about  (H)^  C.  (140°  F.),  in  such  a  quantity  of  hot 
alcohol  that  nothing  will  separate  out  on  cooling,  even  to  0^,  and  mix  the 
hot  liquid  with  a  boiling  alcoholic  solution  of  magnesium  acetate  (1  part). 
The  magnesium-salt  which  separates  on  cooling,  is  pressed  and  boiled  for 
some  time  with  a  large  quantity  of  dilute  hydrochloric  acid,  and  the  stearic 
acid  thereby  separated  is  repeatedly  crystallised  from  alcohol,  till  it  melts 
constantly  at  69°  to  70°  C.  (156°-168°  F). 

Stearic  acid  is  also  easily  prepared  from  the  fat  of  cocculns-berriea, 
which  consists  mainly  of  stearin,  by  saponifying  it  with  potash,  &c.  Ac- 
cording to  Buff  and  Oudemanns,*  the  best  material  for  the  preparation  of 
stearic  acid  is  ihea-butter^  which  contains  about  70  per  cent,  stearic,  and  30 
per  cent,  oleic  acid,  but  no  other  solid  fatty  acid. 

On  the  large  scale,  impure  stearic  acid  is  prepared  for  the  manufacture 
of  stearin-candles,  by  saponifying  some  of  the  harder  fats,  generally  with 
lime.  The  resulting  lime-soap,  decomposed  by  sulphuric  acid,  yields  a 
mixture  of  fatty  acids,  which  are  pressed,  first  in  the  cold,  and  afterwardii 
at  a  higher  temperature,  in  order  to  separate  the  oleic  acid  from  the  lee? 
fusible  palmitic  and  stearic  acids.  Another  method,  applied  chiefly  to 
palm-oil,  consists  in  decomposing  the  fat  with  superheated  steam,  as  de- 
scribed under  Gltoerin  (p.  667).  A  third  method  consists  in  treating  the 
fat  with  sulphuric  acid,  and  distilling  the  product. 

Pure  stearic  acid  crystallizes  from  alcohol  in  nacreous  lamina  or 
needles  ;  it  is  tasteless  and  inodorous,  and  has  a  distinct  acid  reaction.  At 
low  temperatures  it  is  heavier  than  water,  having  a  specific  gravity  of  IK)! 
atO°;  but  between  9°  and  10°  C.  (48°-50°F.),  its  specific  gravity  is  the 
same  as  that  of  water.  It  melts  at  69°-69'2°  C.  (156°  F.)  to  a  colorless 
oil,  which  on  cooling  solidifies  to  a  white,  fine,  scaly,  crystalline  masf, 
lamino-crystalline  on  the  fractured  surface.  When  heated  it  distils,  for 
the  most  part,  without  alteration.  Chlorine  converts  it  into  chlorostearic 
acid,  CigHg-ClO,.  Heated  with  bromine  and  water  in  a  sealed  tube,  it  is 
converted  into  bromostearic  acid,  CigHg^BrO^  and  dibromoste&rie  scid, 
CjgHj^BrjOj. 

Stearatea. — Stearic  acid  dissolves  in  a  cold,  aqueous  solution  of  alkalise 
carbonate,  probably  from  formation  of  acid  carbonate,  and  does  not  eipel 
the  carbonic  acid  and  form  a  mono-acid  salt,  till  heated  to  about  100^.  0^ 
the  other  hand,  the  stearates  are  decomposed  by  most  other  acids,  the 
separated  stearic  acid  rising  to  the  surface  as  an  oil  when  the  liquid  is 
warm.  The  stearates  have  the  consistence  of  hard  soaps  and  plasters,  sD«i 
are  mostly  insoluble  in  water.  The  normal  potaatium-aaU,  CjgHj^OjK,  sept- 
rates  on  cooling  from  a  solution  of  1  part  stearic  acid  and  1  part  potassium 
hydrate  in  10  parts  of  water,  in  white  opaque  granules.  The  add  talU 
C|gH,jO,K .  C,gHyO,,  is  obtained  by  decomposing  the  normal  salt  wit]|,10(K) 
parts  or  more  of  water,  and  separates  in  silvery  scales  from  eolation  in 
boiling  alcohol.  Normal  sodium  stearaie,  CiglljjOjNa,  is  very  much  like  the 
potassium -salt,  but  harder.  The  acid  Halt,  CjgHj^OjNa.  CjgHjjO^  obtained 
by  decomposing  the  normal  salt  with  2000  parts  or  more  of  water,  sepa- 
rates from  the  hot  solution  in  nacreous  laminoe.  The  stearates  of  the 
earth-metals  and  heavy  metals  are  insoluble  in  water,  and  are  obtained  by 
precipitation. 

•  Journal  fllr  prnktlsche  Chpmfe,  Ixxxiz.  2ia 
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Soapt  consist  of  mixtures  of  the  sodium  or  potassium-salts  of  stearic, 
palmitic,  oleic,  and  other  fatty  or  oily  acids,  and  are  produced  by  saponifying 
tallow,  oliye  oil,  and  other  fats  with  caustic  alkalies.  The  soda-soaps  are 
c^WeA  hard  Boap9 :  they  separate  from  the  alkaline  liquor,  on  addition  of 
eommon  salt,  in  hard,  unctuous  masses,  which  are  the  soaps  in  common 
use:  this  mode  of  separation  is  called  aalting  out  The  potash  soaps,  on 
the  other  hand,  cannot  be  thus  separated ;  for  on  adding  salt  to  their  solu- 
tion, they  are  decomposed  and  conyerted  into  soda-soaps ;  but  they  are  ob- 
tained in  a  semi-solid  state  by  evaporating  the  solution.  The  products, 
called  9ofl»oap^  always  contain  a  considerable  excess  of  alkali,  and  are  used 
for  cleansing  and  scouring  when  a  powerful  detergent  is  required. 

Stearic  ethers  are  formed  by  heating  stearic  acid  with  alcohols,  mon- 
atomic  or  polyatomic.  Ethyl  etearate^  ^is'^as^a  *  ^s^S'  ^^  most  easily  obtained 
by  passing  hydrochloric  acid  gas  into  an  alcoholic  solution  of  stearic  acid. 
It  resembles  white  wax,  is  inodorous  and  tasteless,  melts  at  80®  C  (86°  F.), 
and  cannot  be  distilled  without  decomposition.  It  is  readily  decomposed 
by  boiling  with  caustic  alkalies.  There  are  three  glyceryl  etearatee  or  atearinsj 
analogous  in  composition  to  the  palmitins:  Monostearin,  iG^Tl^y^^(OH\ 
(C).HmO,),  prepared  by  heating  a  mixture  of  equal  parts  or  stearic  acia 
and  glycerin  to  200°  C.  (892°  F.),  in  a  sealed  tube  for  86  hours,  forms  very 
small  white  needles,  melting  at  61°  C.  (142°  F),  and  solidifying  again  at 
60°C.  (140°F.).  — />M<«arin,  {C^H^y^^OlUC^^U^O^),  obtained  by  heating 
monostearin  with  8  parts  of  stearic  acid  to  2G(J°  C.  (600°  F.),  for  three  hours, 
forms  white  microscopic  laminte,  melts  at  68°  C.  (186°  F.),  and  solidifies 
at  55°  C.  (131°  F.).  —  Triatearin  is  prepared  by  heating  monostearin  with  15 
to  20  times  its  weight  of  stearic  acid  to  270°  C.  (61d°  F.),  for  three  hours 
in  a  sealed  tube ;  also  from  various  solid  natural  fats  by  solution  in  ether 
and  repeated  crystallization  from  the  hot  solution.  It  crystallizes  in  masses 
of  white  pearly  laminoa  or  needles,  inodorous,  tasteless,  neutral,  and  vola- 
tiliiing  without  decomposition  under  reduced  pressure.  Both  natural 
and  artificial  tristearin  exhibit  three  isomeric  or  allotropic  modifications. 
Stearin,  separated  from  ether,  melts  at  69-7°  C.  (157°  F.) ;  but  if  heated  to 
78*7°  C.  (164°  F.),  or  higher,  and  then  cooled,  it  does  not  solidify  till  cooled 
to  51-7°  C.  (124°  F.).  It  is  solid  below  52°  C.  ( 125°  F.),  but  melts  at  that 
temperature,  and  if  heated  a  few  degrees  higher,  passes  into  a  third  modi- 
fication, which  does  not  melt  below  64-2°  C.  (148°  F. ).* 

Arachidio  Aoid,  C20H40O2,  is  a  fatty  acid  obtained  by  saponification  of  oil 
of  earth-nut  (Arachw  hypogsea\.  It  crystallizes  in  very  small,  shining  scales, 
melis  at  75°  C.  (167°  F),  and  solidifies  again  at  78  5°  C.  n64°F.),  to  a  ra- 
diated crystalline  mass.  It  is  but  slightly  soluble  in  cola  alcohol  of  ordi- 
nary strength,  but  dissolves  easily  in  boiling  absolute  alcohol  and  in  ether. 

The  %ilver^alt;  ^^Hs^OjAg,  is  a  white  precipitate,  which  separates  from 
boiling  alcohol  in  sligatly  lustrous  prisms,  not  altered  by  exposure  to  light. 
Ethifl  araehidatej  CjqHjqO,  .  CjHj,  is  a  crystalline  mass,  melting  at  62*5°  C. 
(126°  P.).  Berthelot  has  obtained  three  glyceryl  arachidatcs  or  arachma^ 
analogous  to  the  stearins,  by  heating  the  acid  with  glycerin  in  sealed  tubes. 

B^ie  or  Behenio  Aoid,  C21H42O,.  is  obtained,  together  with  other  acids, 
by  saponification  of  oil  of  ben,  the  oil  expressed  from  the  fruits  of  Moringa 
Kuz  Behen.  It  is  a  white  crystalline  fat,  melting  at  76°,  and  solidifying  at 
70°C.  (168°F.). 

Cerotic  Acid,  CsjH^O,. — This  acid  is  the  essential  constituent  of  eerin,  the 
portion  of  bees*-wax  which  is  soluble  in  boiling  alcohol.  It  is  prepared  by 
heating  the  wax  several  times  in  succession  with  boiling  alcohol,  till  the 

•  Duffy y  Chfm.  80c.  Journal,  vol.  t.,  pp.  197,  303. 
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or  72"  C.  (^1M°-1BB°  P.).  "d 
D  the  boiling  ilcoholie  tolu- 
lUte  with  ttrong  ■Miic  »rid. 


IDce  wilh  potuh, 

la  (p.  5)3). 

It  t8=C,(172"P.). 


deposit,  which  forms  on  cooling,  mclla 

may  be  further  purified  by  precipitating 

tion  wilh  lend  acetate,  decomposing  the  precipitate 

and  crystBlUiing  the  separated  acid  froto  boiliog  a 

bIeo  produced  by  (he  dry  dialillaiion  of  Chinese 

ceryl  eerotate,  C„H„0, .  C„[l„.  or  by  meUing  that 

and  decomposing  the  resulting  potiissi  urn -salt  with 

Pure  cerotic  acid  cryBtalliien  in  auatl  grains,  me 
and  distilling  without  alteration.     Chlorine  c 
acid,  Cj,H^l„Oy  a  thick  Iransparenl  gum  of  a  pale-yellow  color. 

Ccryl  txrotau,  or  Chineie  vmz.  is  produced  on  certain  trees  in  China  by  the 
puQclure  of  a  Bpecies  of  eomu.  It  is  crystalline,  of  a  daiiling  whitened, 
like  spertDBceli,  melts  at  82°  C.  (180°  F.) ;  diisoWes  in  alcohol;  yietda 
cerotic  acid  and  cerylene,  Cy,U^,  by  dry  diatillation.  It  is  naed  in  China 
for  making  candles. 

XeUiiio  Aeid,  C,aHf,Op  the  highest  known  member  of  the  fatty  leriei,  ii 
obtained  by  beating  myrioyi  alcohol  (p.  543}  with  potash  lime: 

Cj,H„0,        +        KOH 

alcohol.  melJBsate. 

It  beara  considerable  resemblance  to  cerotic  acid,  but  melta  at  a  higher 
temperature,  *ii..  atSS"  or  S,V  C.  {H(0=-lfl2°  P.).  The lavrr-Mall, C^^^ 
is  a  while  precipitate. 


C„H„0,K 


This  Bi 


Konatomic  Adds  of  the  Saria*  C^E 


_,0r— Aai7UeflniM. 


an  isomeric  groups  of  acids :  the  one  conei^tiDg 
vegetable  or  animal  orgHniiim,  or  obtained  from 
natural  products  by  special  proceseeg  ;  the  other  of  acids  formed  by  a  (!«>' 
cral  synthetical  process ;  we  shall  dreignate  the  acids  of  the  first  group  u 
normal  acrylic  aadt,  those  of  the  second  as  iioacrylic  acidt. 


The  following  i 
Acrylic  aeid  . 
Crotonic  acid 
Angelic  acid  . 
Pjrolerebic  acid 
1  Dsmaluric  aeid 
IDamotic  acid 
Moringio  acid  'I 
Cimicio  acid    / 


A'omat  Aerylk  Acidi, 
•e  the  known  acids  of  this  group; 

"    '^iii^l?'    Phj«etoleic  acid  1 
iDnltHPi     Hypognic  acid    > 


acid  \ 
KlaWie  acid  / 
Doeglic  aeid 
Brassic  BCiif 
Erucic  acid 


Most  of  thei 

they  yield  the  potassium-Bnlt  of 
series,  with  elimination  of  hydrogen,  thus: 

C,n,0,  +     2K0H    =     C,H,KO, 
Acrylio  A  eel  ate. 

Ci"A  +     2K0H     ^    C,H,KO, 
Angel  io  Acetate. 


?}    ■     ■ 

When  fused  wilhpolat 


C„H.O, 
C„H„0, 
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Oleic  acid. 


4-     2K0H 


==    C,H,KO,    -f-       C„H,iKO,       +     H, 
Acetate.  P&lmitate. 


Generally : 

CbH^_,0,    +     2K0H    =    C,H,KO,    +    Cb_,H^_^KO,    +     H, 
They  are  also  conyerted  into  fatty  acida  by  the  action  of  nascent  hydrogen ; 

C,H«0,        4-        H,        =        C.HgO, 
"  Butyric 


Crotonic 
acid. 


acid. 


Aerylio  Aeid,  C^H^O,.  is  produced  by  the  oxidation  of  its  aldehyde,  acro- 
lein, CjH^O,  with  moist  silver  oxide.  It  is  a  colorless  liquid,  having  a 
slightly  empyreumatic  odor,  and  miscible  in  all  proportions  with  water. 
Its  salts  resemble  the  formates  and  acetates,  and  are  for  the  most  part  very 
soluble  in  water. 

Acrylic  acid  is  converted  by  nascent  hydrogen  into  propionic  acid, 
CjHfOp  and  by  bromine  into  dibromopropionic  acid,  CjH^Br^O,. 

Crotonie  Aeid,  C^H^O,,  is  produced  by  saponification  of  the  oil  of  Croton 
Ti^Uum.  It  is  an  oily  liquid,  having  a  somewhat  pungent  odor  and  an  acrid 
taste,  moderately  soluble  in  pure  water,  insoluble  in  saline  water.  Heated 
with  potassium  hydrate  it  gives  off  hydrogen  and  forms  two  molecules  of 
potassium  acetate : 


CiHgO,        +        2K0H        =        2C3H,K0,        + 


H, 


Angelio  Aoid,  C^HgO,,  exists  in  the  root  of  the  archangel  {Angelica  arch- 
angeliea)^  and  in  sumbul  or  moschus  root,  a  drug  imported  from  Asia  Minor, 
and  probably  also  belonging  to  an  umbelliferous  plant.  It  is  obtained  from 
archangel-root,  by  boiling  the  root  with  lime  and  water,  and  distilling  the 
strained  and  concentrated  liquid  with  dilute  sulphuric  acid.  It  is  also  pro- 
duced by  heating  the  essential  oil  of  chamomile,  which  consists  of  angelio 
aldehyde  together  with  a  hydrocarbon,  with  potassium  hydrate : 

Qfifi        -f        KOH        =        CyllyKO,        +         H,. 

Also,  together  with  oreoselin,  by  treating  peucedanin  or  imperatorin  (a 
neutral  substance  contained  in  the  root  of  Imperatoria  O^truthvum^  and  some 
other  umbelliferous  plants),  with  alcoholic  potash: 


C„H.,0,        + 
Peucedanin. 


KOH        = 


CfiH,KO, 

Potassium 

angelate. 


+        C,H,0, 
Oreoselin. 


Angelic  acid  crystallizes  in  long  prisms  and  needles,  melts  at  45^0.  (118^ 
F.),  boils  at  190°  C.  (874°  F.),  and  distils  without  decomposition.  It  has 
an  aromatic  taste  and  odor,  dissolves  sparingly  in  cold,  abundantly  in  hot 
water,  also  in  alcohol  and  ether. 

The  angelates  of  the  alkali-metals  &re  soluble  in  water  and  in  alcohol. 
Calcium  angelate^  (Qfifi^fi^,^',  Aq.,  forms  shining,  very  soluble  laminas. 
The  Uad'salt,  (C5H,0j),Pb'^  is  a  white  precipitate. 

Potassium  angelate  treated  with  phosphorus  oxychloride  yields  angelio 
oxide,  or  anhydride,  fC^ll.Oj.O,  which  is  a  viscid  uncrystallizable  oil,  boil- 
ing at  240°  C  (464°  J*.). 

Pyroterebic  actd,  CjlIjeO,,  is  produced  by  dry  distillation  of  terebic  acid, 
C^HjqO^  (one  of  the  products  of  the  action  of  nitric  acid  on  turpentine  oil). 
It  is  a  liquid,  boiling  at  210°  C.  (410°  F.),  —  Damaluric  acid,  C^H^C^  and 
Damolic  acid,  C^H^O,,  are  volatile  acids,  said  to  exist  in  the  urine  of  cows 
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and  horses.  —  Moringie  add,  ^u^tflr  '^^  "-^  ^^^7  ^^^^  obtained,  together  frith 
palmitic,  stearic,  and  benio  acids,  by  the  saponification  of  oil  of  ben  (p. 
625).  —  Cimieie  aeid  is  a  yellow  crvstallizable  acid,  having  a  rancid  odor, 
extracted  by  alcohol  and  ether  from  a  kind  of  bug  {Rapkigatter  fwneti- 
permit), 

Eypogsic  Aoid,  CifHjoO,,  is  contained,  as  a  glyceride,  together  with  psl- 
mitin  and  arachin,  in  oil  of  earth-nut  {Araehis  hypogitay  To  obtain  it,  the 
mixture  of  fatty  acids  obtained  by  saponifying  the  oil,  is  dissolved  in  alco- 
hol; the  palmitic  and  arachidic  acids  are  precipitated  by  ammonia  and 
magnesium  acetate;  the  filtrate  is  mixed  with  ammonia  and  lead  acetate: 
the  lead  precipitate  is  decomposed  by  hydrochloric  acid;  and  the  separated 
hypog»io  acid  is  dissolved  out  by  ether.  It  is  also  produced  by  oxidation 
of  axinic  acid  (CiglljgOj),  an  acid  obtained  by  saponification  of  age  or  ozxn, 
a  fatty  substance  contained  in  the  Mexican  plant  Coccus  Azin.  —  Hypogteie 
acid  crystftllizcs  from  ether  in  stellate  groups  of  needles,  melting  at  S4**or 
85^  C.  (93^-95®  F.),  easily  soluble  in  alcohol  and  ether.  Its  potagtmm  and 
sodium  gaits  are  soluble  in  water,  the  barium  salt  is  soluble  in  hot,  insoluble 
in  cold  water;  the  copper  and  silver  salts  are  obtained  by  precipitation. 
The  ethylic  ether,  Ci^HjgOg .  C,Hf ,  is  a  yellow  oil,  not  volatile  without  decom- 
position. 

Nitrous  acid  converts  hypogseic  acid  into  the  isomeric  or  allotropie  com- 
pound, Ga'idie  acid^  related  to  it  in  the  same  manner  as  elaidic  acid  to  oleic 
acid.     It  forms  a  colorless  crystalline  mass  which  melts  at  38*^  C.  (100°  F.). 

Physetolric  aeid^  a  crystalline  acid  obtained  from  sperm-oil,  is  isomeric,  if 
not  identical,  with  hypogeeio  acid;  it  melts  at  80°,  and  solidifies  at28°C. 
(82°  F.). 

Oleic  Acid,  Cj^Hg^O^  —  This  acid,  the  most  important  of  the  series,  is  ob- 
tained by  saponification  of  olein,  the  fluid  constituent  of  most  natural  fats 
and  fixed  oils. 

To  obtain  pure  oleic  acid,  olive  or  almond  oil  is  saponified  with  potash; 
the  soap  is  decomposed  by  tartaric  acid ;  and  the  separated  fatty  acid,  after 
being  washed,  is  heated  for  some  liours  in  the  water-bath,  with  half  its 
weight  of  lead  oxide  previously  reduced  to  fine  powder.  The  mixture  is 
then  well  shaken  up  with  about  twice  its  bulk  of  ether,  which  dissolves  the 
oleate  of  lead  and  leaves  the  stearate ;  the  liquid  after  standing  for  some 
time  is  decanted  and  mixed  with  hydrochloric  acid;  the  oleic  acid  thereby 
.  eliminated  dissolves  in  the  ether,  and  the  ethereal  solution,  which  rises  to 
the  surface  of  the  water,  is  decanted,  mixed  with  water,  and  freed  from 
ether  by  distillation. 

Large  quantities  of  crude  oleic  acid  are  now  obtained  in  the  manufacture 
of  stearin-candles,  by  treating  with  dilute  sulphuric  acid  the  lime-sosp 
resulting  from  the  action  of  lime  upon  tallow.  The  fatty  acids  resulting 
from  the  decomposition  are  washed  with  hot  water,  and  solidify  in  a  muss 
on  cooling;  and  this  mass,  when  subjected  to  pressure,  yields  a  liquid  rich 
in  oleic  acid,  but  still  retaining  a  considerable  quantity  of  stearic  acid. 
After  remaining  for  some  time  in  a  cold  place,  it  deposits  a  quantity  of 
solid  matter,  and  the  liquid  decanted  from  this  is  sent  into  the  market  as 
oleic  acid  or  red  oil.     It  may  bo  purified  by  the  process  just  described. 

Oleic  acid  crystallizes  from  alcoholic  solution  in  dazzling  white  needles, 
melting  at  14°  C.  (67°  F.)  to  a  colorless  oil,  which  solidifies  at4°C.  (39"  F.) 
to  a  hard,  white  crystalline  mnss,  expanding  considerably  at  the  same  time. 
Specific  gravity  =  0-808  at  19°  C.  (Or.o  F.).  The  acid  volatilizes  in  a  ta- 
cuum  without  decomposition.  It  is  tasteless  and  inodoroufi,  and  reacts  neu- 
tral when  unaltered  (not  oxidized),  also  in  alcoholic  solution.  It  is  insoluble 
in  water,  very  soluble  in  alcohol,  and  disHolves  in  all  proportions  in  ether. 
Cold  strong  sulphuric  acid  dissolves  it  without  decomposition.     It  dissolves 


OLBIC   AND   ISO-ACBTLIC   ACIDS.  629 

«oUd  fkts,  stearic  acid,  palmitic  acid,  &c.,  and  is  dissoWed  by  bile,  with 
formation  of  a  soap  and  strong  acid  reaction. 

Oleic  acid,  in  the  solid  state,  oxidizes  but  slowly  in  the  air;  but  when 
melted,  it  rapidly  absorbs  oxygen,  acquiring  a  rancid  taste  and  smell  and 
a  decided  acid  reaction.  Its  decomposition  by  fusion  with  potash  has  been 
already  mentioned.  Chlorine  and  bromine^  in  presence  of  water,  conyert  it 
into  dichloroleic  and  dibromoleic  acid.  Bromine,,  added  by  drops  to  fused 
oleic  acid,  forms  tribromoleic  acid,  C^IIgiBrjO,. 

Strong  nitric  acid  attacks  oleic  acid  with  violence,  giTing  off  red  nitrous 
Tapors,  and  producing  volatile  acids  of  the  series  CqH^O,,  viz.,  acetic,  pro- 
pionic, butyric,  valeric,  caproic,  oenanthylic,  caprylic,  pelargonic,  and  rutic 
acids;  also  fixed  aci^s  of  the  series  CoH,q_^0,,  viz.,  suberic,  pimelic,  adipic, 
Itpie,  and  azelaic  acids,  the  number  and  proportion  of  these  products  vary- 
ing with  the  duration  of  the  action. 

Nitrou9  add  converts  oleic  acid  into  a  solid  isomeric  or  allotropic  modifi- 
cation, called  elaidic  acid. 

OUatet. — The  formula  of  the  neutral  oleates  isCjgHgOLM,  or  (CjgHgO,),M^^, 
according  to  the  equivalence  of  the  metal;  there  are  likewise  acid  oleates. 
The  neutral  oleates  of  the  alkali-metals  are  soluble  in  water,  and  not  so  com- 
pletely precipitated  from  their  solutions  by  the  addition  of  another  soluble 
salt,  as  the  stearates  and  palmitates.  The  acid  oleates  are  liquid  and  in- 
soluble in  water.  The  oleates  dissolve  in  cold  absolute  alcohol  and  in 
ether,  a  property  by  which  they  may  be  distinguished  and  separated  from 
the  stearates  and  palmitates. 

OUint.  — Oleic  acid  forms  three  glycerides,  viz.,  monolein,  {Cfi^^'\OVi) 
(CteH»0,);  diolein,  (C,H.)''(0H)(C,8H„0,),;  and  triolein,  (C,H,)'/^(C,8H„ 
O3),,  which  are  produced  by  heating  oleic  acid  and  glycerin  together  in 
sealed  tubes  in  various  proportions.     The  first  two  solidify  at  about  15^. 

The  olein  of  animal  fats,  and  of  olive  oil  and  several  other  oils,  both  ani- 
mal and  vegetable,  which  do  not  dry  up  in  the  air  by  slow  oxidation,  but 
are  converted  into  viscid  masses  having  a  rancid  odor  and  acid  reaction 
fnon-drying  oils),  appears  to  be  identical  with  triolein,  but  there  is  great 
aifficulty  in  obtaining  it  pure.  Olive  oil,  cooled  to  4®  C.  (89®  F.)  or  a  lower 
temperature,  deposits  a  large  quantity  of  solid  fat,  consisting  mainly  of 
palmitin  (originally  called  marffarin,  from  its  pearly  lustre),  and  the  oil 
filtered  therefrom  consists  mainly  of  olein.  A  purer  olein  is  obtained  by 
treating  olive  oil  with  a  cold  strong  solution,  of  caustic  soda,  which  saponi- 
fies the  solid  fats,  and  leaves  the  olein  unaltered.  Olein,  subjected  to  dry 
distillation,  yields  gaseous  products,  liquid  hydrocarbons,  acrolein,  and 
sebio  acid. 

Some  non-drying  oils  contain  the  glycerides  of  acids  homologous  with 
oleic  acid  ;  such  is  the  case,  as  already  observed,  with  croton-oil,  earth-nut 
oil,  and  sperm-oil.  Doegling  train-oil,  obtained  from  the  doegling  or  bottle- 
nosed  whale  (BaUena  rostrata^j,  yields  doe^lic  acid,  C,gH,gO,.  Colza-oil,  ob- 
tained from  the  seeds  of  certain  species  of  Brassica,  especially  the  summer 
rape  or  colza,  Brastica  campestris,  var.  oleifera,  yields  bra98ic  acid,  C„H^,0, ; 
and  the  oil  of  black  mustard-seed  yields  a  similar  and  probably  identical 
acid,  called  crude  acid. 

Drying  oils,  such  as  linseed  and  poppy  oils,  and  castor-oil  which  is  a 
non-drying  oil,  contain  the  glycerides  of  acids  belonging  to  other  series, 
which  will  be  noticed  hereafter. 


Ito-acrylie  Adds, 

Acids  isomerio  with  the  natural  acrylic  acids  are  produced  by  abstraction 
of  the  elements  of  water  from  certain  acid  ethers,  having  the  composition 
63* 
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of  oxalic  acid  in  which  one  atom  of  oxygen  is  replaced  bj  two  equiYakntB 
of  an  alcohol-radical  of  the  series,  Ca  H^q^^: 

CH,  CH.CHj  CHjCH, 

HO— C=0       HO— C— Cn,       HO— C— CH,       H0-<:— CH^CH, 

HO— C=0       HO— C=0  HO-i:=0  HO— C=0 

Oxalic  acid.    Dimethoxalio  Ethometh-  Diethoxalic 

acid.  oxitlic  acid.  acid. 

Now,  when  the  ethylio  ethers  of  these  acids  are  treated  with  phosphoric 
oxide  or  phosphorus  trichloride,  they  give  up  a  molecule  of  water  (OH,), 
at  the  expense  of  one  of  the  molecules  of  hydroxyl  (OH)  and  an  atom  of 
hydrogen  abstracted  from  one  of  the  monad  alconol-radicals,  which  is 
thereby  converted  into  a  dyad  radical  (an  olefine)  capable  of  saturating  the 
unit  of  equivalence  of  the  carbon-atom  set  free  by  abstraction  of  the  hy* 
droxyl.     The  product  is  the  ethylic  ether  of  an  iso-acrylio  acid ;  thus, 

CH, 

HO— C— CH,  H,C=C— CH, 

J  -        OH,        =  I 

HjCjO— C=0  H,C,0— C=:0 

Ethylic  dimeth-  Ethylic  methyl- 

oxalate.  acrylate. 

The  ethylic  ether  thus  formed  is  converted  into  meth acrylic  acid  by  saponi- 
fication with  potash  in  the  usual  way.  In  this  manner  the  following  iso- 
acrylic  acids  have  been  obtained : 

C(CH,)(CH,)'/ 
Methacrylio  acid  ...  I  isomeric  with  Crotonic  acid 

COOH 

C(CH,)(C,HJ'' 
Methylcrotonio  acid.  I  "  Angelic  acid 

COOH 

C(C,H,)(C,H4)'' 
Ethylcrotonic  acid .  .  |  «  Pyroterebic  acid 

COOH 

The  actual  formation  of  the  ethers  of  these  acids,  by  the  action  of  phos- 
phoric oxide  and  phosphorous  chloride  on  the  oxalic  compounds  above 
mentioned,  takes  place  in  the  manner  shown  by  the  following  equations: 

C(OH)(CH,)(C,H,)  C(CH,)(C,H,)/' 

I  -f  PA  =  I                         +    2P0,H 

COOCjIIg  COOC^j 

Eihyhc  ethometh-  Phosphoric  Ethylic  methyl-    Metaphos- 

oxalate.  oxide.              crotonate.         phoric  acid. 

C(OH)(C,H,),  C(C,H,)(C,HJ^'' 

8  +     2PC1,  =.8  1                         -I-    P,0,+6Ha 

COOCjHc  COOC.H, 

Ethylic  dieth-  Phosphor-          Ethylic                      Phosphor- 

oxalate.  ous  chloride,     ethyl-crotonate.             ous  acid. 

The  iso-acrylic  acids,  when  fused  with  potassium  hydrate,  are  converted, 
like  the  normal  acrylic  acids,  into  two  acids  of  the  acetic  series.  The  dyad 
radioal  of  the  iso-acrylic  acid  is  displaced  by  two  atoms  of  hydrogen  de- 
rived from  two  molecules  of  potassium  hydrate  (2K0H),  and  enters  into 
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combination  with  two  atoms  of  oxygen;  and  at  the  same  time  the  two 
atoms  of  potassium  displace  the  basic  hydfogeu-atoms  of  the  two  acids  thus 
produced,  conTerting  them  into  potassium-salts,  and  expelling  the  hydro- 
gen as  gas;  thus: 

C(CH,)^'CH,  CHjCH,  H 

f  +    2K0H  =1  -f    I  +    H, 

COOH  COOK  COOK 

Meth  acrylic  Propionate.         Formate, 

acid. 

C(CA)//CH,  CH,CH,  CH, 

I  -f  2K0H  =1  +1  +    H, 

COOH  COOK  COOK 

Methyl-cro-  Propionate.        Acetate, 

tonic  acid. 

C(C,H,)//C,H,  CH,C,H,    CH, 

I  +  2K0H  =1  +1      +  H, 

COOH  COOK      COOK 

Ethyl-cro-  Butyrate.  Acetate. 

tonic  acid. 

The  normal  acrylic  acids  are  decomposed  by  potash  in  a  similar  manner, 
yielding  two  acids  of  the  series,  Cn  HsbO,  ;  but  one  of  these  is  always  acetic 
acid.     Hence  it  is  inferred  that  they  have  a  constitution  represented  by 

C(C,Hja)'^H 

the  formula  I  ,  and  that  their  decomposition  by  potash  is  rep- 

COOH 

resented  by  the  equation : 

C(CnH^)^'H  CH,                   C._iH^_i 

I                      +    20H,  =      1  +1                     +    H, 

COOH  COOH               COOH 

Iso-acrylio  Acetic          Homologue  of 

acid.  acid.             acetic  acid. 

The  formulse  of  the  indiyidual  acids  are  as  follows : 

CH(CH,)'^    CH(C^J^'    CH(C,He)'^    CH(C4H8)'''       CH(C^H„) 

COOH  COOH  COOH  COOH  "  '  COOH 

Acrylic.        Crotonio.         Angelic.      Pyroterebic.  Oleic. 

It  is  easily  seen  from  these  formulas  that  orotonic  acid,  when  decomposed 
by  an  alkali,  must  yield  two  molecules  of  acetic  acid;  and  that  the  other 
acids  above  formulated  must  yield  acetic  acid  together  with  formic,  pro- 
pionic, butyric,  and  palmitic  acids  respectively. 

An  acid  isomeric  with  crotonic  acid,  and  differing  from  methacrylic  acid, 
has  been  obtained  by  boiling  allyl  cyanide  with  caustic  potash : 

CsHjCN     4-    KOH     +     OH,    =    NH,    +    C^HjKO, 

CH(CH,)'^ 

Frankland  assigns  to  this  acid  the  composition  CH, 

COOH 

There  is  also  an  acid  called  eampholie  acid,  C,qH,jO,,  produced  by  heating 
common  camphor,  Cj^H^O,  with  potaspium  hydrate.  It  cannot  be  included 
in  either  of  the  series  of  acrylic  acids,  inasmuch  as  it  does  not  exhibit  the 
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reactions  of  either.  It  is  a  white  crystalline  body,  insoluble  in  water, 
soluble  in  alcohol  and  ether,  decomposed  by  distillation  with  phosphohe 
oxide,  into  carbon  monoxide,  water,  and  campholene,  C^H,^ 


Konatomio  Addi  belonging  to  the  soriei  CBH^_40y  or  C.H^-«0(OH). 

Only  three  acids  of  this  series  are  known,  vix. :  sorbic  and  parasorbie 
acids,  both  having  the  composition  G^HgO,,  and  camphic  acid,  C]qH||0^. 

Parasorbie  acid  is  a  volatile  oily  acid  obtained  from  mountain-ash  berries; 
torbt'c  acid  is  a  crystallizable  acid  produced  from  it  by  gentle  heating  with 
solid  potash,  or  boiling  with  strong  hydrochloric  acid ;  it  melts  at  184*5° 
C.  (274®  F.),  volatilizes  without  decomposition,  and  decomposes  carbonates. 

Camphic  acid^  CyflJO^  is  obtained,  together  with  the  corresponding  alco- 
hol, campbol  (p.  546),  by  heating  common  camphor  with  alcoholic  soda- 
solution  in  sealed  tubes  to  170°-190®  C.  (838°-374°  ¥.), 

2C,oH„0    +    OH,    =    C^ll„0    -f    C„H^, 
Camphor.  Campbol.  Camphic 

acid. 

By  neutralizing  the  resulting  alkaline  solution  with  sulphuric 'acid,  dis- 
solving out  the  sodium  camphate  with  alcohol,  evaporating,  and  again  adding 
sulphuric  acid,  the  camphic  acid  is  obtained  as  a  colid  mass  heavier  than 
water,  insoluble  therein,  easily  soluble  in  alcohol.  The  potassium  snd 
sodium  snlts  are  insoluble  in  strong  alkaline  lyes.  They  precipitate  the 
salts  of  copper,  iron,  silver,  and  zinc,  not  those  of  the  alkali-metals;  all 
the  precipitates  are  soluble  in  a  large  quantity  of  water. 


Konatomie  Add  belonging  to  the  seriei  CbH,b_^0,. 


Hydrohmzoie  add,  C^HjoOj^  or  C7HgO(OH).*  —  This  acid,  corresponding 
to  the  unknown  alcohol,  (.^Hi^O,  is  formed,  together  with  other  products, 
by  the  action  of  sodium  amalgam  on  benzoic  acid: 

C.H.O,        +        2H,        =r        C,H,.0, 
Benzoic  Hydroben- 

acid.  zoic  acid. 

It  is  more  easily  obtained,  however,  by  boiling  hydrobenzyluric  acid  (a 
product  of  the  decomposition  of  hippurio  acid  by  sodium  amalgam)  with 
alkalies  in  a  close  vessel: 

C,«H,,N04    +     OH,    =    C,H,NO,    +    C.H^O    +    C,H,,0, 
Hydrobenzyl-  Glycocine.  Benzyl         Hydroben- 

uric  acid.  alcohol.  zoic  acid. 

It  is  a  crystalline  acid,  forming  a  crystalline  calcium  salt,  (C-H,0.),Ca, 
and,  when  recrystallized  either  in  the  free  state  or  in  the  form  of  calcinm 
salt,  is  ultimately  converted  by  oxidation  into  benzoic  acid.  Its  ethylio 
ether,  C^HgOj .  CjH^,  has  the  odor  of  ethyl  valerate. 

•  jr.  mrmann,  Ann.  Ch.  Phann.  cxxxit:  7&.  —R.  OUo,  Urid,  czzziv.  SOBl 
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Konatomie  Acidi  Monging  to  the  series  C^^^^-fij^ — Aromatio  Aeids. 

Tbese  acids  are  produced  by  some  of  the  processes  which  yield  the  fatty 
acids,  Tiz. — 1.  By  the  oxidation  of  the  corresponding  aldehydes  and  primary 
alcohols:  thus  benzoic  acid,  C^HgO^  is  formed  by  oxidation  of  benzoic 
aldehyde,  C^H^O,  and  of  benzylic  alcohol,  CyHgO. — 2.  By  the  action  of 
water  on  the  corresponding  acid  chlorides.  —  8.  By  the  action  of  alkalies 
on  the  cyanides  of  aromatic  alcohol-radicals. 

They  are  likewise  obtained :  4.  By  the  simultaneous  action  of  sodium  and 
carbon  dioxide  on  the  monobrominated  derivatiTes  of  the  aromatic  hydro- 
carbons: thus, 

CjHgBr    +    Na    +    CO,    t=    NaBr    +    C^HsNaO, 
Bromo-  Sodium 

benzene.  benzoate. 

5.  Certain  aromatio  acids  are  produced  by  the  oxidation  of  hydrocar- 
bons homologous  with  benzene. 

The  known  acids  of  this  series  are : 
Benzoic  acid,  CfH^O,. 
Toluic  and  Alpha-toluic  acids,  C,HgO,. 
Xylic  and  Alpba-xylic  acids,  C^IljoO,. 
Cumio  acid.  C,oH„Oy  homologous  with  toluic  acid. 
Alpha-cymic  acid,  C^jH^^O,,  homologous  with  alpha-toluic  acid. 

Bentoio  Aeid,  CTHeO,  =  CTH50(OH).»- This  acid  is  the  analogue  of  ben- 
syllc  alcohol,  and  is  produced  from  it  by  oxidation  with  aqueous  chromic 
acid: 

CeHj.CHjOH    +    0,    =    OH,    +    CgHj.COOH 

Benzyl  al-  Benzoic 

cohol.  acid. 

It  ifl  also  formed  by  oxidation  of  benzoic  aldehyde,  C^HgO  (bitter-almond 
oil),  in  presence  of  platinum  black,  or  with  nitric  acid. 

it  may  be  produced  directly  from  benzene,  by  acting  upon  that  com- 
pound in  the  state  of  vapor  with  carbonyl  chloride  (phosgene  gas)  whereby 
it  IB  coDYerted  into  benzoyl  chloride,  and  decomposing  this  chloride  with 
water : 

CeH,      +      COCl,      =       HCl      +      C^H.OCl 
Benzene.         Carbonyl  Benzoyl 

chloride.  chloride. 

C^HjOCl        -f        OH,        =        HCl        +        CjUfiiOK) 
Benzoyl  Benzoic 

chloride.  acid. 

Fourthly,  it  is  obtained  by  boiling  hippurio  acid  (or  the  urine  of  cows 
or  horses  which  contains  that  acid)  with  hydrochloric  acid.  The  hippuric 
acid,  C^HyNOji,  which  has  the  composition  of  benzoyl-glycocine,  then  takes 
up  a  molecule  of  water,  and  is  resolved  into  glycocine  (p.  614)  and  benzoic 
acid: 

C,H,(C,H,0)NO,    +    OH,    =    CJI5NO,    -f    C,H,0, 
Hippuric  acid.  Glycocine.  Benzoic 

acid. 

This  process  is  applied  to  the  preparation  of  benzoic  acid  on  the  large 
scale. 

Benzoic  acid  is  also  produced  by  the  oxidation  of  a  great  variety  of  or- 
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gallic  bodies,  Bs  cumenB,  oinDuuio  ftldebjide,  einn>iiu«  a 
ok.<cin,  gelatin.  &c. 

IleDioic  Bcid  exists  reftdy  formed  in  Ikrge  quinlitj  in  bctctsI  IwIkhis 
and  gum-resins,  especial!;  in  gum-benioin,  a  resin  which  exudes  from 
the  bark  of  Sli/rax  btnioin,  A  Irec  growing  in  Sumatrm.  Java,  Borneo.  anJ 
Siam.  When  ihis  substance  is  eipused  to  a  gealle  beat  in  a  subliming  tti- 
sel,  tlie  benioic  acid  is  Tolatiliied,  and  may  be  condeosed.  The  simplesl 
and  most  efficient  apparatus  for  this  and  all  similar  operations  is  the  cod- 
trivance  of  Dr.  Mohr:  it  consists  of  a  shallow  iron  pan,  over  the  boiton 
of  which  the  substance  to  be  sublimed  is  tliiul; 
'Vir- IM.  spread;  a  sheet   of  bibulous    paper,   pierced  witli  i 

number  of  pin-holes,  is  then  stretched  otct  the  Tea- 
sel, and  a  cap  made  of  thick,  strong  drawing  or  car- 
tridge-paper, is  secured  b;  a  siring  or  boop  oTcr  iht 
whole.     Tbe  pan  is  placed   upon  a  und-bath.  sod 
bIowIj  bealed  lo  the  requisite  (cmperalare;  the  n- 
poT  of  the  acid  condenses  in  the  cap,  and  the  crjMstt 
are  kept  by  the  Ibio  paper  diaphragm  from  fiUisg 
back  again  into  the  pan.      Benioic  acid  IhuR  obtsined 
aesames  the  form  of  light,  feathery,  colorless  nyt- 
lalg,  which  exhale  a  fragrant  odor,  not  belonging  le 
the  acid  itself,  but  due  to  a  small  quaniilj  of  Tolttilc 
oil.     A  more  prodocliTo  method  of  preparing  the  acid  is  to  mix  the  |»«- 
dered  gum-benioin  rery  intimnlel;  with  an  equal  weight  of  slaked  lime, 
boil  this  mixture  with  water,  and  decompose  the  filtered  solution,  coonn- 
trated  by  evaporation  lo  a  small  bulk,  with  excess  of  bydrocbJoric  acid; 
the  benxoic  acid  crystnlljies  out  on  cooling  in  thin  platea,  which  may  be 
drained  upon  a  cloth  filler,  pressed,  and  dried  ia  the  air.     B;  sublimalioB. 
which  is  then  effected  with  triaing  loss,  the  acid  is  oblaioed  perfecil; 
while. 

Benioic  acid  is  inodorous  when  cold,  but  acquires  a  faint  smell  «)>« 
gently  warmed:  it  melts  just  below  121"  C  (tiSO"  F.),  and  sublimes  at  s 
temperature  a  little  above  ;  it  boilsal  249°  C.  (460°  F.),  and  emits  a  •sfMii 
of  the  density  of  4'2T.  It  dissoUes  in  aboul  200  parts  of  cold  and  25 pint 
of  boiling  water,  and  with  great  facility  in  alcohol.  Benioic  acid  is  >ei 
affected  by  ordinary  nitric  acid,  even  al  boiling  beat;  but  with  .^mnf  "'"' 
acid  it  forms  a  substitution  •product. —  CUarint  also  acts  on  benioic  acid, 
forming  sulMtitulion-products. — Fhonphortu  pealatkloride  conTerlS  it  iaW 
benioyi  chloride,  C,H,OCI. — Benioic  acid  dissolTes  in  ordinary  strong  sul- 
phuric acid,  but  is  precipitated  unaltered  on  addition  of  water.  By  fuming 
sulphuric  acid,  however,  and  still  more  readily  h;  sulphuric  oxide,  it  is 
convened  into  sulphobenioic  acid,  C,H,SO,.  a  bibasic  acid  lo  bn  descritwl 
hereafter.  By  nascent  hydrogen  (evolved  by  sodium-amalgam)  it  is  partly 
reduced  to  benioic  aldehyde  and  beniylic  alcohol,  and  is  partly  converled, 
by  addition  of  hydrogen,  into  hydrobenioic  acid,  C,H„0,  fp,  632). 

All  Ihe  b'Tiioaln  ore  more  or  less  soluble  :  they  are  easily  formed,  eilhpr 
directly  or  by  double  decomposition.  The  bniioata  ofthi  aUaliet  and  of  «■- 
monia  are  Very  soluble,  and  sotnewbat  difficult  lo  crystallite.  —  Coldnmia- 
ion/«  forms  groups  of  small  colorless  needles,  which  require  "JO  parts  of 
cold  water  for  solution.  The  barium  rnlit  are  soluble  with  difbcully  in  Iht 
cold.  Neutral /m-ie  bmoatt  is  a  soluble  compound;  but  the  basic  ssU  ob- 
tained by  neutraliiiiig  ax  nearly  as  possible  with  ammonia  a  solulioi}  of 
ferric  oxide,  and  then  adding  ammonium  benioate.  ia  quite  insoluble,  iron 
is  sotnelimcH  Ibus  separated  from  other  metals  in  quanlilative  anilpi< 
Neutral  and  basic  lead  benzoaU  are  freely  soluble  in  tbe  cold.  SHiirr  bf- 
tonte  crystallises  in  thin  Irausparent  plates,  which  blacken  on  expoiurs  to 
light. 
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CalctQm  benzoate  is  resoWed  by  dry  distillation  into  calcium  carbonate 
and  benzone,  or  benzophenone,  C^HigO,  the  ketone  of  benzoic  acid: 

(C,H^O,),Ca^'         =         CO.Ca         +         CO(CgH,), 
Calcium  ben-  Beuzoue. 

zoate. 

On  the  other  hand,  benzoic  acid,  distilled  with  excess  of  lime,  is  resolved 
into  carbon  dioxide  and  benzene: 

C^HeO,       -=r         CO,        +        C^He. 

Bbksoic  Chloride,  or  Benzoyl  Chloride,  C^HgOCl. — This  componnd, 
derived  from  benzoic  acid  by  substitution  of  chlorine  for  hydroxyl,  is  pre- 
pared by  the  action  of  phosphorus  pentachloride  on  benzoic  acid: 

C^H^OCOH)     -f     PCI3CI,    =    POClg    +    HCl    +    C^HjOCl. 

The  two  substances  are  mixed  in  equivalent  quantities,  and  gently  heated. 
A  brisk  reaction  ensues,  hydrochloric  acid  is  evolved,  while  oxychloride  of 
phosphorus  distil;*  over ;  and  when  the  temperature  rises  to  196°  C.  (384®  F. ), 
the  receiver  is  to  be  changed,  and  the  benzoyl  chloride,  which  passes  over 
at  that  temperature,  collected  separately.  It  may  also  be  prepared  by  sub- 
jecting bitter-almond  oil  ^CfH^O)  to  the  action  of  dry  chlorine  gas.  It  is 
a  colorless  liquid  of  peculiar,  disagreeable,  and  pungent  odor;  its  density 
is  1  '106.  The  vapor  is  inflammable,  and  burns  with  a  greenish  flame ;  its 
density  (referred  to  air)  is  4*987.  Benzoyl  chloride  is  decomposed  slowly 
by  cold  and  quickly  by  boiling  water  into  benzoic  and  hydrochloric  acids : 
with  an  alkaline  hydrate,  a  benzoate,  and  chloride  of  the  alkalio  metal,  are 
generated. 

Benzoyl  Iodide,  0^11(01,  is  prepared  by  distilling  the  chloride  with  po- 
tassium iodide :  it  forms  a  colorless,  crystalline,  fusible  mass,  decomposed 
by  water  and  alkalies  in  the  same  manner  as  the  chloride.  The  bromide, 
C^HjOBr,  lias  very  similar  properties.  Benzoyl  cyanide^  C^HjO .  CN.  ob- 
tained by  heating  the  chloride  with  mercuric  cyanide,  forms  a  crystalline 
mass,  fusing  at  31°  C.  (87°  F  ),  boiling  at  207°  C.  (404°  F.),  and  having  a 
pungent  odor,  somewhat  resembling  that  of  cinnamon.  All  these  com- 
pounds yield  benzamide  with  dry  ammonia. 

Benzoyl  Oxide,  or  Anhydride,  C^Hi^^O,,  or  (C^Bfi)fiy  is  obtained  by 
the  action  of  benzoyl  chloride  on  potassium  benzoate : 

CTn50(0Na)     -f     C^HgOCl    =    NaCl    -f     (C^HjO)^. 

Benzoyl  chloride  acts  in  like  manner  on  acetate  or  valerate  of  sodium,  form- 
ing aceto  benzoic  or  valero-benztiic  oxide,  either  of  which  splits  up  ou  dis- 
tillation into  acetic  or  valeric  oxide  and  benzoic  oxide : 

C,H,0C1      4.      C,H,0(ONa)      =      NaCl     -|-      c'h*0  }^ 

Benzyl  Sodium  Valero-ben- 

chloride.  valerate.  zoic  oxide. 

and: 

^{cSo}o  =        (CtH.O),0        +        (C,H.O),0 

Valero-ben-  Benzoic  Valeric 

zoic  oxide.  oxide.  oxide. 

Benzo  oenanthylic,  benzostearie,  benzo-angelio,  benzo-cuminio  oxide,  and 
several  others,  have  been  obtained  by  similar  processes. 
Benzoic  oxide  crystallizes  in  oblique  rhombic  prisms,  melting  at  42°  C. 
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(107<^F.),  and  distilling  undecomposed  at  310°  C.  (590°  F.).  It  melts  in 
boiling  water,  remaining  fluid  for  u  long  cime,  but  is  ultimately  converted 
into,  benzoic  acid,  and  dissolves :  caustic  alkalies  effect  the  conversion  much 
more  rapidly.  With  ammonia  it  forms  ammonium  benzoate  and  benzamide: 

(CjHfi)fi     4-     2NH,    =     C,H50(NH^)0     +    NH,CyH.O 
Benzoic  Ammonium  Benzamide. 

oxide.  benzoate. 

«  > 

Benzoyl  Dioxide,  or  Pbboxidb,  Cj^Hj^O^,  or  (CjHjO,),. — Brodie  ob- 
tained this  compound  by  bringing  benzoyl  chloride  in  contact  with  bari- 
um dioxide  under  water;  the  product,  when  re-crystallised  from  ether, 
yields  large  shining  crystals  of  benzoyl  dioxide,  which  explode  when  heated. 
When  submitted  to  the  action  of  a  boiling  solution  of  potash,  this  substance 
evolves  oxygen,  and  forms  pot^issium  benzoate. 

Benzoyl  Sulphide,  (C.HgO)^,  obtained  by  distilling  the  chloride  with 
finely  powdered  lead  sulphide,  is  a  yellow  fetid  oil,  solidifying  at  a  low 
temperature  to  a  soft  crystalline  mass. 

Dibenzoyl,  C|4H,q04.  —  Cupric  benzoate  subjected  to  gradual  dry  distil- 
lation, gives  a  residue  containing  salicylic  and  benzoic  acids,  and  aa  oilr 
distillate  which  crystallizes  on  cooling,  and  consista  of  dibenzoyl.  Tbie 
substance  possesses  the  odor  of  the  geranium,  melt-s  at  70°  C.  (loS**  F.).  It 
was  discovered  by  £ttling,  and  subsequently  studied  by  Stenhouse.  B; 
heating  with  potassium  hydrate,  it  is  instantly  converted  into  benzoic  acid, 
with  evolution  of  hydrogen. 

Acids  derived  from  Benzoic  Acid  by  subttituiion. 

Chlorobenzoic  Acid,  C,II(C10^  is  obtained  by  treating  benzoic  acid  with 
potassium  chlorate  and  hydrochloric  acid.  Acids  having  the  same  com- 
position are  produced  by  the  action  of  chlorine  upon  benzoic  acid  in  bub- 
light,  and  also  by  distilling  sulphobenzoio  acid,  salicylic  acid,  or  faippurie 
acid,  with  phosphorus  pentachloride,  and  boiling  the  distillate  with  water. 
The  acids  obtained  by  these  several  methods,  however,  differ  in  their  prop- 
erties. Chlorobenzoic  acid  treated  with  sodium  amalgam  and  water  is  con- 
verted into  benzoic  acid. 

Bromobenzoic  Acid,  CfHfBrO,,  is  formed  by  the  action  of  bromine  on 
silver  benzoate : 

C^HjOjAg        +        Br,        =        AgBr        +        CTH^BrO, 

Bromine  does  not  act  on  benzoic  acid  at  ordinary  temperatures. 

NiTRODENzoic  AciD,  C,H5(N0j)0y  is  obtained  by  boiling  benzoic  acid  for 
several  hours  with  fuming  nitric  acid;  and  by  prolonged  action  of  the  fuoi- 
ing  nitric  acid,  or  more  readily  by  the  action  of  a  mixture  of  nitric  and 
sulphuric  acids,  dinitrohenzoie  acid,  (\H4(N02),Oy  is  produced.  Both  these 
are  crystalline  bodies,  analogous  in  most  of  their  reactions  to  benzoic  acid. 

Amidobenzoic  Acids. — Nitrobenzoic  and  dinitrohenzoie  acids  are  re- 
duced, by  treatment  with  certain  reducing  agents,  as  hydrogen  sulphide  or 
ammonium  sulphide,  to  amido-benzoic  and  diamido^bemoic  acids : 

C^H5(N0,)0,    -f     3SH,    =    20H,    -f-     S,    -f     CtH5(NH,)0, 

Nitrobenzoic  Amidobenzoic 

acid.  acid. 

C,H4(N0j),0,    +     6SH,    =    40H,    +     S,    +     C,H^fNH,>,0, 
Dinitrobenzoio  Diamido- 

aoid.  benzoic  acid. 
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Both  these  are  crystalline  compounds.  Amidobensoio  acid  is  a  monobasic 
acid,  forming  metallic  salts  and  ethers ;  diamidobenzoic  acid,  on  the  con- 
trarj,  posse^ises  no  acid  properties,  but  is  rather  a  base,  combining  readily 
with  hydrochloric  and  other  acids,  and  forming  crystalli sable  salts. 

When  amidobensoio  acid,  C^H^NO,,  is  subjected  to  the  action  of  nitrous 
acid,  two  molecules  of  it  give  up  three  atoms  of  hydrogen  in  exchange  for 
one  atom  of  nitrogen,  and  are  converted  into  a  compound  containing  Ci^ 

2CtH^N0,    -f    NO,H    =    20H,    +    C,J[^^Sfi^. 

This  substitution  of  hydrogen  for  nitrogen  was  first  observed  by  Griess, 
who  has  since  shown  that  it  is  susceptible  of  very  general  application. 

By  the  prolonged  action  of  nitrous  acid,  the  compound  C,4HjiN,04  is 
partially  converted  into  oxybenzoic  acid,  C^U^Oy 

AcETAKiDOBBNZOic  AciD,»  C«lI,NO,  =  C-H.rNH(C,TLO)]0«  or 
C,H4NH(CH,0) 

i.  —  This  acid  is  produced  by  digesting  amidobensoio  aoid 
OOH 
with  acetic  acid  at  IdO^-liKP  C.  (266''-284<>  F.)  in  a  sealed  tube: 

C,H,(NH,)0,    +    C,H,0(OH)     ==    OH,     +     C,H5[NH(C,H,0)]0,, 
Amidobensoio  Acetic  Acetamidobenzoic 

acid.  aoid.  aoid. 

or  by  the  action  of  acetyl  chloride  or  acetic  acid  on  sine  amidobenzoate : 

(C^H^NOJ^Zn^'     +    2C,H,0C1    =    ZnCl,    +     2CtH,(Cj,H,0)N0, 
Zino  oxybensoate.  Acetyl  Acetamiaobenzoio 

chloride.  acid. 

Acetamidobenzoic  acid  is  a  white  powder,  consisting  of  microscopic  crys- 
tals, insoluble  in  cold  water  and  ether,  slightly  soluble  in  boiling  water, 
easily  in  boiling  alcohol.  It  is  a  monobasic  acid,  forming  easily  soluble 
salts  with  the  metals  of  the  alkalies  and  alkaline  earths ;  sparingly  soluble 
salts  with  lead,  silver,  and  zinc.  By  boiling  with  hydrochloric  or  dilute 
sulphuric  aoid,  it  is  resolved  into  acetic  and  amidobenzoic  acids : 

C,H,NO,    -f    OH,    =    C,H40,    +    C-H^NO,. 

HipptJKio  Acid,  or  Benzamidacetic  Acid,  CgHgNO,  ^  C,Il4(C.H.0)N0, 

C,H,NH(CeHjO) 
=  C,HJ;NH(C,H50)]0,  or    I  .  —  This  acid,   isomeric   with 

COOH 

acetamidobenzoic  acid,  is  produced  by  the  action  of  benzoyl  chloride  on 
the  zinc  salt  of  amidacetic  acid  (glycocine) : 

(C,H4N0,),Zn'^     +    2CyHj0C1    =    ZnCl,    +    2C,H,[NH(CtH50)]0,; 

the  reaction  being  analogous  to  the  second  of  those  above  given  for  the 
formation  of  acetamidobenzoic  acid. 

Hippuric  acid  occurs,  often  in  large  quantity,  as  a  potassium  or  Hodium- 
salt,  in  the  urine  of  horses,  cows,  and  other  graminivorous  animals;  in 
smaller  quantity  also  in  human  urine.  It  is  prepared  by  evaporating  in  a 
water*bath  perfectly  fresh  cows*  urine  to  about  a  tenth  of  its  volume,  filter- 
ini;  from  the  deposit,  and  then  mixing  the  liquid  with  excess  of  hydro- 
chloric acid.  Cows*  urine  frequently  deposits  hippuric  acid  without  con- 
centration, when  mixed  with  a  considerable  quantity  of  hydrochloric  acid, 
in  which  the  aoid  is  less  soluble  thnn  in  water.     The  brown  crystalline 

^  O.C  /Wer,  Chem.  8oc.  Joarnal,  xlll.  236. 
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inasa,  which  separates  on  cooling,  is  dissoWed  in  boiling  water,  and  treated 
with  a  stream  of  chlorine  gas,  until  the  liquid  assumes  a  light  amber  color, 
and  begins  to  smell  of  chlorine :  it  is  then  filtered  and  left  lo  cooL  Tbe 
still  impure  acid  is  re-dissolved  in  water,  neutralized  with  sodium  carbonate, 
and  boiled  for  a  short  time  with  animal  charcoal :  the  hot  filtered  solution 
is,  lastly,  decomposed  by  hydrochloric  acid. 

Hippuric  acid  crystallites  in  long,  slender,  milk-white,  and  exceedingly 
delicate  square  prisms,  which  have  a  slightly  bitter  taste,  melt  on  the  ap- 
plication of  heat,  and  require  for  solution  about  400  parts  of  cold  water: 
it  also  dissolves  in  hot  alcohol.  It  has  an  acid  reaction,  and  forms  sahs 
with  bases,  many  of  which  are  orystallizable.  Exposed  to  a  high  temper- 
ature, hippuric  acid  undergoes  decomposition,  yielding  benzoic  add.  am- 
monium benzoate.  and  benzonitrile,  with  a  coaly  residue.  With  hot  oil  of 
vitriol,  it  gives  off  benzoic  acid ;  boiling  hydrochloric  acid  converts  it  into 
benzoic  acid  and  amulacetic  acid  or  glycocine : 

C.H^(C,H40)N0,     +      H(OH)     =     C.HjO(OH)     -f     C,HJfO^ 
Hippuric  aoid.  Water.  Benzoic  Amldacetie 

acid.  acid. 

just  as  aoetamidobenzoic  acid  is  resolved  into  acetic  and  amidobenzoic 
acids. 

Hippuric  acid,  treated  with  nitrous  acid,  gives  off  nitrogen,  and  is  con- 
verted into  bt$k2oglyeollic  ctcid^  an  acid  containing  the  elements  of  benzoic 
and  glycoUic  (oxyacetic)  acids,  minus  one  molecule  of  water: 

C,H,NO,      4-      NO,H      =      Qfifi^      +      OH,      -I-      X, 
Hippuric  Nitrous  Benzogly- 

acid.  acid.  collie  acid. 

Benzoglycollic  acid,  when  boiled  with  water,  splits  up  into  benzoic  and  gly- 
coUic acids : 

CgHgO^  -f  OH,  «:   C^HjO,  +  CjH^O,. 

If,  in  the  preparation  of  hippuric  acid,  the  urine  be  in  the  slightest  de- 
gree putrid,  the  hippuric  acid  is  all  destroyed  during  the  evaporation,  am> 
monia  is  disengaged  in  large  quantity,  and  the  liquid  is  then  found  lo 
yield  nothing  but  benzoic  acid,  not  a  trace  of  which  can  be  discovered  in 
the  unaltered  secretion.  Complete  putrefaction  effects  the  same  change: 
benzoic  acid  might  thus  be  procured  to  almost  any  extent.  When  benzoic 
acid  is  taken  internally,  it  is  rejected  from  the  system  in  the  state  of  hip- 
puric acid,  which  is  then  found  in  the  urine. 

Hippuric  acid  is  monobasic,  the  formula  of  the  hippurates  of  monatomic 
metals  being  C,H„MNO,.  Most  metallic  oxides  dissolve  readily  in  hippuric 
acid.  The  hippurates  of  potassium,  sodium,  and  ammonium,  are  very 
soluble,  and  difficult  to  crystallize;  their  solutions  form  a  cream-colored 
precipitate  with  ferric  salts,  and  white  curdy  precipitates  with  silver  ni- 
trate and  mercurous  nitrate.  A  characteristic  reaction  of  the  hippurates 
is,  that,  when  fused  with  excess  of  potash  or  lime,  they  give  off  ammonia 
and  yield  benzene  by  distillation.  Mineral  acids  decompose  them,  separat- 
ing the  hippuric  acid. 

Hippuric  acid  dissolves  so  abundantly  in  an  aqueous  solution  of  sodium 
phosphate,  that  this  solution  loses  its  alkaline  reaction  and  becomes  acid. 
This  reaction  may  explain  the  acid  character  of  the  recent  urine  of  man 
and  animals. 

Tolnic  Aoid,  CgHgO,  =  C8H,0(0H).— This  formula  includes  two  isomeric 
acids,  viz. : 

Normal  tohiic  acid,  C^H^fCH,) .  COOH,  corresponding  to  xylylic  alcohol, 
CeH^<CH,).CH,0H,  derived  from  dimethyl-beniene  (p.  497). 
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Alpha-toluic  acid,  OgH^ .  CH,COOH,  corresponding  to  the  unknown  alco- 
hol, CfHj.CH,CU,OH,  derived  from  ethyl-beniene. 

Normal  tolidc  acid  is  produced — 1.  By  oxidation  of  xylene  with  dilute 
niiric  acid : 

CgH^,  +  0,  =  OH,  4-  CgHgO, 

Also  by  the  prolonged  action  of  dilute  nitric  acid  on  cymene  (p.  500), 
oxalic  acid  being  formed  at  the  same  time : 

CioHh    +    Ob    ==    CgHgO,     -f     Qflfi^    +    20H, 
Cymene.  Toluic  Oxalic 

acid.  acid. 

2.  Synthetically,  by  the  action  of  sodium  and  carbon  dioxide  on  bromo- 
toluene : 

CyH^Br    +    Na,    +    CO,    =    NaBr    +    C,H^.CO,Na 
Bromo-  Sodium 

toluene.  toluate. 

Toluio  acid  is  precipitated  by  acids  from  the  solution  of  its  salts  as  a 
white  crystalline  mass,  which  melts  at  about  175°  C.  (347°  F.),  and  sub- 
limes without  decomposition  in  fine  needles.  Its  chemical  reactions  are 
analogous  to  those  of  benzoic  acid.  By  distillation  with  lime  or  baryta  it 
is  resoWed  into  carbon  dioxide  and  toluene,  C^Hg.  Distilled  with  phos- 
phorus pentachloride,  it  yields  toluie  ehloride^  CgH^OCl,  or  CgH^CH, .  COCl. 
Strong  nitric  acid,  at  the  boiling  heat,  conTert«  it  into  nitrotoluic  acid, 
CglIf(NO,)0,.  When  introduced  into  the  animal  organism,  it  is  excreted 
as  tolurie  addy  CjqHjiNO^,  a  homologue  of  hippuric  acid. 

Alpha-iolmc  aad^  Cgllg.  CH,C0,H,  is  produced  by  boiling  benzyl  cyanide 
with  strong  potash  solution  as  long  as  ammonia  is  given  off: 

CgHg-CHjCN    +    20H,    =    NH,    +    C.Hg  CH,COOH 
Benzyl-  Alpha-toluic 

cyanide.  acid. 

The  reaction  amounts  to  an  interchange  between  an  atom  of  trivalent 
nitrogen  and  the  group  O^^(OU) :  hence  the  constitution  of  the  acid  is 
apparent. 

Alpha-toluic  acid  crystallizes  from  boiling  water  in  broad,  thin  laminse, 
▼ery  much  like  benzoic  acid :  it  has  an  odor  like  that  of  the  perspiration 
of  horses.  It  melts  at  76-5°  C.  (109°  F.),  gives  off,  even  below  100°,  vapors 
which  excite  coughing,  and  boils  at  265*5°  C.  (510°  F.).  It  forms  a  sub- 
stitution-product with  nitric  acid,  and  when  distilled  with  phosphorus 
pent-achloride,  yields  alpha-toluic  chloride,  CgHfOCl,  or  CgHg.  CH,C0C1,  which 
passes  over  as  a  colorless  heavy  liquid. 

Zylio  Acid,  CgHi^O,  =■  CgHg(CH3)g .  CO,H,  homologous  with  benzoic  and 
with  normal  toluic  acid,  is  produced  by  the  action  of  sodium  and  carbon 
dioxide  on  bromo-xylene,  CgH^Br;  also,  by  oxidizing  cumene,  CgU,,,  with 
nitric  acid.  Insolinic  acid,  CgUgO^,  is  formed  at  the  same  time*  butihc  two 
acids  are  easily  separated  by  distillation,  the  xylic  acid  passing  over,  while 
the  insolinic  acid  remains  behind.  Xylic  acid  crystallizes  from  boiling 
water  in  needles,  melts  at  108°  C.  (217°  F.),  boils  at  278°  C.  (523°  F.j,  and 
sublimes  easily  in  needles. 


ride 

and  . 

lustre,  easily  soluble  in  water,  and  boiling  at  42°  C.  (108°  F.). 

Gmnie  Add,  Oyfixfif,  probably  CgH^(C3Hf) .  CO,H,  homologous  with  ben- 
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soic  and  normal  toluic  aoids,  is  produced  bj  oxidation  of  cnminol  or  eomie 
aldehyde,  C,oUj,0,  one  of  the  eonstituents  of  oil  of  cumin.  It  is  Ter;  mncli 
like  benzoic  acid,  is  conyerted  by  fuming  nitric  acid  into  niirocumic  acid, 
^io^u(^^)x^4«  ^^^  resolyedi  by  distillation  with  lime,  into  carbon  dioude 
and  cumene,  C^Hj,. 

Cymle  Acid,  CnH^^O,. — Normal  oymic  acid  is  not  known,  but  alpkacymic 
acid,  probably  <JfH,(CjH^),COOH,  is  produced  by  tlie  action  of  caostie 
alkalies  on  cymyl  cyanide,  CjoHj^CN. 


KoBatonde  Aoidi,  C^U^^yfl^ 

The  acids  of  this  series  are  related  to  the  aromatic  acids,  in  the  same 
manner  as  those  of  the  acrylic  series  to  the  fatty  acids.  Only  two  of  th^n, 
however,  are  at  present  known,  yIs.  :  cinnamio  and  atropio  acids,  both 
containing  C^UJO^ 

CH(CtH,)'/ 
CiifNAMic  Acid,  C^,0,  sb  C,H^0(0H)  =   I  .  —  This  acid  is 

CO,H 
produced  synthetically :  1.  By  heating  benzoic  aldehyde  in  close  Tessels 
with  acetyl  chloride: 

C^H^O    4-    CjHjOCl    =    Ha    +    CgHgO,. 

2.  By  treating  potassium  benzoate  with  chlorethylidene  (prodaeed  by 
the  action  of  carbonyl  chloride  on  acetic  aldehyde) : 

CjH^O      +      COCl,      =      HCl       +   *  CO,      +        Cfifii 
Aldehyde.  Carbonyl  Chlorethyl- 

chloride.  idene. 

C,H,Cl        4-        C^H^OjK        =        KCl        +        Cjafif 
Chlorethyl-  Potassium  Cinnamic 

idene.  benzoate.  acid. 

Cinnamic  acid  is  also  produced  by  oxidation  of  clnnamon*oil  (cinnamio 
aldehyde,  C.HgO)  in  air  or  oxygen,  and  exists  ready  formed,  together  vitli 
benzoic  acid,  ana  certain  oily  and  resinous  substances,  in  Peru  and  Tolu 
balsams,  being  doubtless  produced  by  oxidation  of  cinnyl  alcohol  or  styrose, 
CglljoO  (p.  554),  likewise  contained  therein.  It  may  be  procured  by  the 
following  process  in  great  abundance,  and  in  a  state  of  perfect  purity.  Old, 
hard  Tolu  balsam  is  reduced  to  powder  and  intimately  mixed  with  an  equal 
weight  of  slaked  lime :  this  mixture  is  boiled  for  some  time  in  a  large  qaan* 
tity  of  water,  and  filtered  hot.  On  cooling,  calcium  cinnamate  crystalliies 
out,  while  calcium  benzoate  remains  in  solution.  The  impure  salt  is  redis- 
soWed  in  boiling  water,  digested  with  animal  charcoal,  and,  after  liltraUon, 
suffered  to  crystallize.  The  crystals  are  drained  and  pressed,  once  more 
dissolved  in  hot  water,  and  an  excess  of  hydrochloric  acid  being  added, 
the  whole  is  allowed  to  cool.  The  pure  cinnamic  acid  separates  in  small 
plates  or  needle-formed  crystals  of  perfect  whiteness.  From  the  original 
mother-liquor  much  benzoic  acid  may  be  procured. 

The  crystals  of  cinnamic  acid  are  smaller  and  less  distinct  than  those  of 
benzoic  acid,  which  in  most  respects  it  very  closely  resembles.  It  melts  at 
120°  C.  (248»  F.),  and  enters  into  ebullition  at  298«  C.  (660®  F.) ;  the  vapor 
is  pungent  and  irritating.  Cinnamic  acid  is  much  less  soluble,  both  in  hot 
and  cold  water,  than  benzoic  acid ;  a  hot  saturated  solution  becomes  on 
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cooling  a  soft  solid  mass  of  small  nacreous  crystals.  It  dissolves  with  perfect 
ease  in  alcohol.  Boiling  nitric  acid  decomposes  cinnamic  acid  with  great 
energy,  and  with  production  of  copious  red  funics:  bitter  almond-oil  distils 
over,  and  benzoic  acid  remains  in  the  retort.  ^Vhen  cinnamic  acid  is  heated 
in  a  retort  with  a  mixture  of  strong  solution  of  potassium  bichromate  and 
sulphuric  acid,  it  is  almost  instantly  converted  into  benzoic  acid,  which 
afterwards  distils  over  with  the  vapor  of  water;  the  odor  of  bitter-almond 
oil  is  at  the  same  time  very  perceptible.  Cinnamic  acid  fused  with  excess 
of  potassium  hydrate,  is  decomposed  into  benzoic  and  acetic  acids: 

CjHgO,    -f-    20Ha    =    C^HjO,    -f    C^n^Oj,    +    H,. 

This  decomposition  is  precisely  analogous  to  that  of  an  acid  of  the  acrylic 
series  into  tw^o  acids  of  the  fatty  series  (p.  62G]. 

Cinnamic  acid  is  resolved  by  distillation  with  lime  or  baryta,  and  par- 
tially also,  when  distilled  alone,  into  carbon  dioxide  and  cinnamene,  CgHg 
(p.  50]). 

The  cinnamatesj  CgH^OjM  (for  m  on  atomic  metals),  are  very  much  like  the 
benzoates.  Cmnyl  cinnamale,  Cinnamein,  or  Sh/raein,  CjH^Oj.CgHj,  is  con- 
tained, together  with  cinnamene  and  styrol,  in  liquid  storax  (whicii  exudes 
from  Styrax  calamilaj  a  shrub  growing  in  Greece  and  Syria);  also,  together 
with  styrol  and  other  substances,  in  Peru  and  Tolu  balsams,  the  produce 
of  certain  ftpecies  of  Myrozylum  growing  in  South  America.  It  is  obtained 
from  storax  by  distilling  the  balsam  to  expel  the  styrol,  then  boiling  it  with 
aqueous  sodium  carbonate  to  remove  free  cinnamic  acid,  and  kneading  the 
spongy  residue  between  the  fingers.  Styracin  then  runs  out  as  an  oily  liquid, 
and  may  be  obtained  in  tufts  of  beautiful  prisms  by  crystallization  from 
alcohol.  When  distilled  with  potash,  it  is  resolved  into  cinnyl  alcohol  and 
cinnamic  acid. 

Atbopic  Acid,  CgHgOj,  is  a  crystalline  acid,  isomeric  with  cinnamic  acid, 
obtained,  together  with  a  basic  compound,  iropme,  by  the  action  of  alkalies 
on  atropine,  an  alkaloid  existing  in  Atropa  Belladonna  and  Datura  Siram- 


munuum: 


C„HaNO,        =        C,H,0,        +        C,H„NO 
Atropine.  Atropic  acid.  Tropine. 


DIATOMIC  ACIDS. 


These  acids  are  derived  from  diatomic  alcohols  by  substitution  either  of 
0  for  H,,  in  which  case  they  contain  three  atoms  of  oxygen  and  are  mono- 
basic, or  by  substitution  of  0,  for  11^,  in  which  case  they  contain  four  atoms 
of  oxygen  and  are  bibasic. 

The  relation  between  the  saturated  hydrocarbons,  the  glycols,  and  the 
diatomic  acids,  is  shown  in  the  following  table: 


Glycols. 

Diatomic  Acids. 

Hydrocarbons. 

Monobasic.           Bibasic. 

CnHjn+j 

CnH2n+202 

C„H,„0,            C„H:to^20, 

CnHta 

CJl^aOj 

CJl2„-,03           Cnllj^^O, 

CnHja— s 

CnHfti— 2O2 

CnH2B_40g           CnH3in_^04 

CnHjB-* 

Cn"2n — 1C2 

Coll2n-e0,        CJIte-^jO^, 

&0 

&c. 
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IHfttomio  and  Xonobaaio  Aeids. 

1.— Lactic  Series,  CaHtaOr 

The  acids  of  this  series  may  be  divided  into  two  groups,  di8ting;ui8h«d 
as  normal  lactic  acids  and  iMolactic  acidu.  The  known  members  of  the  aeries 
are: 

Gly collie  or  Oxyacetic  acid,  C3H.O,. 

Lactic  or  Oxy propionic  acid,  C,HfO,. 

Oxybutjric  acid,  C.HgO,,  and  its  isomer,  Dimethoxalic  acid. 

Oxy  valeric  acid,  C5H10O,,  and  ita  isomer,  Ethometh  oxalic  acid. 

Leucic  or  Oxycaproic  acid,  CgHj^Oy,  and  isomer,  Diethoxalie  acid. 

Acids  homologous  with  dimeihoxalic  acid,  and  containing  7,  9,  and  12 
atoms  of  carbon,  have  also  been  obtained. 

The  normal  lactic  acids  correspond  to  the  diatomic  alcohols  homologoos 
with  ethenic  alcohol  (glycol) ;  thus : 


C.-1  Hto-iOH 

C^iH„-^I 

1 
CH3OH 

COOH 

Diatomic 

Normal  acid  of 

alcohol. 

lactic  series. 

If  in  the  second  formula  we  make  n  successiyely  equal  to  1,  2,  3,  &c., 
we  get  the  series : 

OH  CHjOH  CjH^OH  CgH,OH 

COOH  COOH  COOH     *  COOH 

Carbonic      Gly  collie  Lactic  Oxy  butyric 

acid.  acid.  acid.  acid. 

Carbonic  acid  is,  however,  a  bibasic  acid,  for  reasons  which  will  be  ex- 
plained further  on,  and  will  be  considered  by  itself. 
The  normal  lactic  acids  are  produced : 

1.  From  the  glycols  by  slow  oxidation  in  contact  with  platinum  black,  or 
by  the  action  of  dilute  nitric  acid.  The  higher  glycols,  however,  arepartlj 
split  up  by  oxidation,  part  of  their  carbon  as  well  as  hydrogen  being  oxi- 
dized, and  a  lower  acid  of  the  series  produced ;  thus  amylene  glycol  yields 
oxybutyric  instead  of  oxyvaleric  acid. 

2.  By  the  action  of  moist  silver  oxide  on  the  monochlorinated  or  mono- 
brominated  fatty  acids  (p.  708),  t.  g,: 

C,H,C10,     +    AgHO    =    AgCl    +    C,n.O, 
Chloropro-  Lactic 

pionic  acid.  acid. 

By  the  action  of  nitrous  acid  on  the  amidated  derivatives  of  the  fatty 
acids ; 

CjHjNO,    +    NOaH    =    C,H^O,    +    OH,    +    N, 
Amidacetic  acid  Qlycollic 

(glycocine).  acid. 

C(C»Hn.+,),OH 
The  Itolactic  acids  are  represented  by  the  general  formula,  I 

COOH 

They  are  obtained  in  the  form  of  ethers  by  the  action  of  the  linc-com- 
pound  of  an  alcohol-radical,  CnHjn+i,  on  a  neutral  ether  of  oxalic  acid  con- 
taining a  radical  of  the  same  series,  such  as  diethylic  oxalate.     The  reac- 
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lion  consists  in  the  replacement  of  an  atom  of  oxygen  in  the  oxalic  ether 
by  two  equivaleDts  of  alcohol-radical,  and  the  simultaneous  replacement  of 
an  equivalent  of  ethyl,  methyl,  Ac,  in  the  oxalic  ether  by  an  equivalent  * 
of  xino,  whereby  an  ether  of  zino-diethyloxalio  acid,  &c.,  is  produced,  which 
by  certain  obvious  transformations  may  be  converted  into  the  required 
acid;  thus: 

COOCH,  C(C,H,),OZn' 

I  +    2Zn'C,H,  =  Z^'(CH,)0    +        I      ^„ 

COOCH,  COOCH, 

Dimethylio  Zinc  Zinc  Methylic  zinoo- 

oxalate.  methide.        methylate.  diethoxalate. 

C(C,H5)gOZn^  .  C(C,H,),OH 

I  +  HOH      s      Zn'HO        +         I 

COOCH,  COOCH, 

Methylic  linco-  Water.  Zinc  Methylic 

diethoxalate.  hydrate.  diethoxalate. 

The  methylic  diethoxalate  is  easily  decomposed  by  baryta-water,  yield- 
ing methyl  alcohol  and  barium  diethoxalate : 

C(C,H5),0H  C(C,H5),0H 

I  ^       '^"^     +  Ba^HO      =     CH.(OH)      +       1  ^^   *' 

COOCH,  COOBa' 

Methylic  Barium 

diethoxalate.  diethoxaUte. 

And  this  salt  decomposed  by  sulphuric  acid  yields  diethoxalic  acid, 
C(C,Hj),OH 

,  isomeric  with  leucic  acid. 
OOH 

In  the  first  stage  of  the  process  it  is  found  best  to  use  a  mixture  of  ethyl 
iodide  with  metallic  zinc,  which  produces  zinc-ethide,  instead  of  the  latter 
compound  previously  prepared.  The  other  isolactic  ethers  are  prepared 
in  a  similar  manner. 

The  acids  of  either  gproup  are  reduced  by  hydriodic  acid  to  the  corre- 
sponding acids  of  the  acetic  series  ;  e.  g, : 

C,H,0,      +      2HI      =      C,H,0,      +      OH,  +      I, 
Lactic  Propionic 

acid.  acid. 

The  ethereal  salts  of  the  isolactic  acids  are  converted  by  phosphorus  tri- 
chloride or  pentoxide,  into  ethers  of  the  iso-acrylic  acids  (p.  625);  the 
ethereal  salts  of  the  normal  lactic  acids  do  not  exhibit  this  reaction. 

The  normal  lactic  acids,  when  heated,  give  up  a  molecule  of  water,  and 
are  converted  into  oxygen  ethers  or  anhydrides ;  t,  g. : 

C,H,0,        —        OH,        «        C,H,0, 
Lactic  Lactide. 

acid. 

Two  molecules  of  a  normal  lactic  acid  may  also  be  deprived  of  a  molecule 
of  water,  thereby  producing  a  condensed  acid,  analogous  to  the  polyethenio 
alcohols ;  e.  g, : 

2C,H,0,         —        OH,  =         CH„o05 

Lactic  Dilactic 

acid.  acid. 

*  To  ilinpUfy  th«  eqnfttions,  we  have  made  nae  of  the  equivalent  (32*5)  instead  of  the  atom 
(tt)  of  line,  denoting  It  by  the  symbol  Zn'. 


d 


644         DIATOMIC   AND   MONOBASIC  ACIDS,  CnH^O^ 

CHjOH 
OljooUie  Aeid,  C,H40g    =     |  .  —  This  acid  is  produced  in  a  Tsriety 

COOH 
of  reactions,  sereral  of  which  have  been  already  mentioned,  riz.,  the  oxi- 
dation of  glycol  by  contact  with  platinum  black  or  by  treatment  with  dilute 
nitric  acid ;  the  decomposition  of  beiizoglycollic  acid  by  boiling  with  water : 
the  decomposition  of  glycocine  by  nitrous  acid ;  the  action  of  water  or 
alkalies  on  bromaoetic  and  chloracetic  acid,  or  their  salts  (pp.  603,  614, 
638J,  e,  ffn,  by  boiling  silver  bromacetate  with  water : 

CjHjBrAgO,        +        OH,        =        AgBr        +        C,H,0, 

It  is  also  produced :  a.  By  the  action  of  alkalies  on  glyoxal  and  gljoxjUe 
acid: 

CjHjO-        +        OH,        =        CjH^O, 


Glyozai. 


Glycollic  acid. 


2C,H404        =        C,H,04        +        CjH^O,        -f        OH^ 
Glyoxylic  Oxalic  Glycollic 

acid.  acid.  acid. 

/?.  Together  with  glyoxal,  glyoxylic  acid,  and  other  products  by  the  ac- 
tion of  nitric  acid  upon  alcohol. 

y.  By  the  action  of  nascent  hydrogen  (evolyed  by  zinc  and  salphnric 
acid)  upon  oxalic  acid : 

C,HA        +         2H,        =        OH,        +        C,H,0, 
Oxalic  Glycollic 

acid.  acid. 

Glycollic  acid  differs  somewhat  in  its  properties,  according  to  the  man- 
ner in  which  it  is  prepared,  being  sometimes  syrupy  and  uucrjstalUxable, 
sometimes  separating  from  its  solution  in  ether  in  large  regular  crjsials. 
It  has  a  very  sour  taste,  dissolves  easily  in  water,  alcohol,  and  ether;  meltd 
at  78°  or  79°  G.  (172°-!  74°  F.) ;  begins  to  boil  at  100° ;  decomposes  wJiea 
heated  to  above  150°  C.  (302°  F.).  All  the  glycoUates  are  more  or  lesseolu- 
ble  and  crystallizable. 

Diglyeollic  acid,  C^H^Oj  =  202H^O.  —  OH,,  also  called  Paramalk  acid.— 
This  acid,  isomeric  with  malic  acid,  and  related  to  glycollic  acid  in  the 
same  manner  as  diethenic  alcohol  to  glycol,  is  produced  by  the  dehydra- 
tion of  glycollic  acid,  and  by  the  oxidation  of  diethenic  or  triethenic  alco- 
hol. It  is  also  formed  in  the  preparation  of  glycollic  acid  by  heating 
sodium  chloracetate  with  caustic  soda,  which  in  fact  is  the  process  bj  which 
it  was  first  obtained  : 

C,H,C10^     -f     2NaH0     =     NaCl     -f      OH,     +      C.H,NaO, 

Chloraceiio  Sodium  gly- 

acid.  collate. 

C,H,C10,        +        CjHsNaOj        »        NaCl        -f         C-H,0, 
Chloracetic  Sodium  DigljcoUie 

acid.  glycollate.  &cid« 

Diglyeollic  acid  is  a  crystalline  bibasic  acid,  forming  with  univalent 
metals,  normal  salts  containing  C^HjM'Og,  and  acid  salts,  C^H^MjO,;  with 
bivalent  metals  it  forms  only  normal  salts,  C4H^M'^0,. 

C,H,On  f  HC.H.OH 

Lactic  Acid,  G^Tlfi^  —    \  otQ\0''         .—Of  this  acid  there  are 

COOH  ( OH 

two  modifications:  one  called  ordinary  lartie  acid,  produced  by  a  peculiar 
fermentation  of  sugar;    the  second,    called  paralaciie  or  aareolae4k  acid, 
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existing  in  muscular  flesh.     The  difference  of  constitution  between  these 
two  acids  is  represented  by  the  following  formulie  : 

CH,  CHjOH 

CHOH  CH, 

COOH  COOH 

Ordinary  lactic  acid.        Paralaotio  acid. 

Ordinary  lactic  acid  is  also  produced  by  the  first  three  general  methods 
given  on  page  642,  viz.,  by  the  slow  oxidation  of  propene  glycol ;  by  the 
action  of  moist  silver  oxide  on  chloro-propionic  or  bromo-propionic  acid ; 
and  by  the  action  of  nitrous  acid  on  alanine ;  further,  by  the  following 
special  processes: 

a.  By  the  action  of  nascent  hydrogen  on  pyruyic  acid : 

C,H,0,        4-        H,        =        C,H,0,. 

$.  By  the  action  of  hydrocyanic  acid  and  water  on  acetic  aldehyde : 

CH, 
CH,  I 

I  +  CNH        =        CHOH 

CO^'H  I 

CN 
Aldehyde.  Hydrocyanic    Unknown  inter- 

acid,       mediate  compound. 

CH, 


+        20H,        = 


NH, 


+        CHOH 


d. 


JOOH 
Lactic  acid. 


CH, 

I 
CHOH 

I 
CN 

Intermediate 

compound. 

Paralactic  acid  is  produced: — 1.  By  heating  ethene  chlorohydrate  with 
an  alcoholic  solution  of  potassium  cyanide,  and  boiling  the  resulting 
ethene  cyano-hydrate  with  caustic  potash,  whereupon  ammonia  is  given 
off,  and  potassium  paralactate  is  produced : 

CH-OH 

CNK        =        KCl 


CHjCl 
Ethene  chlor- 
hydrate. 

CHjOH 

CHjCN 

Ethene  cyano- 

hydrate. 


+ 


+ 


+        20H,       =        NH,        + 


CH,OH 

CHjCN 

Ethene  cyano- 

hydrate. 

CH,OH 

CH, 

I 
COOH 

Paralactic 
acid. 


2.  By  combining  ethene  with  carbonyl  chloride,  whereby   paralactyl 
chloride  is  produced,  and  decomposing  this  chloride  with  an  alkali : 


CH, 
CH, 


+ 


COCl, 


Ethene. 


CHjCl 
=  CH, 

COCl 
Paralactyl  chloride. 
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CHjCl  CHjOH 

CH,        +        2H0H         =         2Ha        +        CH, 

COCl  COOH 

Paralactyl  chloride.  Paralactie  acid. 

Paralactic  acid  is  extracted  from  muscular  flesh  by  cold  water  or  dilate 
alcohol. 

Preparation  of  ordinary  lactic  acid  by  Fermenfation  — Various  kinds  of  sugar, 
and  dextrin,  when  subjected  to  the  action  of  particular  ferments,  are  con- 
verted into  lactic  acid,  the  change  consisting  in  a  resolution  of  the  molecule, 
preceded  in  some  cases  by  the  assumption  of  the  elements  of  water: 

C,H„Oe  =  2C,H,0, 

Glucose.  Lactic  acid. 

Ci,H„0„        +        OH,        +        4C,H/), 
Milk  sugar.  Lactic  acid. 

This  lactous  fermentation  requires  a  temperature  between  20®  and  4(f  C 
(58°  and  104°  F.),  and  the  presence  of  water  and  certain  ferments —riz., 
albuminous  substances  in  a  peculiar  state  of  decomposition,  such  as  casein, 
glutin,  or  animal  membranes,  especially  the  coating  of  the  stomach  o(  the 
calf  (rennet),  or  of  the  dog,  or  bladder.  According  to  Pasteur  and  others, 
it  depends  upon  the  presence  of  a  peculiar  fungus,  PenicilUum  glavtwn  (p. 
521).  The  following  is  a  good  method  for  preparing  the  acid  in  consider- 
able quantity:  2  gallons  of  milk  are  mixed  with  6  pounds  of  raw  sugar,  12 
pints  of  water,  8  ounces  of  putrid  cheese,  and  4  pounds  of  chalk,  which 
should  be  mixed  up  to  a  creamy  consistence  with  some  of  the  liquid.  This 
mixture  is  exposed  in  a  loosely  covered  jar  to  a  temperature  of  about  S0° 
C.  (86°  F.),  with  occasional  stirring.  The  use  of  the  chalk  is  to  neutralise 
the  lactic  acid,  which  would  otherwise  coagulate  the  casein,  render  it  insol- 
uble, and  thereby  put  a  stop  to  the  process.  At  the  end  of  two  or  three 
weeks  it  will  be  found  converted  into  a  semi-solid  mass  of  calcium  lactate, 
which  may  be  drained,  pressed,  and  purified  by  re-crystallixation  from 
water.  The  lactate  may  be  decomposed  by  the  necessary  quantity  of  pure 
oxalic  acid,  the  filtered  liquor  neutralized  with  zinc  carbonate,  and,  after 
a  second  filtration,  evaporated  until  the  zinc-salt  crystallizes  out  on  cooling. 
An  important  modification  of  this  process  consists  in  employing  commercial 
zinc-white  instead  of  powdered  chalk,  which  yields  at  once  difficultly  soluble 
zinc  lactate,  easily  purified  by  re-crystallization.  The  zinc  lactate  maj, 
lastly,  be  re-dissolved  in  water,  and  decomposed  by  sulphuretted  hydrogen, 
in  order  to  obtain  the  free  acid.  Together  with  the  lax;tic  acid  a  cermin 
quantity  of  mannite  is  invariably  formed.  This  is  separated  by  agitating 
the  concentrated  aqueous  solution  with  ether,  in  which  lactic  acid  alone  ij 
soluble. 

If,  in  the  first  part  of  the  process,  the  solid  calcium  lactate  be  not  re- 
moved at  the  proper  time  from  the  fermenting  liquid,  it  will  gradually 
re-dissolve  and  disappear,  being  converted  into  soluble  butyrate  ^p.  617). 

Lactic  acid  may  be  extracted  from  a  great  variety  of  liquids  containiog 
decomposing  organic  matter,  as  sauerkraut^  a  preparation  of  white  cahbage, 
the  sour  liquor  of  the  starch-maker,  &c. 

Solution  of  lactic  acid  may  be  concentrated  in  the  vacuum  of  the  air- 
pump,  over  a  surface  of  oil  of  vitriol,  until  it  appears  as  a  colorless,  syrupy 
liquid,  of  sp.  gr.  1-215.  It  has  an  intensely  sour  taste  and  acid  reaction: 
it  is  hygroscopic,  and  very  soluble  in  water,  alcohol,  and  ether.  All  Us 
salts  are  soluble. 

When  syrupy  lactic  acid  is  heated  in  a  retort  to  130°  G.  (266°  F.),  water 
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eontaining  a  little  lactic  acid  distils  over,  and  the  residue  on  cooling  forms 
a  yellowish,  solid,  fusible  mass,  Tery  bitter,  and  nearly  insoluble  in  water. 
This  is  dilaettc  acid,  CgHi^jOj— 2C5H-O, — OH,.  Long-continued  boiling  with 
wat-er  re-cou verts  it  iuio  lactic  acid.  When  this  substance  is  further  heated, 
it  decomposes,  yielding  numerous  products.  One  of  these  is  laetide,  or 
lactic  anhydride,  CjH^O,,  a  volatile  substance,  crystallizing  in  brilliant, 
colorless,  rhombic  plates,  which,  when  put  into  water,  slowly  dissolve,  with 
prodaction  of  lactic  acid. 

Lac  tide  combines  with  ammonia,  forming  lactamide,  a  soluble  crystallizable 
substance  isomeric  with  alanine  or  amidopropionic  acid  (p.  615).  The  dif- 
ference between  these  two  bodies  and  their  relation  to  lactic  acid  is  ex- 
hibited by  the  following  formulae : 

CjH^NH,  C3H4OH  CjH^OH 

COOH  COOH  CONH, 

Alanine.  Lactic  acid.  Lactamide. 

Alanine  may  be  derived  from  lactic  acid  by  substitution  of  amidogen  for 
the  alcoholic  hydrozyl  of  the  acid  Twhich  comes  to  exactly  the  same  thing 
as  replacing  an  atom  of  hydrogen  in  propionic  acid,  C^HgOy  by  amidogen) ; 
accordingly  it  retains  an  atom  of  basic  hydrogen,  and  therefore  reacts  as 
an  acid  (lactamio  or  amidopropionic  acid) ;  but  in  lactamide  the  basic  hy- 
dro xyl  is  replaced  by  amidogen,  and  therefore  the  compound  is  neutral. 

Another  product  of  the  action  of  heat  on  lactic  acid  is  lactone^  a  colorless 
volatile  liquid,  boiling  at  92*2^  C.  (198°  F.).  Acetone  is  also  formed,  and 
carbon  monoxide  and  dioxide  are  given  off.  Lactic  acid,  boiled  with  dilute 
nitric  acid,  or  with  dioxide  of  lead  or  barium,  is  converted  into  oxalic  acid. 
Pistilled  with  dilute  sulphuric  acid  and  dioxide  of  lead  or  manganese,  it 
yields  a  large  quantity  of  aldehyde,  together  with  carbon  dioxide.  Hy- 
driodic  acid,  or  a  mixture  of  phosphorus  tetroxide  and  water,  reduces  it 
to  propionic  acid,  with  liberation  of  iodine : 

C,HeO,    +    2HI    =:     C,H,0,    +    OH,    +    I,. 

Paralaetic  acid  in  solution  or  in  the  syrupy  state  is  undistinguishable  from 
ordinary  lactic  acid.  When  heated  it  is  converted  into  lacLide,  which,  when 
boiled  with  water,  yields  ordinary  lactic  acid. 

Lactates.  — The  best  defined  of  these  salts  are  represented  by  the  formuloB, 
Cgll^OjM^  and  (CgHjO,),^!^^.  Barium  and  calcium  also  form  acid  lactates, 
«•  ff-t  (CjHsOJ-Ca^^ .  2C,II«03.  The  lactates  are,  for  the  most  part,  sparingly 
soluble  in  cold  water,  and  effloresce  rapidly  from  their  solutions :  they  are 
all  insoluble  in  ether.  When  heated  with  excess  of  strong  sulphuric  acid, 
they  give  off  a  large  quantity  of  pute  carbon  monoxide, 

The  paralactates  have,  for  the  most  part,  the  same  composition  as  the 
lactates;  but  some  of  them  differ  in  form,  solubility,  and  other  characters. 

Calcium  lactate^  (C,Ef(}^)fiti^^ .  5  Aq.,  is  obtained  in  the  fermentation  pro- 
cess above  described,  or  by  boiling 'aqueous  lactic  acid  with  calcium  car- 
bonate. It  dissolves  in  9*5  parts  of  water  at  ordinary  temperatures.  The 
paralactate  contains  only  4  molecules  of  water,  which  however  it  retains 
longer  than  the  lactate,  and  requires  12  parts  of  water  to  dissolve  it.  — 
Zinc  lactate,  (CgHg08)aZn^'.3  Aq.,  gives  off  its  water  quickly  at  100°,  dis- 
solves in  6  parts  of  boiling  water,  in  6'8  parts  of  cold  water,  and  is  nearly 
insoluble  in  alcohol.  The  paralactate  contains  only  2  molecules  of  crystal- 
lization-water, which  it  retains  with  considerable  force.  It  dissolves  in 
2-88  parts  of  boiling,  5*7  parts  of  cold  water,  and  in  2-23  parts  of  alcohol, 
either  cold  or  boiling.  —  Ferrous  lactate  is  precipitated  in  small  yellowish 
needles  on  mixing  ammonium  lactate  with  ferrous  chloride  or  sulphate.  — 
Ferric  lactate  is  i^  brown  deliquescent  mass. 
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Lottie  EtherM.  —  Luetic  acid,  like  the  other  members  of  the  group,  can 
form  three  different  ethers  containing  the  same  uniTaleni  alcohoi-radical, 
according  as  the  alcoholic  or  the  basic  hjdrogen-atom,  or  both,  are  re- 
placed; thus: 

GjH^OH  CjH^OCjHj  C,H^OH  C,H^OC,H, 

COOH  COOH  COOC,H,  COOC.H, 

Lactic  Ethyl-lactic  Monethylic    Diethjlic  laciafe, 

acid.  acid.  lactate.  or  ethjlic  ethyl 

lactate. 

Moneikylic  iMtate^  CJRfi^ .  CjH^i  is  produced  by  distilling  potassium  or 
sodium  lactate  with  potassium  eihylsulphate.  It  is  a  syrupy  liquid,  boiling 
at  176°  C.  (348°  F.).     Potassium  dissolves  in  it,  with  evolution  of  hydrogen, 

CjH^OK 
forming  ethylie  potfuiw-lactate,    I  .  —  Ethyl-laetic  add,  C,H.(C,H.)Of  U, 

COCjH, 
is  obtained  as  a  potassium  or  calcium-salt  by  decomposing  diethylic  lactate 
with  potash  or  milk  of  lime.  When  separated  from  these  salts  by  suiphurie 
acid,  it  forms  a  viscid  liquid,  boiling  with  partial  decomposition  between 
196°  and  198°  C.  (883°-888°  F.).  Diethylic  lactate,  C3H^(CgHj)0,.  C,Hj.  is 
produced  by  the  action  of  ethyl-iodide  on  ethylie  potassio-lactate,  or  on 
sodium  ethylate,  and  by  that  of  sodium  ethylate  on  ethyl-chloropropiontte : 

C,H^C10.C,H5      +      C.H.ONa    =    NaCl    -f     C.H^O,.  (C,Hj), 
£thyl-chloro-  Bodium  Diethylic 

propionate.  ethylate.  lactate. 

Methyllactie  acid,  Cfi^{CIl^)0^(OU)f  and  its  zinc  and  silver  salts  have  also 
been  obtained. 

The  alcoholic  hydrogen  of  lactic  acid  may  also  be  replaced  by  ncid  radi- 
cals, forming  such  compounds  as  acetolactic  acid,  C,H4(C,H30)02 .  OH. 

Lactyl  Chloride,  CjH^OCly  ob  Chlobopbopionyl  Chloride,  CjH^ClO . 
CI,  is  obtained,  together  with  phosphorus  oxychloride,  by  gently  heating  a 
mixture  of  calcium  lactate  with  phosphorus  pentachloride ;  also  by  the 
direct  combination  of  ethene  with  carbonyl  chloride.  It  is  a  colorless 
liquid,  boiling  above  100°,  and  decomposed  with  water,  forming  hydro- 
chloric and  chloropropionic  acids. 

CftHjoOH 
Lenoio  Add,  CgHj^O,  =   1  •  —  This  acid,  isomeric  with  diethoxalie 

COOH 
acid,  is  produced  by  the  action  of  nitrous  acid  on  leucine  or  amidoeaproie 
acid  (p.  619).  It  forms  needles  or  monoclinic  prisms,  poluble  in  water,  al- 
cohol, and  ether,  melting  at  about  73°  C.  (168°  F.),  and  volatilizing  at  lOO''. 
When  heated  for  some  time  at  that  temperature,  it  gives  off  water,  and 
leaves  a  syrupy  oxide  or  anhydride.  It  forms  crystRllizable  salts  analogoas 
to  the  lactates. 


rOH 
Carbonic  Aoid,  CH.O.  =  C  ^  O^^.  —  This  acid  belongs  to  the  lactie  series, 

(OH 
so  far  as  its  constitution  is  concerned,  being  derived  from  the  unknowB 

fOH 
methane  glycol,  C  J  H- ,  by  substitution  of  0  for  H,:  but  it  differs  from  all 

I  OH 
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the  other  acids  of  the  series  in  being  bibasio,  both  the  hydroxjrl  groups 
contained  in  it  being  immediately  connected  with  an  atom  of  oxygen,  so 
that  either  of  the  hydrogen-atoms  may  be  regarded  aa  belonging  to  the 
group  CO,U. 

Carbonic  acid  itself,  or  hydrogen  carbonate,  is  not  known,  inasmuch  as 
when  a  metallic  carbonate  is  decomposed  by  a  stronger  acid,  the  hydrogen 
earbonate,  CH.Oj,  always  splits  up  into  water  and  carbon  dioxide,  which 
escapes  as  gas.  The  corresponding  sulphur-compound,  CH^S,,  is,  how- 
erer,  obtained  as  an  oily  liquid  when  a  metallic  sulpho-carbouate  is  decom- 
posed by  an  acid  (p.  203). 

With  the  alkali-metals  carbonic  acid  forms  acid  and  normal  or  neutral 
salts,  according  as  one  or  both  of  the  hydrogen-atoms  are  replaced ;  e,  g,i 

f  OH 
Acid  sodium  carbonate,      .  CHXaO,,  or  CO  <  q^^ 

Normal  sodium  carbonate,     CNa^O,,    or  CO(ONa)f 

With  the  earth-metals  and  otller  dyad  metals,  carbonic  acid  forms  only 
normal  salts,  CM^^Oj,  and  basic  salts ;  the  so-called  acid  carbonates  of 
barium,  calcium,  &c.,  are  known  only  in  solution,  and  are,  in  fact,  merely 
solutions  of  neutral  carbonates  in  aqueous  carbonic  acid,  which  give  off 
carbon  dioxide  on  boiling.  The  basic  carbonates  of  dyad  metals  may  be 
Tiewed  as  compounds  of  normal  carbonates  with  metallic  oxides  or  hydrates; 
for  example,  slaked  lime,  produced  by  exposing  quicklime  to  moist  air,  has 
the  composition  of  a  dicalcic  carbonate,  Ca^^O .  CO,Ca^^ .  Aq. ;  and  native 
green  copper  carbonate,  or  malachite,  consists  of  Cu'^O  .  COgCu'^ .  Aq. 
These  baste  carbonates  may,  howeyer,  be  viewed  in  another  way,  namely, 
as  derived  from  a  tetratomic  carbonic  acid,  or  orthocarbonic  acid,  CH^,04.  or 
C(OH)4,  analogous  to  methane  and  carbon  tetrachloride ;  thus,  dicalcic  car- 
bonate =  CCa^'jO^.  Aq. ;  malachite  =  CCu^'jO^.  Aq, 

With  metals  of  higher  atomicity,  carbonic  acid  does  not  form  definite  salts. 

Carbohic  Ethers.  — The  only  carbonic  ethers  known  are  those  in  which 
the  two  hydrogen-atoms  of  carbonic  acid  are  replaced  either  by  two  equiv- 
alents of  a  monad  alcohol-radical,  or  by  one  equivalent  of  a  monad  alco- 
hol-radical and  one  equivalent  of  a  metal. 

Ethyl  carbonate,  003(0,115),,  is  formed  by  the  action  of  ethyl  iodide  on 
■ilTcr  carbonate : 

COjAg,      +      2C,HJ      =      2AgI      -f      CO,(C,H,),; 

also  by  the  action  of  potassium  or  sodium  on  ethyl  oxalate,  C204(C2H,)2: 
this  reaction  is  not  quite  understood  ;  but  it  amounts  to  the  removal  of  car- 
bon monoxide,  or  carbonyl,  CO,  from  the  oxalic  ether.  Fragments  of  po- 
tassium or  sodium  are  dropped  into  oxalic  ether  as  long  as  gas  is  disen- 
gaged: the  brown  pasty  product  is  then  mixed  with  water  and  distilled. 
The  carbonic  ether  is  found  floating  upon  the  purface  of  the  water  of  the 
receiver  as  a  colorlef<s,  limpid  liquid  of  aromatic  odor  and  burning  taste. 
It  boils  at  125^0.  (257^  F.),  and  is  decomposed  by  an  nlcoholic  solution  of 
potash  into  potassium  carbonate  and  alcohol.  By  chlorine  in  diffused  day- 
light it  is  converted  into  tetrachlorethyl  carbonate,  CO,.  (CgHjCl,),,  and  in 
sunshine  into  pentachlorethyl  carbonate,  CO,(C,Cl^)|. 

EthyUpotatnum  carbonate,  CO,(C,H^)K,  is  produced  by  passing  carbonic 
acid  gas  into  a  cooled  solution  of  potassium  hydrate  in  absolute  alcohol : 

C,H,0     -f     KHO     -f     CO,    =     OH,    +     CO,.(C,H,)K. 

It  is  a  white  nacreous  salt,  decomposed  by  water  into  potassium  carbonate 
and  alcohol. 
65 
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Ethyl-methyl  earbonatBy  C03(C,Hj)(CH,)«  is  obtained  by  distilling  a  mixture 
of  ethyl-potassium  sulphate  and  methyl-potassium  carbonate : 

S0,.(CJl5)K    +    C0,.(Cn3)K    =    SO.K,    -f    CO,(C,n^)(CH,). 

Methyl- barium  carbonate^  (CO,)2(CIl3)2Ba^'',  is  obtained  as  a  white  pre- 
cipitate by  passing  carbonic  acid  gas  into  a  solution  of  baryta  in  metbjl 
alcohol. 

Carbonates  of  butyl,  amyl,  and  allyl,  analogous  in  composition  to  ethrl 
carbonate>  have  also  been  obtained.  Phenyl  hydrogen  carbonate^  or  and 
phenyl  carbonate,  CO,(CqHj)H,  is  identical  with  salicylic  acid,  which  will  be 
described  further  on. 

Ethyl  orthoearbonate*  CfOCjHj)^,  is  produced  by  heating  a  mixture  of 
ohloropicrin  (trichloro-nitromethane)  with  absolute  alcohol  and  sodium: 

C(NO,)Cl,    +    4C,Hj^XaO    =    SNaCl    +    NO^Na    -f    C(OC,H,)^ 
Chloropicnn.  Sodium  Sodium  Sodium        Ethyl  ortho- 

ethylate.  chloridf.         nitrite.  carl>onate. 

It  is  a  colorless  oil,  boiling  at  lo8°-159«»C.  (3130-318<»P.).  Heated  with 
boric  oxide  t<^  100°,  it  is  resolved  into  ethyl  anhydroborate  (p.  528),  and 
ordinary  ethyl  carbonate : 

C(0C,H8),    +    2B,03    =    2B0,C,H5 .  B,0,    -f     CO,(C,Hj),. 

Sdlphocabbonic  Ethebs.  —  These  are  bodies  having  the  composition  of 
carbonic  ethers  in  which  the  oxygen  is  replaced,  wholly  or  partly,  by  sul- 
phur. The  following  table  exhibits  their  names  and  formulse,  the  eihvl 
and  ethene  compounds  being  taken  as  examples : 

Ethyl-monosulphocarbonic  acid     .         .         .  CO,S  .  (C,Hs)H. 
Diethylic  monosulphocarbonate     .         .         .  CO^  .  (C^H^L 
Ethyl-disulphocarbonic  or  Xanthic  acid        .  COS,  .  (C^H^)!!. 
Diethylic  disulphocarbonate  .         .         .  COS, .  (CjH.)^ 

Ethyl-trisulphocarbonib  acid  .         .         .  CS, .  (r,ll5)H. 

Diethylic  trisulphocarbonate  .         .         .  CS, .  (CjlL),- 

Ethene  disulphocarbouate      ....  COS,  .  (C,ll^)'^. 
Ethene  trisulphocarbonate    ....  CS,  .  (C^H^)'^'^. 

The  metallic  salts  of  the  acid  tulphocarbonic  ethert  are  produced  in  the 
same  manner  as  those  of  the  carbonic  ethers:  thus  carbonic  dioxide  unites 
with  potassium  sulphethylate  (mercaptide),  to  form  potassium  ethyl-mono- 
sulphocarbonatc,  just  as  it  unites  with  potassium  ethylate  to  form  the  ethrl- 
carbonate ;  and,  in  like  mnnner,  carbon  disulphide  acts  on  potas$ium 
ethylate  or  alcoholic  potash,  so  as  to  form  potassium  ethyldisulphocarbon- 
ate  ;  and  on  potassium  mercaptide,  or  an  alcoholic  solution  of  the  sulpb- 
hydrate,  so  as  to  form  the  ethyltrisulphocarbonate,  thus: 

COj  -f  (r,H4)K0  =  C0,(CjH5)K  Ethylcarbonate. 

CO,  -f  ((^jHJkS  r^  CO^((\H,)K  Ethylmonosulphocarbonate. 

CS,  -f  (C^rijiJsKO  =  COS,(C»H,)K  Ethyldisulphocarbonate. 

CS,  4-  (t',»5)KS  =  CS,(C,H5)K  Ethyltrisulphocarbonate. 

The  neutral  aulphocarbonie  ethers  (containing  monatomic  alcohol-radicals) 
are  produced  by  the  action  of  the  chlorides,  bromides,  &c.  of  alcohol-radi- 
cals on  the  metallic  salts  of  the  corresponding  acid  ethers,  e.  g. : 

(C,H,)KCS,    +     C,HjCl    =     KCl     +     (C,H.),CS, 
Potassic  ethyl-  Ethylic  trisul- 

trisulphocarbonate.  phocarbonate. 

*  //.  BasKU,  Cbem.  Soc.  .TonriiJil  [2],  i.  108. 
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The  lulphocarbonio  ethers  of  diatomic  ftlcohol-radicals  are  formed  by  the 
aotion  of  diatomic  alcoholio  bromides,  iodides,  &e.,  on  sodium  sulphocar- 
bonate,  e,  g. : 

an^Br,    +    CSjNa,    =    2NaBr    +    CS,(C,H^)'^ 
Ethene  Etnene  tri- 

bromide.  sulphooarbonate. 

The  neutral  sulphocarbonic  ethers  are  oily  liquids ;  so  likewise  are  the 
acid  ethers,  such  at  least  as  are  known  in  the  free  state,  or  as  hydrogen- 
salts;  their  metallic  salts  are  mostly  crystalline.  The  best  known  of  these 
compounds  are  the  tihylditulphocarbonatea  or  xatUhaiet. 

To  prepare  xantkie  acid,  alcohol  of  0*800  sp.  gr.  is  saturated,  whilst  boil- 
ing, with  potash,  and  into  this  solution  carbon  bisulphide  is  dropped  till  it 
ceases  to  be  dissolved,  or  until  the  liquid  loses  its  alkalinity.  On  cooling 
the  whole  to  — 18°  C.  (0°  F.),  the  potassium-salt  separates  in  the  form  of 
brilliant,  slender,  colorless  prisms,  which  must  be  quickly  pressed  between 
folds  of  bibulous  paper,  and  dried  in  a  vacuum.  It  is  freely  soluble  in 
water  and  alcohol,  but  insoluble  in  ether,  and  is  gradually  destroyed  by 
exposure  to  air,  by  oxidation  of  part  of  the  sulphur.  Xanthic  acid  may  be 
prepared  by  decomposing  this  salt  with  dilute  sulphuric  or  hydrochlorio 
acid.  It  is  a  colorless,  oily  liquid,  heavier  than  water,  of  powerful  and 
peculiar  odor,  and  yery  combustible :  it  reddens  litmus-paper,  and  ulti- 
mately bleaches  it.  Exposed  to  gentle  heat  (about  24°  C.  [76°  F.]),  it  is 
decomposed  into  alcohol  and  carbon  bisulphide.  Exposed  to  the  air,  or 
kept  beneath  the  surface  of  water  open  to  the  air,  it  becomes  coyered  with 
a  whitish  crust,  and  is  gradually  destroyed.  The  xanthates  of  the  alkali- 
metals  and  of  barium  are  colorless  and  crystallizable ;  the  calcium-salt 
dries  up  to  a  gummy  mass ;  the  xanthates  of  zinc,  lead,  and  mercury  are 
white,  and  but  slightly  soluble ;  that  of  copper  is  a  floooulent,  insoluble 
substance,  of  beautiful  yellow  color. 

Ethylic  dimlphocarbonate  or  Xanthie  ether,  COS, .  (CjHg)^  obtained  by  the 
action  of  ethyl  chloride  on  potassium  xanthate,  is  a  pale-yellow  oil,  boiling 
at  200**  C.  (392°  F.),  insoluble  in  water,  soluble  in  all  proportions  of  alcohol 
or  ether.  Ammonia-gas  passed  into  its  alcoholio  solution  forms  mercaptan 
and  a  crystalline  substance  called  xanthamide : 

C0S,(C,H5),    -f     NH,    =    C.H^lSH)     +    C0S(C,H5)NH, 
Xanthic  ether.  Mercaptan.  Xanthamide. 

Amyl'ditulphocarhonate,  COS(C(H„)„  treated  in  like  manner,  yields  xon- 
tkamylamide,  COS(C,Hu)NH,. 


2.-i-P7ravie  Series,  CJlta^^ 

This  is  a  small  group  of  acids,  including — 

Pyruvic  acid,  CjH^O.  |  Jalapinoleic  acid,  CJHJO^l 

Convolvulinoleic  acid,  CuH^Oj?  |  Ricinoleic  acid,  C^aJS^, 

Glyoxylio  acid,  a  product  of  the  oxidation  of  alcohol,  glycol,  and  glyoxal, 
is  sometimes  said  to  have  the  composition  C.H^O, ;  but  it  is  more  probably 
C^H^O^,  and  belongs  to  another  series,  as  will  be  explained  hereafter. 

PyniTie  Acid,  CjH^O,,  also  called  Pyroraeemic  add,  is  produced  by  dry 
distillation  of  racemio  or  tartaric  acid : 

C^HgO,    =    C.H^O,    -f.    CO,    -f-     OH,. 
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It  is  a  liquid,  boiling,  with  partial  decomposition,  at  about  165^  C.  (829^  F.). 
Treated  with  soUium  amalgam,  or  hydriodic  acid,  it  takes  up  two  atoias  of 
hydrogen,  and  is  converted  into  lactic  acid,  CjH^O.,  or  if  the  reagent  ii 
used  in  large  excess,  into  propionic  acid,  OgHfOy.  It  also  unites  directly 
with  bromine,  forming  the  acid,  C^H^BrgO,,  probably  dibromolaetie  acid. 
Its  salts  crystallize  readily. 

ConTolTQlinoleio  X-eid  and  Jali^ii&oleie  Aoid,  are  produced  by  the  action 
of  acids  or  alkalies  from  certain  resinous  glucosides  contained  in  the  root 
of  tuberose  or  officinal  jalap  {Ctmvolvulus  Sehiedantu)^  and  of  Ckmvelvulu* 
(or  Ipomma)  orizahennt,  the  jalap-stalks  or  jalap-wood  of  commerce;  but 
their  formulse  have  not  been  exactly  determined. 

Bioinoleio  Aoid,  C^s^^Og,  is  a  yellow  oily  acid,  produced  by  the  saponifi- 
cation of  castor-oil.  At  temperatures  between— «°  and — 7°  C^  (19°-2I°F.), 
it  solidifies  to  a  granular  mass.  The  neutral  ricinoleates  of  the  alkali-meisb 
when  distilled  alone  yield  a  distillate  of  oenanthol ;  but  when  distilled  with 
excess  of  caustic  alkali,  they  give  off  hydrogen,  and  yield  a  distillate  of 
octyl  alcohol,  CgH,gO,  and  a  residue  of  alkaline  sebate,  Cj/fl^fifi^  (p.  oil). 


S.— Beriof  CaHta-40,. 

The  only  known  ocid  of  this  series  is  guaiacie  aeid,  CgHgO,,  which  is  a 
crystallizable  substance  contained  in  guaiacum,  a  resin  obtained  from  Guai- 
aeum  officinale^  a  tree  growing  in  Jamaica.  It  sublimes  in  needles  resem- 
bling benxoic  acid,  and  is  resolved  by  dry  distillation  into  carbon  dioxide 
and  guaiacene,  CgHgO. 


4.— Series  CnHto-sOs- 

This  series  includes  the  following  acids,  related  to  the  aromatie  acids  in 
the  same  manner  as  the  lactic  acids  are  related  to  the  fatty  acids : 

Oxybensoic,  Para-oxybenzoic,  and  Salicylic  acids   .         .  (\^A 

Formobcnzoic,  Creosotic,  Carbocresylic,  and  Anisic  acids  CgHgOg 

Phloretic  acid CgHjoOg 

Thymotic  and  Thymyl-carbonic  acids       ....  ^\fi^\fi% 

Oxybenioio  Aeid,  0^11,0,,  or  CgH^'OH) .  COgH,  is  produced  by  the  action 
of  nitrous  acid  on  amidobenzoic  acid : 

CgH^(NH,).CO,H    4-    NO(OH)  =  CgH/OH) .  CO,H  +  OH,  -f  N^ 
Amidobentoic  acid.  Oxy-benzoic  acid. 

Oxyhenzoic  acid  is  only  slightly  soluble  in  cold  water  or  alcohol,  bat  dis- 
solves easily  in  either  of  these  liquids  at  the  boiling  heat,  and  separates 
as  a  crystalline  powder  on  cooling.  At  higher  temperatures  it  melts  and 
sublimes  without  decomposition,  a  character  by  which  it  is  distinguished 
from  its  two  isomers.  With  strong  nitric  acid  it  forms  nitro-oxybentoie 
acid,  CyHg(N02)03.  which  is  converted  by  ammonium  sulphide  into  amid- 
oxybenzoio  acid,  C7Hg(NH2)0,. 

Fara-ozybenioio  Aoid  is  produced  by  heating  anisic  acid  to  125M30° 
with  strong  hydriodic  aoid: 

CsUgO,        4-        HI        =3         CHgl        +        C^HgOg. 
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It  is  more  soluble  in  cold  water  than  oxybenxoic  acid,  dissolving  in  126 
parts  of  water  at  16^:  from  a  hot  solution  it  cryatallizes  in  small  distinct 
monocUnie  prisms.  It  melts  with  partial  decomposition  at  210^  C. 
(410^  F.),  and  is  easily  resolved  at  higher  temperatures  into  carbon  di- 
oxide and  phenol : 

C,H,,0,        =        CO,        +        C^TIfi. 

lis  solution  formsr  with  ferric  chloride,  a  yellow  precipitate  insoluble  in 
excess,  without  violent  coloration.  These  characters  distinguish  it  from 
oxybenxoic  acid.  With  most  metals  it  reacts  like  a  monobasic  acid,  its 
potassium-salt  containing  CfH^OgK,  and  its  cadmium-salt  (CyH503),Cd^^; 
but  it  appears  also,  like  salicylic  acid,  to  form  a  barium-salt  containing 
C^H^Ba'^Oy 

Salioylio  Acid  is  produced:  1.  By  passing  carbon  dioxide  into  phenol 
containing  small  pieces  of  sodium : 

NaOC,H,        +        CO,        =        (C0)"{3^«^^« 

Sodium  phenate.  Sodium  salicylate. 

2.  From  salicylol,  C^H^O,,  by  oxidation  with  aqueous  chromic  acid,  or  by 
melting  salicylol  or  salicin  with  potassium  hydrate,  in  which  case  hydro- 
gen is  evolved : 

C^HjO,        +        KOH        sa        CtHjOjK        +        H,. 
Salicylol.  Potassium 

salicylate. 

3.  Conmaric  acid,  heated  with  potassium  hydrate,  yields  potassium  sali- 
cylate and  acetate : 

CgHgO,    +    2K0H    =    C^HgOjK    +    C,H,0,K    +    H^ 

4.  Oil  of  wintergreen  (OauUheria  proeumbeMi)^  which  consists  of  methyl- 
salicylic  acid,  is  resolvea,  by  distillation  with  potash,  into  methyl  alcohol 
and  salicylic  acid : 

C,H5(CH,)03    +    KOH    =    CH,(OH)    +    C^H.KO,. 

Salicylic  acid  crystallizes  from  its  alcoholic  solution  by  spontaneous  eva- 
poration in  large  monoclinic  prisms.  It  requires  about  1000  parts  of  cold 
water  to  dissolve  it,  but  is  much  more  soluble  in  hot  water  and  in  alcohol. 
Its  aqueous  solution  imparts  a  deep  violet  color  to  ferric  salts.  It  melts  at 
130°  G.  (266"  F.),  gives  off  phenol  at  a  higher  temperature,  and  when 
heated  with  pounded  glass  or  quicklime,  is  completely  resolved  into  carbon 
dioxide  and  phenol.  It  is  distinguished  from  both  its  isomers  by  its  beha- 
vior with  ferric  salts,  its  very  slight  solubility  in  water,  and  its  lower 
melting  point:  it  differs  from  oxybenxoic  acid  by  its  behavior  when 
heated. 

In  its  relations  to  metals,  salicylic  acid  appears  to  be  intermediate  be- 
tween monobasic  and  bibasic  acids.  With  the  alkali-metals  and  silver,  it 
forms  only  acid  salts  like  CfH.RO,;  but  with  dyad  metals  it  forms  both 
acid  and  neutral  salts;  with  calcium,  for  example,  the  two  salts,  C^H^Ca^^O, 
and  Cj^HjoCa^^O^  or  (C7H(0,)2Ca^^.  The  neutral  salts  are,  however,  much 
less  easily  formed  than  the  acid  salts,  being  produced  only  in  presence  of 
a  large  excess  of  base.  Its  formation  from  carbon  dioxide  and  phenol 
seems  to  show  that  it  may  be  regarded  as  acid  phenyl  carbonate,  (CO)^^ 
K)CfH3)(0H) ;  and  in  the  neutral  salicylates  of  bivalent  metals,  such  as 
CjH^Ca^^O,,  the  metal  appears  to  replace  one  atom  of  hydrogen  from  the 
group  OH,  and  another  from  the  group  OC^H^.* 

•  FiriOy  Ann.  Cb.  Pharm.  xcili.  202. 
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Salicylio  acid  fonns  both  acid  and  neutral  ethers.  Oi!  of  vriDtergreen, 
as  already  obseryed,  consists  of  methyl-salicylic  acid,  CTH5(CI]g)0,  A 
similar  compound,  containing  ethyl,  is  obtained  by  distilling  crystaUised 
salicylic  acid  with  alcohol  and  sulphuric  acid  These  compounds  are  mono- 
basic acids,  the  basic  hydrogen  of  which  may  be  replaced  by  metals  or  bj 
alcoholic-radicals,  forming  neutral  salicylic  ethers,  such  as  CfU4(CH.)20j, 
C-H.(CHj)(CjHj)Og,  &c.  There  is  also  an  ethene-salicylic  acid,  CmHh 
(C,H^)''0,,  consisting  of  a  double  molecule  of  salicylic  acid  with  two  ny- 
drogen-atoms  replaced  by  ethene ;  it  is  produced  by  heating  ethene-bromide 
with  silver  salicylate. 

Oarboeres jlie  and  Cretotio  Adda,*  Cg HgO,.  —  The  sodium-salts  of  thess 
acids  are  formed  simultaneously  by  the  action  of  carbon  dioxide  and  sodi- 
um on  cresol,  C^H  fi.  On  treating  the  product  with  hydrochloric  acid,  the 
carbocresylic  acid  is  resolved  into  carbonic  dioxide  and  cresol, while  tbecre- 
sotic  acid  remains  undecomposed,  and  may  be  washed  out  with  ammonium 
carbonate ;  the  solution,  on  evaporation,  yielding  the  cresotic  acid  in  fine 
large  prisms  which  melt  at  153°  C.  (307°  F.),  are  slightly  soluble  in  water, 
easily  in  alcohol  and  ether.  It  forms  a  deep  violet  color  with  ferric  chlo- 
ride. When  heated  with  causic  baryta,  it  is  resolved  into  carbon  dioxide 
and  cresol.  With  regard  to  their  comparative  facility  of  decomposition, 
carbocreHylic  and  cresotic  acids  appear  to  be  related  to  one  another,  in  the 
same  manner  as  salicylic  and  oxybenxoic  acids. 

Formobensoio  Acid,  CgllgOg,  is  produced  by  evaporating  crude  bitter- 
almond  oil  to  dryness  with  hydrochloric  acid,  and  exhausting  the  residue 
with  ether,  which  leaves  sal-ammoniac  undissolved.  It  contains  the  ele- 
ments of  benzoic  acid,  C^HgO,,  and  formic  acid,  CHgO^  minus  an  atom  of 
oxygen ;  and  its  formation  appears  to  be  due  to  the  action  of  the  hydro- 
chloric acid  on  the  hydrocyanic  acid  of  the  crude  bitter-almond  oil,  where- 
by that  acid  is  resolved  into  ammonia  and  formic  acid.  Formobenzoic  acid 
forms  white  crystals  soluble  in  water.  It  is  resolved  by  oxidizing  agents 
into  bitter-almond  oil  (0,11^0),  and  carbon  dioxide. 

Anisic  Add,  CgHgOg,or  Methyl-paraoxybenxoic  acid.  CYHg(CHg)Og. — This 
acid  is  produced  by  oxidation  of  anisic  aldehyde,  C^HgO^  in  contact  with 
platinum  black,  or  by  treatment  with  dilute  nitric  acid  (strong  nitric  acid 
would  convert  it  into  nitranisio  acid) ;  also  by  dropping  anisic  aldehyde 
into  fused  potash : 

CgHgOg        -f        KOH        s=        CgH^KOg        -f-        H^ 

It  is  usually  prepared  by  oxidising  anise-camphor,  C,gH,,0,  or  the  erode 
oils  of  anise,  fennel,  and  tarragon,  which  contain  that  compound  in  solu- 
tion, with  nitric  acid.  Anisic  aldehyde  is  first  produced,  according  to  the 
equation : 

C„H„0      +      0,    =    C,H,0,      +     C.HO/     +      OH, 

Anise-  Anisic  Oxalic 

camphor.  aldehyde.  acid. 

and  subsequently  oxidized  to  anisic  acid.  It  may  also  be  produced  {71k- 
thetically  by  treating  potassium  para-ozybenzoate  with  methyl  iodide, 
whereby  the  methylic  ether  of  methyUparaoxybenzoic  acid  is  prodaoed: 

C^H^KjOg      4-      2CH,I    =    2KI       +       C,H^f  CHg)Og .  CH, 
Potassium  Methylic 

para-oxybenzoate.  methyl-paraoxybensoate. 

*  Kolbe  and  Zairfemann,  Ano.  Gh.  Ptuuin.  exy.  203. 
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And  boiling  this  compound  with  potash : 

C.H,(CH,)0,.CH,     +    OH,    =    CH,(OH)     +    C,H5(CH,)0, 
Metbylic  methyl-  Methyl  Methyl-para- 

paraozybenioate.  alcohol.  benzoic  acid. 

Ethyl-parabenzoic  aoid,  GfH,(C,H,)03,  may  be  produced  in  a  precisely 
aioailar  manner. 

Anisic  acid  crystallizes  in  brilliant  colorless  prisms  melting  at  175°  C. 
(347^  P.),  moderately  soluble  in  hot  water,  easily  in  alcohol  and  ether.  It 
yields  substitution-products  with  chlorine,  bromine,  and  nitric  acid.  By 
distillation  with  lime  or  baryta  it  is  resoWed  in  carbon  dioxide  and  ani- 
sol  or  methyl-phenol  (p.  661) : 

C,H,0,  =  CO,         +'        C,H,0,. 

Anisic  acid  is  monobasic,  and  most  of  its  salts  are  crystallizable. 

Flilor«tio  Acid,  C^HioOs,  is  produced,  together  with  phloroglucin,  by  the 
action  of  potash  on  phloretin,  a  substance  resulting  from  the  action  of  di- 
late acids  on  phlorizin  (p.  681) : 

C,.H„0,        +'      OH,        =        C,H^O,        +        C,HA 
Phloretin.  Phloretio  Phloro- 

acid.  giuoin. 

It  forms  prismatic  crystals  melting  at  about  129*^0.  (264°  F.),  somewhat 
less  soluble  in  water  than  in  alcohol ;  produces  a  green  color  with  ferric 
chloride.  When  heated  with  lime  or  baryta,  it  is  resoWed  into  carbon  di- 
oxide B,ndphlorolf  CgH,^0,  which  passes  over  as  a  brown  oily  distillate  : 

C,H,oO,        +        BaO        =        COjBa        +        C^H^fi. 

Phloretic  acid  is  bibasic,  forming  acid  and  neutral  salts. 

Another  acid  containing  C^Hj^O,  is  formed  by  the  action  of  potash  on  the 
cyano-hydrate  or  cyanhydrin  of  anisic  alcohol,  CgHj^O,: 

C.Hs(CN)(OH)         +        20H,        =        NH,        +        CH^^O, 

Anisic  Acid, 

cyanhydrin. 

Thjxnotio  and  Tbymyl-carbonio  Acids,  C^jHi^O,. — These  isomeric  acids 
are  produced  simultaneously  by  the  action  of  sodium  and  carbon  dioxide 
on  thymol,C,QH,^0  (p.  564) ;  and  are  separated  in  the  same  manner  as  the 
homologous  compounds,  cresyl-carbonic  and  cresotic  acids.  Thymotic  acid 
is  a  crystall'ine  body,  melting  at  120°,  nearly  insoluble  in  cold,  slightly 
soluble  in  boiling  water;  it  produces  a  fine  blue  color  with  ferric  chloride. 
Heated  with  baryta,  it  is  resolved  into  carbon  dioxide  and  thymol. 


6.  —  Series  Cn  H,n_,^0,. 

COnmaric  Aoid,  CpH,0,.  the  only  known  acid  of  this  series,  is  produced 
by  the  action  of  boiling  potash  solution  on  coumarin,  C-H^O,,  the  odorifer- 
ous principle  of  the  Tonka  bean.  It  crystallizes  in  lammie,  having  a  bitter 
taste,  soluble  in  water,  alcohol,  and  ether,  melting  at  190°  C.  (374°  F.). 
Fused  with  potash,  it  gives  off  hydrogen,  and  yields  potassium  salicylate 
and  apparently  also  acetate : 

C,H,0,     -f-     2K0H    =    C7H5KO,    +     CjH.KO,    -f     H,. 

It  is  monobasic,  and  decomposes  carbonates. 

There  are  no  known  acids  belonging  to  the  series  CBH,n_„0,  and  CnH,B_,^03. 
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6.— -Beriet  CnH^_MO^ 

BentUie  Aeid,  Cj^Hi^O,.  —  This  acid  is  produced  by  the  action  of  aleoboUe 
potasili  on  bensoin,  C^^H^fi^^  a  polymeric  modification  of  benzoic  aldehjde, 
C^HfO,,  which  remains  in  the  retort  when  the  crude  oil  is  distilled  with 
lime  or  iron-oxide  to  free  it  from  hydrocyanic  acid ;  or  on  benzile,  Ci4ll,|0, 
a  crystalline  substance  formed  from  benzoin  by  the  action  of  chlorine.  U>ii 
saturating  the  alkaline  solution  with  hydrochloric  acid,  and  learing  the 
filtered  liquid  to  cool,  benzilic  acid  separates  in  small  colorless  transparent 
crystals,  slightly  soluble  in  cold,  more  soluble  in  boiling  water;  it  melts 
at  120®  C.  (248®  F.),  and  cannot  be  volatilized  without  decompoaitioo.  It 
disBolyes  in  cold  strong  sulphuric  acid  with  fine  carmine  color. 


DIATOMIC  AND  BIBASIC  ACTB& 

These  acids  contain  the  group  oxatyl,  CO,H,  twice,  and  must  therefore 
contain  four  atoms  of  oxygen.  They  may  all  be  included  in  the  general 
formula,  R^^(C0,H)2, — R  denoting  a  diatomic  hydrocarbon-radical,  —  or 
they  may  be  regarded  as  compounds  of  oxygenated  radicals  with  two  equi- 
Talents  of  hydroxyl,  e.  y.,  succinic  acid  =  {^A^/^tV^  (^*^)r 

They  are  produced:  —  1.  By  oxidation  of  the  corresponding  glycols, 
R^^rCHjOH),,  the  change  consisting  in  the  substitution  of  O,  for  M^  (p.  557). 
In  tliis  manner  oxalic  acid,  CjU^O^,  is  formed  from  ethene  alcohol,  C^fi^. 
and  malonic  acid,  CjIi^O^,  from  propene  alcohol,  CgHgO,;  but  the  higher 
glycols  split  up  under  the  influence  of  oxidizing  agents,  and  do  not  yield 
bibasic  acids  containing  the  same  number  of  carbon-atoms  as  themselves. 

2.  By  boiling  the  cyanides  of  diatomic  alcohol-radicals  with  alcckholie 
potash  ;  «.  ff. : 

fC,He)^^(CN),    +    2K0H    +    20H,   =   2NH,    +    (C,H,)^'(GO^), 
Propene  Potassium 

cyanide.  pyrotartraie. 

This  reaction  is  analogous  to  that  by  which  the  fatty  acids  are  formed 
from  the  cyanides  of  the  monatomic  alcohol- radicals,  CnHiB^.,  (p.  599). 

3.  By  the  addition  of  hydrogen  to  other  acids  containing  a  smaller  pro- 
portion of  that  element ;  in  this  manner  succinic  acid,  €411^0^  is  formed 
from  fumaric  ncid,  C4H4O4. 

4.  By  the  action  of  heat  on  acids  of  more  complicated  structure ;  e,  ^.: 


2C,H,0,     =. 

SCO, 

+ 

20H, 

+     CsH,04 

Tartaric 

J'yr  ©tar- 

acid. 

taric  acid 

5.  Many  of  these  acids  are  produced  by  the  action  of  powerful  oxidizers 
on  a  variety  of  organic  bodies:  thus,  succinic  acid,  C^H^O^,  and  its  homo* 
logues,  are  produced  by  treating  various  fatty  and  resinous  bodies  with 
nitric  acid. 

The  known  acids  of  this  group  belong  to  the  series  CnHs^.^^,  CqH,^_^04, 
CnHas-flO^,  and  CoHsq— 10O4  The  acids  of  the  first  series,  and  probably  also 
those  of  the  third  and  fourth,  arc  saturated  compounds;  but  those  of  the 
second  are  unsaturated,  being  capable  of  taking  up  two  atoms  of  hydrogen, 
bromine,  and  other  monad  elements,  whereby  they  are  converted  into  acids 
of  the  first  series. 
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1.  ^Oxalio  or  Saoeinio  Berioi,  C^Hj^i^^. 


The  known  acids  of  this  series  are : 


Oxalic  acid 
Malontc  aoid     . 
Buooinic  aoid    . 
Pyrotartario  aoid 
Adipio  aoid 


C,H,0, 
C«HA 


Pimelio  acid   . 

•    C^HjjO^ 

Suberic  aoid   . 

•       ^8^14^4 

Anohoio  acid  . 

•     C^,H  iflO^ 

Sebic  acid 

•     CioHjgO^ 

Roccellic  acid 

•       ^17^82^4 

COOH 
Oxalio  Aoid,  C.H.O^  =  I  =  (Cj,OsO'^(OH),.  — This  important  acid 

COOTI 
exists  ready  formed  in  many  plants  as  a  potassium  or  calcium-salt,  and  is 
produced  by  the  oxidation  of  a  great  yariety  of  organic  compounds.  In 
some  oases  the  reaction  consists  in  a  definite  substitution  of  oxygen  for  by- 
drogen ;  thus  oxalic  acid  is  formed  from  eihene  alcohol,  CjH^O,,  by  sub- 
stitution of  O-  for  H^,  and  from  ethyl  alcohol,  CjH,0,  by  the  same  substitu- 
tion and  further  addition  of  one  atom  of  oxygen.  But  in  most  cases  the 
reaction  is  more  complex,  consisting  in  a  complete  breaking  up  of  the  mole- 
cule. In  this  manner  oxalic  acid  is  produced  in  great  abundance  from 
more  highly  carbonixed  organic  substances,  such  as  sugar,  starch,  cellulose, 
&c.,  by  the  action  of  nitric  acid,  or  by  fusion  with  caustic  alkalies. 

Oxalic  acid  is  also  produced:  a.  As  a  sodium  or  potassium-salt  by  direct 
combination  of  the  alkali-metal  with  carbon  dioxide : 

2C0j        -f        Na,        =        CjO^Na,. 

The  sodium-salt  is  obtained  by  passing  the  carbon  dioxide  over  a  heated 
mixture  of  sodium  and  sand;  the  potassium-salt,  by  heating  potassium 
amalgam  in  the  gas.* 

B.  As  an  ammonium-salt,  together  with  other  products,  in  the  decompo- 
sition of  cyanogen  by  water: 

CjN,        +        40H,        =        C,(NH,),04. 

y.  As  a  potassium-salt  by  heating  potassium  formate  with  excess  of  pot- 
ash: 

2CHK0,        =        CjKjO^        4-        Hy 

PtepcaraHon, — I.  By  the  oxidation  of  sugar  with  nitric  acid : 


Ci,H«0 


11 


+ 


O 


18 


=        eCjH.O^        -f        60H,. 


One  part  of  sugar  is  gently  heated  in  a  retort  with  6  parts  of  nitric  acid 
of  sp.  gr.  1*42,  diluted  with  twice  its  weight  of  water;  copious  red  fumes 
are  then  disengaged,  and  the  oxidation  of  the  sugar  proceeds  with  violence 
and  rapidity.  When  the  action  slackens,  heat  may  be  again  applied  to  the 
Teasel,  and  the  liquid  concentrated,  by  distilling  off  the  superfluous  nitric 
acid,  until  it  deposits* crystals  on  cooling.  These  are  drained,  rcdissolved 
in  a  small  quantity  of  hot  water,  and  the  solution  is  set  aside  to  cool. 

2.  By  heating  sawdust  with  caustic  alkali. 

Many  years  ago,  Gay-Lussac  observed  that  wood  and  several  other  or- 
ganic substances  were  converted  into  oxalic  acid  by  fusion  with  caustic 
potash.  Messrs.  Roberts,  Dale  &  Co.  have  lately  founded  upon  this  obser- 
vation a  new  method  for  the  preparation  of  oxalic  acid,  which  furnishes 
this  acid  much  cheaper  than  any  other  process.  A  mixed  solution  of  the 
hydrates  of  sodium  and  potassium  in  the  proportion  of  two  equivalents  of 
the  former  to  one  of  the  latter,  is  evaporated  to  about  I  '35  sp.  gr.  and  then 
mixed  with  sawdust,  so  ns  to  form  a  thick  paste,  which  is  placed  in  thin 

*  KcXbt  and  Dreehtel,  Chem.  See.  Jonrnal  [2],  vi.  121. 
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layers  on  iron  plates.  The  mixture  is  now  gradually  heated,  ca.re  bein$r 
taken  to  keep  it  oonntantly  stirred.  The  action  of  heat  expels  a  quant iiy 
of  water,  and  the  mass  intumesces  strongly,  with  disengagement  of  much 
inflammable  gas,  consisting  of  hydrogen  and  carbonctted  hydrogen.  The 
mixture  is  now  kept  for  some  hours  at  a  temperature  of  204®  C.  (400''  F.  i, 
care  being  t^ken  to  aroid  charring,  which  would  cause  a  Iops  of  oxalic 
acid.  The  product  thus  obtained  is  a  gray  powder;  it  is  now  treated  wita 
water  at  about  15-5°  C.  (t>0°  F.),  which  leaves  the  sodium  oxalate  un<J:«- 
soWed.  The  supernatant  liquid  is  drawn  off,  evaporated  to  drjness,  auti 
heated  in  furnaces  to  recover  the  alkalies,  which  are  caustified  and  u.se4 
for  a  new  operation.  The  sodium  oxalate  is  washed  and  decomposed  hy 
boiling  with  slaked  lime,  and  the  resulting  calcium  oxalate  is  again  decom- 
p08ed  by  means  of  sulphuric  acid.  The  liquid  decanted  from  the  calcium 
sulphate  is  evaporated  to  crystallization  in  leaden  vessels,  and  the  ci^-^ral^ 
arc  purified  by  re-crystalliiation. 

Oxalic  acid  separates  from  a  hot  solution  in  colorless,  transparent  crys- 
tals derived  from  an  oblique  rhombic  prism,  and  consisting  of  CM^L\. 
2OIT2.  The  two  molecules  of  crystallization-water  may  be  expellea  hy  a 
very  gentle  heat,  the  crystals  crumbling  down  to  a  soft  white  powder,  con- 
sisting of  anhydrous  oxalic  acid,  €,11,04,  which  may  be  sublimed  in  great 
measure  without  decomposition.  The  crystallized  acid,  on  the  contrary,  is 
decomposed  by  a  high  temperature  into  formic  acid,  carbon  monoxide  &u<J 
carbon  dioxide,  without  leaving  any  solid  residue: 

2C,H,04     a     CH,0,    -I-     CO    -f    2C0,    -f     OH,. 

The  crystals  of  oxalic  acid  dissolve  in  8  parts  of  water  at  15*5°,  and  in 
their  own  weight,  or  le^s,  of 'hot  water:  they  are  also  soluble  in  spirit. 
The  aqueous  solution  has  an  intensely  sour  taste  and  most  powerful  acid 
reaction,  and  is  highly  poisonous.  The  proper  antidote  is  chalk  or  rox^ne- 
sia.  Oxalic  acid  is  decomposed  by  hot  oil  of  vitriol  into  a  mixture  of  car- 
bon monoxide  and  carbon  dioxide :  it  is  slowly  converted  into  carbonic 
acid  Dy  nitric  acid,  whence  arises  a  considerable  loss  in  the  processor 
manufacture  from  sugar.  The  dioxides  of  lead  and  manganese  effect  the 
same  change,  becoming  reduced  to  monoxides,  which  form  salts  with  the 
unaltered  acid. 

Oxalates. — Oxalic  acid,  like  other  biba«ic  acids,  forms  with  raonatomic 
metals,  neutral  or  normal  ^alts  containing  C^M^O^.  and  acid  salts,  C^HMO^. 
'NVith  potiisnium  and  ammonium  it  likewise  forms  hyper-acid  salts,  e.  g-, 
CjHKO^.CjHjO^,  or  C^IlgKO-  With  most  diatomic  metahi  it  forms  only 
neutral  salts,  CjM^'O^;  with  barium  and  strontium,  however,  it  forms  acid 
salts  analogous  to  the  hyper-acid  oxalates  of  the  alkali-metals.  It  al^o 
forms  numerous  well-crystallized  double  salts.  It  is  one  of  the  stroogeet 
acids,  decomposing  dry  sodium  chloride  when  heated,  with  evolution  of 
hydrochloric  acid,  and  converting  sodium  chloride  or  nitrate  in  aqueous 
solution  into  acid  oxalate. 

The  oxalates  of  the  alkali-metals  are  soluble  in  water:  the  rest  are  for 
the  most  part  insoluble  in  water,  but  soluble  in  dilute  acids. 

All  oxalates  are  decomposed  by  heat.  The  oxalates  of  the  alkali-metals, 
and  also  of  the  alkaline  earth-metals,  if  not  too  strongly  heated,  give  off 
carbon  monoxide  and  leave  carbonntes,  while  the  oxalates  of  those  metals 
whose  carbonates  are  decomposed  by  heat  (zinc  and  magnesium,  for  ex- 
ample) give  off  carbon  monoxide  and  carbon  dioxide,  and  leave  metallic 
oxides.  The  oxalates  of  the  more  easily  reducible  metals  (silver,  copper, 
&c.)  give  off  carbon  dioxide  and  leave  the  metal;  the  lead-salt  leaves  sub- 
oxide of  lead,  and  gives  off  8  volumes  of  carbon  dioxide  to  1  volume  of  car- 
bon monoxide : 

2C,Pb404    =    Pb,0    +     SCO,    +     CO. 
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Oxalates  heated  with  tulphwie  actc^giTe  off  carbon  monoxide  and  dioxide, 
and  leave  a  residue  of  sulphate.  In  this  case,  as  well  as  in  the  decompo- 
sition by  heat  alone,  no  separation  of  carbon  takes  place,  and  consequently 
the  residue  does  not  blacken:  this  character  disiinguishes  the  oxalates 
from  the  salts  of  all  other  carbon  acids. 

Oxalic  acid  and  the  soluble  oxalates  give  with  e€Ueium  chloride  a  precipi- 
tate of  calcium  oxalate,  insoluble  in  water  and  in  acetic  acid,  but  soluble 
in  hydrochloric  and  nitric  noid.  This  reaction  affords  a  yery  delicate  test 
for  the  presence  of  oxalic  acid:  the  insolubility  of  the  precipitated  oxalate 
in  acetic  acid  distinguishes  it  at  once  from  the  phosphate. 

Potassium  Oxalates. — The  neutral  salt,  0,1^,04  .  2  Aq.,  prepared  by  neu- 
tralizing oxalio  acid  with  potassium  carbonate,  crystallizes  in  transparent 
rhombic  prisms,  which  become  opaque  and  anhydrous  by  heat,  and  dissolve 
in  3  parts  of  water. — The  add  oxalale  or  bmoxaUue,  C^HKO^ .  2  Aq.,  some- 
times called  mU  of  sorrel,  from  its  occurrence  in  that  plaut,  is  found  also 
in  other  species  of  Rumex,  in  Ozalia  aceiosella,  and  in  garden  rhubarb,  as- 
sociated with  malic  acid.  It  is  easily  prepared  by  dividing  a  solution  of 
oxalic  acid  in  hot  water  into  two  equal  portions,  neutralising  one  with  po- 
tassium carbonate,  and  adding  the  other:  the  salt  crystallizes,  on  cooling, 
in  colorless  rhombic  prisms.  The  crystals  have  a  sour  taste,  and  require 
40  parts  of  cold,  and  6  of  boiling  water  for  solution.  A  solution  of  this  salt 
is  often  used  for  removing  ink  from  paper.  The  hyper-acid  oxalate  or  quad- 
rozalate^  C2HKO4.  C^H^O^ .  2  Aq.,  is  prepared  by  a  process  similar  in  prin- 
ciple to  that  last  described.  The  crystals  are  modified  octohedrons,  and 
are  less  soluble  than  those  of  the  binoxalate,  which  the  salt  in  other  re- 
spects resembles. 

Sodium  oxalate,  C^Na^O^,  has  but  little  solubility ;  a  binoxalate  exists. 

Ammonium  Oxalates. — The  neutral  salt,  C,(NH4),04 .  2  Aq.,  is  prepared 
by  neutralizing  a  hot  solution  of  oxalio  acid  with  ammonium  carbonate.  It 
crystallizes  in  long,  colorless,  rhombic  prisms,  which  efiBoresce  in  dry  air 
from  loss  of  water  of  crystallization.  They  are  not  very  soluble  in  cold 
water,  but  dissolve  freely  by  the  aid  of  heat. 

The  dry  salt  when  heated  in  a  retort  gives  off  water,  and  yields  a  subli- 
mate of  oxamide:* 

(C,0,)"(ONir ),    =    2OH,    +     (C,0,)"(NH,)r 
Ammonium  oxalate.  Oxamide. 

When  distilled  with  phcsphoric  oxide,  it  gives  up  four  molecules  of  water 
and  yields  a  considerable  quantity  of  cyanogen.  Cj(NH4),04  —  4OH2  s=  2CN. 
Other  products  are,  however,  formed  at  the  same  time. 

Acid  ammonium  oxalate,  or  binoxalate,  CjH(NH4)0^  .  Aq.,  is  still  less  soluble 
than  the  neutral  salt.  When  heated  in  an  oil-bath  to  232®  C.  (450°  F.),  it 
loses  one  molecule  of  water,  and  yields  oxamie  add,  CjHjNOj.  or  [Ofi^y 
(OH)(NH,);  other  products  are,  however,  formed  at  the  same  time. 

Caloiom  Oxalate,  C^Ca^^'O^ .  4  Aq.,  is  formed  whenever  oxalic  acid  or  an 
oxalate  is  added  to  a  soluble  calcium-salt ;  it  falls  as  a  white  powder,  which 
acquires  density  by  boiling,  and  is  but  little  soluble  in  dilute  hydrochloric, 
and  quite  insoluble  in  acetic  acid.  Nitric  acid  dissolves  it  easily.  When 
dried  at  100*»,  it  retains  a  molecule  of  water,  which  may  be  driven  off  by  a 
rather  higher  temperature.  Exposed  to  a  red  heat  in  a  close  vessel,  it  is 
converted  into  calcium  carbonate,  with  escape  of  carbon  monoxide. 

The  oxalates  of  barium,  zinc,  manganese,  copper,  nickel,  cobalt,  and  ferrous 
oxalate,  are  nearly  insoluble  in  water :  magnesium  oxalate  is  sparingly  solu- 
ble;/wrie  oxalate  is  freely  Boiuhle.^Potasdo-chromic  oxalaU,  (C,04),Cr'"'^ 

*  See  the  chapter  on  Amideti. 
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K3 .  8  Aq.,  prepared  by  disBolving  in  hot  water  1  part  of  potassxnm  bieliro- 
mate,  2  part«  of  potassium  binoxalate,  and  2  parts  of  crystallised  oxalie 
acid,  is  one  of  the  most  beautiful  salts  known.  The  cry^taLn  appear  black, 
by  reflected  light  from  the  intensity  of  their  color,  which  is  pare  deep 
blue :  they  are  very  soluble.  A  corresponding  potanio-ferric  oxaUUe  baa 
been  formed :  it  crystallises  freely,  and  has  a  beautiful  green  color. 

Ethtl  Oxalates. — The  neutral  oxalate^  or  Ozalie  ether^  CjO^fCjHj),  is 
most  easily  obtained  by  distilling  together  4  parts  of  potassium  binoxaUte, 
5  parts  of  oil  of  vitriol,  and  4  parts  of  strong  alcohol.  The  distillation  may 
be  pushed  nearly  to  dryness,  and  the  receiver  kept  warm  to  dissipate  &tiy 
ordinary  ether  that  may  be  formed.  The  product  is  mixed  with  water,  by 
which  the  oxalic  ether  is  separated  from  the  undecomposed  spirit:  it  is 
repeatedly  washed  to  remove  adhering  acid,  and  re-distilled  in  a  small  re- 
tort, the  first  portion  being  received  apart  and  rejected.  Another  veir 
simple  process  consists  in  digesting  equal  parts  of  alcohol  and  dehydrated 
oxalic  acid  in  a  flask  furnished  with  a  long  glass  tube  in  which  the  volatil- 
ised spirit  may  condense.  After  six  or  eight  hours'  digestion,  the  mixture 
generally  contains  only  traces  of  unetherified  oxalic  acid. 

Pure  oxalic  ether  is  a  colorless,  oily  liquid,  of  pleasant  aromatic  odor, 
and  I  09  sp.  gr.  It  boils  at  188  8<>  C.  (862<>  F.),  is  but  little  soluble  in  water, 
and  is  readily  decomposed  by  caustic  alkalies  into  a  metallic  oxalate  and 
alcohol.  With  solution  of  ammonia  in  excess,  it  yields  oxamide  and  alco- 
hol; thus: 

(CA)''(OC,H,\   +   2NH,  =  2H0C,H,    -f    (CA)''(NH,), 
Ethyl  oxalate.  Ethyl  Oxamide. 

alcohol. 

This  is  the  best  process  for  preparing  oxamide. 

When  dry  gaseous  ammonia  is  conducted  into  a  ressel  containing  oxalic 
ether,  the  gas  is  rapidly  absorbed,  and  a  white  solid  snbstance  produced, 
which  is  soluble  in  hot  alcohol,  and  separates  on  cooling  in  colorless,  trans- 
parent, scaly  crystals.  They  dissolve  in  water,  and  are  both  fusible  and 
volatile.  This  substance  is  ozamethanef  the  ethylio  ether  of  oxamicadd 
(p.  669) : 

(CA)''(OCA).    +    NH,    =    HOC.H,    +    C^,(NH,)(OC,HJ 
Ethyl  oxalate.  Alcohol.  Etnyl  oxamate. 

The  same  substance  is  formed  when  ammonia  in  small  quantity  is  added  to 
a  solution  of  oxalic  ether  in  alcohol. 

When  oxalic  ether  is  treated  with  dry  chlorine  in  excess  in  sunshine,  a 
white,  colorless,  crystalline,  fusible  body  is  produced,  insoluble  in  water, 
and  instantly  decomposed  by  alcohol.  It  consists  of  perchlorethylic  oial^tt, 
C,Cl|oO^,  or  0,04(0,015)2,  or  oxalic  ether  in  which  the  whole  of  the  hydro- 
gen IS  replaced  by  chlorine. 

Ethyl  oxalate  is  converted  by  potassium  or  sodium  into  ethyl  carbonate, 
with  evolution  of  carbon  monoxide:  C,(C,H5)j04  =  ^(OjHg),©,  -|-  CO; 
but  the  reaction  is  complicated  by  the  formation  of  several  other  products 

When  ethyl  oxalate  is  agitated  with  sodium  amalgam  in  a  vessel  exter- 
nally cooled,  a  product  is  obtained  which  is  separated  by  ether  into  a  soluble 
and  an  insoluble  portion,  the  latter  consisting  of  fermentable  sugar,  to- 
gether with  sodium  oxalate  and  at  least  one  other  sodinm-salt,  while  the 
ethereal  solution  yiehia,  by  spontaneous  evaporation,  crystals  having  the 
composition  C„H,j0j.  and  consisting  of  the  ethylio  ether  of  a  tribasic  add, 
CjHjOg.  called  deaoxalic  acid^  because  it  is  produced  by  deoxidation  of  oxalic 
acid:  60jHjO^  -f-  6H,  =  'IQ^Ufi^  -f-  4011,;  and  raeemo-earbonie  af/<i,  be- 
cause it  contains  the  elements  of  racemio  acid,  C4HgOg.  and  carbon  dioxide, 
COf,  and  is  resolved  into  those  two  compounds  when  its  aqueous  solution  is 
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heated  in  a  sealed  tube  with  a  small  quantity  of  sulphuric  aoid.  The  de- 
composition of  ethylio  oxalate  by  sodium  amalgam  has  not  been  completely 
inTeatigated,  but  the  formation  of  desoxalic  acid  and  glucose  may  be  re- 
presented by  the  equation : 

8C,H,04    +     14H,    -=2     2C5H,0,    +    Cfi^fi^    +    10H,O. 
Oxalic  acid.  Desoxalic  acid.     Glucose. 

Etbyl  oxalate  treated  with  sinc-ethyl,  and  afterward  with  water,  yields 
the  etfaylie  ether  of  diethoxalio  acid,  C!2H,( 0,115)203,  and  similar  products 
with  zinc-methyl  and  zinc-amyl  (p.  630). 

Acid  ethyl  oxalate,  or  Etkyloxalie  acid,  C^Xi{Cfl^)0^,  or  (C,0,)^'(OH)(OC. 
Hj),  is  obtained  as  a  potassium-salt  by  adding  to  a  solution  of  neutral  ethyl 
oxalate  in  absolute  alcohol,  a  quuntity  of  alcoholic  potash  less  than  suffi- 
cient to  convert  the  whole  into  potassium  oxalate  and  alcohol;  on  dissoW- 
ing  this  salt  in  hydrated  alcohol,  carefully  saturating  with  sulphuric  acid, 
and  neutralizing  with  carbonate  of  lead  or  barium,  the  ethyloxalate  of 
lead  or  barium  is  obtained. — The  acid  itself  is  prepared  by  decomposing 
either  of  these  salts  with  sulphuric  acid;  but  it  is  very  unstable,  and  is  de- 
composed by  concentration  into  alcohol  and  oxalic  acid.  —  The  potaMum- 
9alt,  C,(C,H^K04,  forms  crystalline  scales  which  begin  to  decompose  to- 
ward 100*. 

Methyl  Oxalate,  C,(CEr,)jO^,  or  {C,0,)^''(OCHj)p  is  easily  prepared  by 
distilling  a  mixture  of  equal  weights  of  oxalic  acid,  wood-spirit,  and  oil  of 
▼itriol.  A  spirituous  liquid  collects  in  the  receiver,  which,  when  exposed 
to  the  air,  quickly  evaporates,  leaving  the  methyl  oxalate  in  the  form  of 
rhombic,  transparent,  crystalline  plates,  which  may  be  purified  by  pressure 
between  folds  of  bibulous  paper,  and  redistilled  from  a  little  oxide  of  lend. 
The  product  is  colorless,  and  has  the  odor  of  ethyloxalate ;  it  melts  at  51^ 
C.  (12a<'  F.),  and  boils  at  lei^'C.  (a-il^T.),  dissolves  freely  in  alcohol  and 
wood-spirit,  and  also  in  water,  which,  however,  rapirlly  decomposes  it,  es- 
pecially when  hot,  into  oxalic  acid  and  wood-spirit.  The  alkaline  hydrates 
effect  the  same  change  even  more  easily.  Solution  of  ammonia  converts  it 
into  oxamide  and  methyl  alcohol.  With  dry  ammoniacal  gas  it  yields 
methyl  oxamate,  or  oxaroethylane,  (Cfi^y^{^H^)(OCli^)f  a  white,  solid  sub- 
8t*nce,  which  crystallizes  from  alcohol  in  pearly  cubes. 

Ethenb  Oxalate,  C^{Cfl{^Y^O^,  or  {Cfl^y^{C,Jifl^y^,  appears  to  be 
formed  by  the  action  of  ethene  bromide  on  silver  oxalate. 

Kalonio  Acid,  C.H^O^  =  (CHy)'^  (C0,H),  =  (C,H,0,)^^(0H)^— This 
acid  is  formed  by  the  slow  oxidation  of  propene  glycol  (p.  595) : 

C,H,0,      +      O,      =      20H,      +      C,H,0,; 

also  by  oxidizing  malic  acid  with  a  cold  solution  of  potassium  ohromate : 

C^HjO.    -f    0,    =-    CO,    +    OH,    +    CjH.O^; 
Malic  Malonic 

acid.  acid. 

and  by  the  action  of  alkalies  on  cyanacetic  acid,  or,  better,  on  ethyl  cyan- 
acetate  : 

C,H,rCN)0, .  C.,H,    +     30H,    =    NH,    +     C,HeO     -f     CjH^O^ 
Ethyl  cyanacetate.  Alcohol.      Malonic  acid. 

Malonic  acid  forms  large  rhombohedral  crystals,  soluble  in  water  and 
alcohol,  melting  at  140°  C.  (284°  F.),  and  resolved  at  150°  C.  (802o  F.) 
into  carbon  dioxide  and  acetic  acid.  —  Its  relations  to  bodies  of  the  uric 
acid  group  will  be  noticed  hereafter. 
56 
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Succinic  Add,  C4H,04=:(C,H4)'^(CO,H),  =  (C^H,0,)''(OH)r—Thw  acid 
is  produced:  1.  By  beating  ethene  cyanide'^  with  alcoholic  potasb: 

C,H4(CN),    +     40H,    =    2NH,    -f     C^H.O^. 

2.  By  the  action  of  nascent  hydrogen  (evolved  by  sodium-amalgam)  on 
maleic  acid,  or  its  isomer,  fumaric  acid,  C^H^O^  -f-  H^  =  CAi^O^,  —  8.  Bj 
the  action  of  bydriodic  acid  (or  water  and  phosphorus  iodide)  on  malic 
acid,  C^H^O,,  or  tartaric  acid,  0,11^0^,  tbe  reaction  consisting  in  the  abstrac- 
tion of  1  or  2  atoms  of  oxygen,  with  formation  of  water  and  separation  of 
iodine. — 4.  By  the  fermentation  of  malic  or  fumaric  acid,  and  of  maov 
other  organic  substances,  especially  under  the  influence  of  putrefying 
casein ;  in  small  quantity  also  during  the  alcoholic  fermentation  of  sug:ir 
(p.  516,  foot-note). — 5.  By  the  oxidation  of  many  organic  substance^s 
especially  of  the  fatty  acids,  i  oHjnO,,  and  their  glycerides,  under  the  in- 
fluence of  nitric  acid.  Its  formation  from  butyric  acid  is  represented  by 
the  equation  C.HjO,  +  0,  =  OH,  -|-  C^H^O^. 

Succinic  acid  occurs  ready  formed  in  amber  and  in  certain  lignites,  aod 
occasionally  in  the  animal  organism.  By  heating  amber  in  iron  retorts,  it 
may  be  obtained  in  colored  crystals,  which  may  be  purified  by  treatment 
with  nitric  acid  and  re-crystallization  from  boiling  water.  The  acid  i& 
however,  more  advantageously  prepared  by  the  fermentation  of  m&Iie  aeid, 
the  crude  calcium  nralate  obtained  by  neutralizing  the  juice  of  mountaiij- 
ash  berries  with  chalk  or  slaked  lime  being  used  for  the  purpose.  This 
salt  is  mixed  in  an  earthen  jar  with  water  and  yeast,  or  decaying  cheese, 
and  left  for  a  few  days  at  80®  or  40° ;  the  calcium  succinate  thus  obtained 
is  decomposed  by  dilute  sulphuric  acid;  and  the  succinic  acid  is  purified 
by  crystallization  from  water  and  by  sublimation. 

Succinic  acid  crystallizes  in  colorless,  oblique  rhombic  prisms,  which 
dissolve  in  5  parts  of  cold  and  in  8  parts  of  boiling  water:  it  melts  at 
180°  C.  (356°  F.)  and  boils  at  236°  C.  (455°  F.),  at  the  same  time  under- 
going decomposition  into  water  and  succinic  axitUy  or  anhydride,  C^H^O,.  or 
(€411^02)^^0.  The  same  compound  is  formed  by  the  action  of  phosphorob 
pentachloride  on  succinic  acid:  C^H.O^  +  PCI5  =  2HC1  -}-  POCl,  -r 
C4H4O3.  It  is  a  white  mass,  less  soluble  in  water,  but  more  soluble  in  slco- 
hoi,  than  succinic  acid. 

Succinic  acid,  being  bibasic,  forms,  with  monad  metals,  acid  and  neutrsl 
salts,  C4H.MO4  and  C4H4M,04,  and  with  dyad  metals,  neutral  salts,  con- 
taining C4H4M^^()4,  and  acid  salts,  04114^104.  C4Hg04.  — There  are  also  & 
few  double  succinates,  several  basic  lead-salts,  and  a  hyperacid  potassium- 
salt. 

Succinic  acid  is  distinguished  from  benzoic  acid  by  not  being  precipi- 
tated from  its  soluble  salts  by  mineral  acids,  and  by  forming  a  white  pre- 
cipitate with  barium  chloride,  on  addition  of  ammonia  and  alcohol. 

Pyrotertaric  Acid.  Q^ilfi^  =  {p%^ty'{^^fi)i  =  (C5H,0,)'^(0H)p  is  pro- 
duced by  the  dry  distillation  of  tartaric  acid,  and  by  the  action  of  alco- 
holic potash  on  propene  cyanide,  C,Hg(CN)-.  It  foi-ms  rhombic  prigms, 
very  soluble  in  water,  alcohol,  and  ether;  melts  at  112°  C.  (283°  F.),  vola- 
tilizes at  about  200°  C.  (392°  F.),  being  partly  resolved  into  water  and 
pyrotariaric  oxide,  C^Ufi^  It  forms  acid  and  neutral  salts  analogous  to  the 
succinates. 

Adipic  Acid,  CgH,o04,  and  Pimclic  Add,  CfHi,04,  are  produced  by  the  oxi- 
dation of  fats  with  nitric  acid. 

Suberic  Acid,  C,Hj404,  has  long  been  known  as  a  product  of  the  oxida- 

•  Ethene  cyanide  In  obtained  by  heating  ethene  bromide,  CsILIir*,  with  an  alcoholic  •ol1^ 
tion  of  potaaslttm  cyunlde.  '  ^  -«     i> 
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tion  of  cork  by  nitric  Acid.  Recently  it  has  been  produced,  together  with 
other  acids  of  the  series,  by  the  long-continued  action  of  nitric  acid  upon 
stearic  and  oleic  acids  and  other  tatty  bodies.  Suberic  acid  is  a  white 
crystalline  powder,  sparingly  soluble  in  cold  water,  fusible  and  Tolatile  by 
heat. 

Anchoio  Acid,  or  Lepargylio  Acid,  CgH^Q^,  is  formed,  together  with  other 
products,  by  the  action  of  nitric  acid  on  Chitiese  wax  and  on  the  fatty  acids 
of  cocoa-nut  oil.  —  Azelaic  cu^id^  obtained  by  oxidizing  castor-oil  with  nitric 
acid,  has  the  same  composition  as  anchoic  acid,  but  differs  so  much  from  it 
in  physical  properties,  that  it  must  be  regarded  as  an  isomeric  or  allo- 
tropic  modification. 

Sebic  or  Bebaoio  Aoid,  CigHigO^,  is  a  constant  product  of  the  destructiTe 
distillation  of  oleic  acid,  olein,  and  all  fatty  substances  containing'' those 
bodies;  it  is  extracted  by  boiling  the  distilled  matter  with  water:  it  is 
also  formed  by  the  action  of  potash  on  castor-oil  (see  p.  652  )  It  forms 
small  pearly  crystals  resembling  those  of  benzoic  acid.  It  has  a  faintly 
acid  taste,  is  but  little  soluble  in  cold  water,  melts  when  heated,  and  sub- 
limes unchanged. 

Boeeellie  Aoid,  Cg^H^O^,  exists  in  Roeeella  Hnetoria^  and  other  lichens  of 
the  same  genus,  also  in  Leeanora  tartarea^  and  is  obtained  by  exhausting 
the  first-mentioned  plant  with  aqueous  ammonia,  precipitating  the  filtered 
liquor  with  calcium  chloride,  and  decomposing  the  resulting  calcium-salt 
with  hydrochloric  acid.  When  purified  by  solution  in  ether,  it  forms 
white,  rectangular,  four-sided  tabular  crystals,  melting  at  182°  C.  (270°  F.), 
and  subliming  at  200°  C.  (892°  F.),  being  partially  converted  at  the  same 
time  into  an  oxide,  C^HjoO,.     This  acid  decomposes  carbonates. 


2.— Fnmario  Series  C»H^-^0^. 

This  series  includes  the  two  following  groups  of  isomeric  acids: 

Fumaric  and  Maleio  acids  .....    C4H4O4 
Itaconic,  Citraconic,  and  Mesaconic  acids       .         CjUq04. 

They  are  unsaturated  compounds,  capable  of  taking  up  two  atoms  of  hy- 
drogen, bromine,  and  other  monad  elements,  and  passing  into  acids  of  the 
preceding  series. 

Pumario  and  Kaleic  Aoids,  CJlfi^={C^T{^Y^(CO^n)^^  (C^lIfi^y^iOn)^ 
When  malic  acid  is  heated  in  a  small  retort,  nearly  fillea,  it  melts,  emits 
water,  and  enters  into  ebullition,  and  a  Tolatile  acid  passes  over,  which 
dissoWes  in  the  water  of  the  receiyer.  After  a  time,  small  solid,  crystal- 
line scales  make  their  appearance  in  the  boiling  liquid,  and  increase  in 
quantity  until  the  whole  becomes  solid.  The  process  may  now  be  inter- 
rupted, and  the  contents  of  the  retort,  after  cooling,  treated  with  cold 
water:  unaltered  malic  ncid  is  thereby  dissolved  out,  and  a  less  soluble  acid 
is  left  behind,  called  fumaric  acid,  from  its  identity  with  an  acid  extracted 
from  the  common  fumitory  (Fumaria  officinalis). 

Fumaric  acid  forms  small,  white  crystalline  laminse.  which  dissolve  freely 
in  hot  water  and  alcohol,  but  require  for  solution  about  200  parts  of  cold 
water:  it  is  unchanged  by  hot  nitric  acid.  When  heated  in  a  current  of 
air  it  sublimes,  but  in  a  retort  undergoes  decomposition ;  this  is  a  phenom- 
enon often  observed  in  organic  bodies  of  small  volatility.  Fumaric  acid 
forms  acid  and  neutral  metallic  salts,  and  an  ether,  which,  by  the  action  of 
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ftmmonia,  yields  fumaramide,   {Cfifi^y^(^H2)r  ^"  ^^^  ^"^^"^  P^  ^  white, 
amorphous,  insoluble  powder. 

The  volatile  acid  produced  simultaneously  with  fumario  acid  is  called 
maleic  acid;  it  may  be  obtained  in  crystals  by  cTaporalion  in  a  warm  place. 
It  is  Tery  soluble  in  water,  alcohol,  and  ether,  has  a  strongly  acid  taste  and 
reaction,  and  is  convertible  by  heat  into  fumaric  acid.  Maleic  and  fumtric 
acids  are  formed  from  malic  acid  by  separation  of  a  molecule  of  water. 
Fumaric  acid,  when  heated  with  bromine,  combines  with  2  atoms  of  that 
element,  forming  dibromosuccinic  acid^  Cfifirfi^^  which  resembles  in  all  its 
properties  the  dibrominated  acid  prepared  from  succinic  acid  by  direct 
substitution.  On  heating  fumaric  acid  with  hydriodic  acid,  it  passes  into 
succinic  acid.  The  same  reaction  takes  place  on  treating  fumaric  acid  with 
water  and  sodium-amalgam,  C^Hfi^  -^  U,  ^  C^Hfi^.  The  deportment  of 
maleitS  acid  with  bromine  and  nascent  hydrogen,  is  perfectly  analogous  to 
that  of  fumaric  acid:  when  treated  with  hydriodic  acid,  it  pasaea  first  into 
fumaric  acid,  and  then  into  succinic  acid  (Kekul^). 

Itaconio,  Citraconio,  and  Keiaeonio  Acidt,  C^H^O^. — The  first  two  off  bcse 
acids  are  produced  by  the  action  of  heat  on  citric  acid.  When  crystallized 
citric  acid  is  heated  in  a  retort  it  first  melts  in  its  water  of  crystalliiation, 
and  then  boils,  giving  off  water.  Afterwards,  at  about  ITd''  C.  (347°  F.), 
vapors  of  acetone  distil  over,  and  a  copious  disengagement  of  carbon  mon* 
noxide  takes  pltkce.  At  this  time  the  residue  in  the  retort  consists  of  tco- 
itic  acid.  If  the  distillation  be  still  continued,  carbon  dioxide  is  given 
off,  and  itaconic  acid  crystallizes  in  the  neck  of  the  retort.  If  these  crys- 
tals be  repeatedly  distilled,  an  oily  mass  of  citraconic  oxide  or  anhydride  is 
obtained,  which  no  longer  solidifies.  These  compositions  are  represented 
by  the  following  equations : 

CeHgO,  -  OH,  =  CeHeO^;        C^H^O,  —  CO,  =  C^H^O^; 

Citric  Aconitio       Aconitic  Itaconic 

acid.  acid.  acid.  acid. 

(^i^fi^        —        OH,    •    rs         CjH^O, 
Itaconio  Citraconio 

acid.  oxide. 

The  citraconic  oxide  when  exposed  to  the  air  absorbs  moisture,  and  is  eon- 
verted  into  crystallized  citraconic  acid,  C^Hfi^. 

Mcsaconic  acid  is  produced  by  boiling  itaconio  acid  with  weak  nitric  acid. 
These  three  isomeric  acids  are  all  converted  by  nascent  hydrogen  into 
pyrotartarie  acid,  CjHgO^.  They  also  take  up  a  molecule  of  bydrobromic 
acid,  HBr,  forming  monobromopyrotartaric  acid,  CsH^BrO^,  or  of  bromine, 
Br,,  forming  dibromopyrotartaric  acid.  Itaconic  and  citraconic  acids  are, 
however,  more  inclined  to  these  transformations  than  mesaconic  acid,  which 
is  altogether  a  more  stable  compound.* 

Camphoric  Acid,  C,oH„04,  produced  by  heating  camphor  (Cj^Hj^O)  with 
nitric  acid,  is  likewise  included  in  the  general  formula,  C«H,b^>4;  but  it 
appears  to  be  a  saturated  compound,  inasmuch  as  its  ethylic  eiher  shows 
no  tendency  to  take  up  chlorine  or  other  elements.  The  acid  forms  snusll 
colorless  needles  or  plates,  of  acid  and  bitter  taste,  sparingly  soluble  in 
cold  water.  It  melts  when  heated,  and  yields  by  distillation  a  colorless, 
crystalline,  neutral  substance,  consisting  of  camphoric  oxide,  or  anhydride, 
CjoH.^Oj.  Calcium  camphorate  when  distilled  yields  a  volatile  oil  consisting 
of  phorone,  CjHj^O,  the  ketone  of  camphoric  acid: 

C^HwCaO^        =        COjCa         +         C,H,p. 

•  Por  nn  explanation  of  the  inomprlwn  b<»twe«»n  th«M»  three  acids,  see  KektM  (BnnetlB  *!* 
SocWtt  Royale  de  Belglque  [2j,  xxxiv.  8;  fUiio  Laboratorj,  p,  869). 
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8.~8eriM  C^^^-fi^^ 
The  only  known  acid  belonging  to  this  serieu  is : 

Xellitio  Aeid,  €411,04,  which  occurs  as  an  aluminium-salt  in  a  yerj  rare 
mineral  called  meihtt  or  honeystone,  found  in  deposits  of  lignite.  It  is 
soluble  in  water  and  alcohol,  and  is  orjstallizable,  forming  colorless  needles. 
It  is  a  bibasic  acid,  forming  acid  and  neutral  salts :  the  mellitatea  of  the 
alkali-metals  are  soluble  and  crystallizable ;  those  of  the  earths  and  heavy 
metals  are  mostly  insoluble. 

Ammonium  mellitate  yields  .by  distillation  paranUde  and  euehroie  acid. 
The  former  is  a  white,  amorphous,  insoluble  substance,  containing  C4HNO, 
(t.  «.,  acid  ammonium  mellitate,  C4H(N  114)04  mintu  20H,),  and  convertible 
by  boiling  with  water  into  acid  ammonium  mellitate.  Euehroie  acid  forms 
colorless,  sparingly  soluble  crystals,  containing  in  the  anhydrous  state 
CgH4N,04.  In  contact  with  metallic  zinc  and  deoxidizing  agents  in  general, 
it  yields  a  deep  blue  insoluble  substance  called  euchrone. 


4.— Series  Cn^^^O^, 


Quinonie  or  QuinoyUc  aeid,  0^11404,  is  not  actually  known,  but  its  dichlori- 
nat^d  derivative,  C.II,Cl204,  is  produced  by  the  action  of  potash  on  tetra- 
chloroquinone,  C^Cl40,.  It  is  a  crystalline  substance,  which  gives  off  water 
when  heated.     It  is  bibasic,  forming  acid  and  neutral  salts. 

Ortdlinie  add,  CgHgO.,  and  Evemie  acid,  C,H,q04,  perhaps  belong  to  the 
same  series.  They  will  be  further  noticed  in  the  chapter  on  Coloring 
Matters. 


6.  —  Series  CnTl2n-io04. 


This  series  includes  the  isomeric  acids,  phthalic  and  terephthalio, 
CgH^04 ;  also  insolinic  acid,  C,Hg04. 

Phthalio  Acid,  CgHg04,  also  called  Alizarie  and  Naphthalic  acid,  is  pro- 
duced by  the  action  of  nitric  acid  on  naphthalene,  dichloride  of  naphtha- 
lene, alizarin,  and  purpurin  (the  coloring  matters  of  madder) : 


Naphthalene. 

+ 

0. 

Phthalic  acid. 

+ 

Oxalic  aci 

C..H.O. 
Alizarin. 

+ 

0H,+0, 

C,H,0, 

+ 

Cj,H,04. 

2C,H,0, 
Purpurin. 

+ 

0H,+0. 

=         2C,H,0, 

+ 

C,H,04. 

It  is  usually  prepared  by  treating  naphthalene  dichloride  with  boiling  ni- 
tric acid. 

Phthalic  acid  crystallizes  in  colorless  plates :  it  is  but  slightly  soluble  in 
cold  water,  but  dissolves  freely  in  alcohol  and  ether.  It  is  bibasic,  form- 
ing acid  and  neutral  salts.  When  heated,  it  loses  a  molecule  of  water,  and 
leaves  phthalic  oxide,  CgH.O,.  Treated  with  fuming  nitric  acid,  it  yields 
mtro-phthalic  acid,  C^\ij(^0^)0^.  When  distilled  with  baryta,  it  gives  off 
benzene : 

CfHA        -h         2BaO        =        2C0,Ba        -f         CeH^. 
66* 
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Terephthalio  Aoid,  OgHgO^,  is  produced  by  the  oxidizing  action  of  nitrie 
acid  on  turpeotine  oil,  lemon-oil,  and  other  terpenee,  also  on  cymene.  It 
is  a  white,  tasteless,  crystalline  powder,  not  perceptibly  soluble  in  water, 
alcohol,  or  ether.  It  is  distinguished  from  phthalic  acid  by  subliming 
without  alteration  when  heated,  and  not  being  resolved  into  water  and  an 
anhydride.  Although  bibasic,  it  forms  no  double  salta,  and  shows  but  little 
tendency  to  form  acid  salts.  Nearly  all  the  tcrephtbalates  are  soluble  and 
crystallisable,  and  so  inflammable  that  they  may  be  set  on  fire  by  a  spark 
from  a  flint  and  steel,  and  burn  away  slowly  like  tinder,  emitting  the  odor 
of  benzene. 

Insolinio  Acid,  C^HgOf,  is  produced  by  the  action  of  potassium  bichro- 
mate and  sulphuric  acid  on  cumic  acid,*  and  by  that  of  nitric  acid  od  coal- 
tar  cuniene  (tri methyl-benzene,  p.  498),  sylie  acid  being  first  produced,  aad 
afterward  further  oxidized  to  insolinic  acid :  f 


C|oH||0, 
Cumio 

+ 

0. 

' — 

CO,      +      20H, 

+ 

C,H,0, 

Isolinie 

acid. 

acid. 

Cumene. 

+ 

0. 

— 

CfH»0, 
Zylic  acid. 

+ 

OH, 

• 

C,H,oO, 
Zylic  acid. 

+ 

0, 

^ 

C,Hg0i 
Insolinic  acid. 

+ 

OH, 

Insolinio  acid  is  a  white  crystalline  powder,  and  resembles  terephthalic 
acid  in  being  nearly  insoluble  in  cold  and  sparingly  soluble  in  hot  waur; 
from  hot  alcohol  it  separates  in  crystalline  crusts.  When  heated  it  sub- 
limes without  previous  fusion,  and  in  part  without  decomposition.  It  is 
bibasic,  forming  neutral  acid  and  double  salts,  also  a  neotral  and  acid 
ethylic  ether  (Hofmann). 


TRIATOHIC  AND  MONOBASIC  ACIDS. 

These  acids  are  derived  from  triatomic  alcohols  by  substitution  of  0  for 
Hp  as  glyceric  acid,  0,11,04,  from  glycerin,  C,H,0,: 

CHjOH 

CHOH 

CH,OH 
Glycerin. 

The  known  acids  of  the  group  are : 


Glyoxylic  acid 
Glyceric  acid     . 
Oxysalicylic  acid 


Olyozylie  Aoid,  C,H404 


C.H^O^ 
C.H,04 
G,H,04 

OH 


*  CHjOH 

CHOH 

COOH 
Glyceric  acid. 

Eugetio  acid 
Piperic  acid    . 


=    CHOH.  — This  acid  is  produced:  1.  By  the 


I 


OOH 


action  of  nascent  hydrogen  (evolved  by  zinc  and  sulphuric  acid)  on  oxalic 
acid:  C,H,0^  -f  H,  =  CjH^O^. 

•  Hu/niann,  Ann.  Cli.  Pharm.  xrvJl.  197. 

t  Hntd  and  BtiUtetn,  Bull.  Poc.  Chim.  d«  Parti  [ij,  vli.  346. 
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2.  By  boiling  silver  bromoglyoollate  with  water: 

C,H;AgBrO,     +        OH,        ==        AgBr  +         C^Efi^. 

8.  By  the  oxidation  of  glycol,  alcohol,  or  glyoxal  with  nitric  acid : 

CAO,  +  0,        =        CjH^O^       4-         OH, 

lycol 


Glycol. 

C,H,0  +  0^        =        C,H^04       +         OH, 

Alcohol. 

C,H,0-  +  0  +        OH,  ==         CjH^O^. 


Glyoxal 

Olyoxylic  acid  may  he  obtained  by  eTaporation  in  the  form  of  a  yiscid 
transparent  eyrup,  which  dissoWes  readily  in  water,  and  distils  without 
alteration  at  100°.  It  dissoWes  zinc  without  OTolution  of  hydrogen,  and  is 
converted  into  glycolic  acid :  C,H404  -|-  H,  =  CjH^O,  -\-  OH,.  Glyoxylic 
acid  forms  salts  most  of  which  are  represented  by  the  formulsB  CjHjO^M, 
and  (C,H,04),M'',  e.  y.,  the  silver-salt  is  CjH.O^Ag,  and  the  ealdum-saU, 
(CJtfjOJjCa^'.  The  ammonium'Salt,  however,  has  the  composition  C,HO, 
(Nn^),  apparently  derived  from  an  acid  containing  G,H,0,.  This  is  indeed 
the  formula  originally  assigned  to  glyoxylio  acid  by  Debus,*  who  discovered 
it.  This  formula  is  perfectly  consistent  with  the  formation  of  the  acid  by 
oxidation  of  glyoxal,  glycol,  and  alcohol ;  but,  on  the  other  hand,  its  forma- 
tion from  oxalic  and  from  bromoglycolio  acid  seems  rather  to  show  that  it 
consists  of  CjH^O^.f  Moreover,  if  the  acid  were  really  CjH,0,,  it  would 
be  necessary  to  suppose  that  all  the  glyoxylates,  except  the  ammonium  salt, 
contain  water  of  crystallization,  the  silver-salt,  for  example,  being  C,HO, 
Ag.OH, ;  now,  there  is  no  other  known  instance  of  a  silver-salt  containing 
water.  The  ammonium-salt  above  mentioned  is  probably  an  amide,  (CgHg 
0,)NHy  formed  from  the  true  ammonium  glyoxylate,  C2H,04(NH4),  by  ab- 
straction of  water. 

Glycerio  Acid,  C,n0O4.  —  This  acid,  isomeric  with  pyruvic  acid,  is  pro- 
duced by  the  action  of  nitric  acid  on  glycerin :  also  by  the  spontaneous 
decomposition  of  nitroglycerin,  and  by  heating  glycerin  with  bromine  and 
a  large  quantity  of  water  to  100°  in  a  sealed  tube : 

CjHgO,    -f    2Br,    +    OH,    =    4HBr    +    C^Ufi^, 

Glyceric  acid,  when  concentrated,  is  a  colorless  non-crystallizing  syrup 
which,  when  heated  for  some  time  to  106°  C.  (221°  F),  gives  off  water  and 
is  converted  into  glyceric  oxide  or  anhydride,  CjH-O,.  This  acid,  treated 
with  phosphorus  iodide,  is  converted  into  iodopropionic  acid,  C3H5IO,. 

The  glycerates,  CJH5O4M'  and  (CjHjO^),^!''^,  are  soluble  in  water  and 
crystallize  well.  They  are  not  reddened  by  ferrous  sulphate,  and  are 
thereby  distinguished  from  the  pyruvates,  with  which  they  are  isomeric. 

Ozysalieylio  Aeid,  CfH904,  is  produced  by  boiling  a  solution  of  iodosali- 
cylic  acid,  C^HjlO,,  with  potash.  It  forms  highly  lustrous  needles,  soluble 
in  water,  alcohol,  and  ether.  The  aqueous  solution  is  colored  deep  blue  by 
ferric  chloride.  The  crystallized  acid  melts  at  193°  C.  (379°  F.),  and  is 
resolved  between  210°  and  212°  C.  (410°-414°  F.)  into  carbonic  dioxide  and 
oxyphenol  or  pyrocatechin,  CjH,0,  (p.  662),  and  its  isomer,  hydro-quinone. 
The  oxy salicylates  are  very  unstable. 

There  are  three  acids  isomeric  with  oxysalicylic  acid,  viz.,  hypogallic 
ficid,  produced  by  the  action  of  boiling  hydriodic  acid  on  hemipinic  acid, 

CioHiaOe    +    2HI    =    C.H^    +     2CH,I    -{-    CO,; 

•  Phn.  Mag.  [4],  x11. 3& 

t  itrAan  »nd  IJitppa,  Cham.  Soc.  J.  [2],  vl.  197. 
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protocatechuie  acid,  produced,  together  with  oxalic  and  acetic  acids,  bj  the 
action  of  melted  potash  on  piperic  acid,  C,|H,^0^: 

CijHioO^  -f-  80H,  »  CjUfi^  +  CjHjO^  -f  C,H^Oj  -f  COj-f  7H,. 

and  earbohydroquinonie  add,  produced  by  a  peculiar  transformation  of  qninic 
acid. 

Engetio  Aoid,  CjiHi^O^,  is  produced  by  the  action  of  carbon  dioxide  a&d 
sodium  on  eugenol  or  eugenic  acid  (oxidized  essence  of  cIotcs)  : 

CioH^NaO,  +  CO,  ==  CuH^NaO^ 

Sodium  Soaium 

eugenate.  eugetate. 

It  crystallizes  from  hot  aqueous  solution  in  long  colorless  prisms,  nieltiiif 
at  124^  C.  (255^  F.),  slightly  soluble  in  cold  water,  very  soluble  in  alcohol 
and  ether.  The  aqueous  solution  is  colored  blue  by  ferric  chloride.  The 
acid  is  resoWed  by  heat  into  carbon  dioxide  and  eugenic  acid. 

Piperio  Add,  CuHji^O^,  is  produced,  together  with  piperidine,  by  boiling 
piperine  (an  alkaloid  from  pepper)  with  potash : 

C„H„NO,        +        OH,        =        C„ITk.O«        +        C^H  H 
Piperine.  Fiperic  Piperidine. 

acid. 

It  forms  yellowish  capillary  needles,  melting  at  150^0.  (S02?  F.),  and  rab- 
liniing  at  about  200^  C.  (892^  F.) ;  nearly  insoluble  in  water,  easily  solnble 
in  boiling  alcohol.  When  fused  with  potassium  hydrate  it  yields  protoca- 
techuie acid,  together  with  other  products.  The  piperates  eren  of  the 
alkali-metals  are  sparingly  soluble  in  water,  the  rest  insoluble. 


TRIATOMIC  AND  BTBASIC  ACIDS. 


The  only  known  acids  of  this  group  are  malie  acid,  C^H^O^,  and  im-trme 
acid,  CgH^O^,  obtained  by  the  spontaneous  decomposition  of  nitrotartaric 
acid,  and  perhaps  also  croconic  acid,  CjH^O^  (p.  678). 


H  "1 

HsOJ'^'yR  .— Thiaacic 


MaUe  Acid,  C^H^O.  =  {Cfifi^y^^{On)^,  or  (C^HjO,)''''  V^  .— Thiaacid 

H,  J "« 

is  formed  synthetically  by  the  action  of  moist  silyer  oxide  on  monobromo- 
succinic  acid: 

2C4HjBr04    -f     OAg,     4-     OH,    =    2AgBr     +     2C^Bfi^. 

It  is  also  produced  by  the  action  of  nitrous  acid  on  asparagin,  a  sub- 
stance existing  in  asparagus,  marsh>mallow,  and  other  plants,  or  on  aspar- 
tic  acid,  an  acid  formed  by  the  decomposition  of  asparagin  onder  the  influ- 
ence of  acids  or  alkalies : 

C4H8NA     -f     2N0,H     =     C.HA      +    20H,    -f    2N,. 
Asparagin.  Malic  acid. 

C.H^NO,      -f      N0,H      =      C.HgOj      -f      OH,     -j-      N^ 
ABpartic  acid.  Malic  acid. 

Malic  acid  is  the  acid  of  apples,  pears,  and  Tarious  other  fruits:  it  is 
often  associated  with  citric  acid.     An  excellent  process  for  preparing  it  is 
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thai  of  Everitt,  who  has  demonstrated  its  existence,  in  great  quantity,  in 
the  juice  of  the  common  garden  rhubarb :  it  is  there  accompanied  by  acid 
potassium  oxalate.  The  rhubarb  stalks  are  peeled,  and  ground  or  grated 
to  pulp,  vrhich  is  subjected  to  pressure.  The  juice  is  heated  to  the  boiling 
point,  neutralised  with  potassium  carbonate,  and  mixed  with  calcium  ace- 
tate :  insoluble  calcium  oxalate  then  falls,  and  may  be  removed  by  filtra- 
tion. To  the  clear  and  nearly  colorless  liquid,  solution  of  lead  acetate  is 
added  as  long  as  a  precipitate  continues  to  be  produced ;  and  the  lead  ma- 
late  is  collected  on  a  filter,  washed,  diffused  through  water,  and  decom- 
posed by  sulphuretted  hydrogen.*  The  filtered  liquid  is  carefully  evap- 
orated to  the  consistence  of  a  syrup,  and  left  in  a  dry  atmosphere  until  it 
becomes  converted  into  a  solid  and  somewhat  crystalline  mass  of  malic 
acid:  regular  crystals  have  not  been  obtained.  From  the  berries  of  the 
mountain-ash  {Sorbus  aucuparia)^  in  which  malic  acid  is  likewise  present  in 
considerable  quantity,  especially  at  the  time  they  begin  to  ripen,  the  acid 
may  be  prepared  by  the  same  process. 

Malic  acid  is  colorless,  slightly  deliquescent,  and  very  soluble  in  water: 
alcohol  also  dissolves  it.  The  aqueous  solution  has  an  agreeable  acid  taste: 
it  becomes  mouldy  and  spoils  by  keeping.  In  contact  with  ferments,  es- 
pecially of  putrefying  cheese,  it  is  decomposed,  yielding  succinic  and  acetic 
acids  and  carbon  dioxide : 

SC^H^Oj  =  2C^Ufi^  +   C,H,0,    -f    2C0,    +    OH, 

Sometimes  also  butyric  acid  and  hydrogen  are  found  among  the  products 
of  the  fermentation.  Malic  acid  is  converted  into  succinic  acid  by  digest- 
ing it  in  sealed  tubes  with  hydriodic  acid : 

C.HeO,     -f-     2HI    =    C.HeO,     +     OH,    +     I, 

The  reconversion  of  succinic  into  malic  acid  has  been  already  mentioned. 
The  sodium-salt  of  bromomalio  acid,  C^HsBrOg,  obtained  by  boiling  an 
aqueous  solution  of  sodium  dibromosuccinate  (C^HjNaBr.O^),  is  converted 
by  boiling  with  lime-water  into  the  calcium-salt  of  tartaric  acid,  C^H^O^ : 

C^HjBrOs      +      OH,     =      HBr      +      CJlfi^. 

Malic  acid  forms  both  acid  and  neutral  salts.  The  most  characteristic 
of  the  malates  are  acid  ammonium  malate^  C4H.0.(NH^),  which  crystallizes 
remarkably  well,  and  lead  malate,  C^H^O^Pb^^ .  3  Aq.,  which  is  insoluble  in 
pure  water,  but  dissolves  to  a  considerable  extent  in  warm  dilute  acids,  and 
separates  on  cooling  in  brilliant  silvery  crystals,  containing  water.  By 
this  character  the  acid  may  be  distinguished.  Acid  calcium  malate,  C^H^O^ 
Ca  .  C^HfOg  .  8  Aq.,  is  also  a  very  beautiful  salt,  freely  soluble  in  warm 
water  It  is  prepared  by  dissolving  the  sparingly  soluble  neutral  malate  in 
hot  dilute  nitric  acid,  and  leaving  the  solution  to  cool. 

Malic  acid,  as  it  exists  in  plants,  and  as  obtained  from  asparagin,  or 
from  aspartic  acid  produced  from  the  latter,  exerts  a  rotatory  action  on 
polarized  light ;  [a]^  —  5® ;  but  by  the  action  of  nitrons  acid  on  inactive 
aspartic  acid  (resulting  from  the  decomposition  of  fumarimide),  Pasteur 
has  obtained  a  modification  of  malic  acid  which  is  also  optically  inactive. 


TRIATOMIC  AND  TRIBASIC  ACIDS. 

But  few  of  these  acids  have  yet  been  obtained ;  the  most  important  are 
aconitic  acid  and  carballylic  acid. 

*  If  the  acfd  be  required  pare,  crystal lized  lead  malate  xnniit  be  nsed,  the  fVeshly  precfpf- 
tated  talt  iUTwiably  carrying  down  a  quantity  of  lime,  which  cannot  be  remored  by  simple 
vaahing. 


670  TKTRATOMIO  ACIDS. 

Aoonitie  Aoid,  C,H,0,  =  (CeH,0,)'^^(OH)»,  existo  in  moiikVho<»d  (Ji 
turn  Nap«Uu9)y  and  other  plants  of  the  same  genus,  also  in  EquUetian  fiuvw- 
tile,  and  is  one  of  the  products  obtained  by  the  dehydration  of  citric  acid 
(p.  664). 

When  crystallized  citric  acid  is  heated  in  a  retort  till  it  begins  to  become 
colored,  and  to  undergo  decomposition,  and  the  fused,  glassy  product,  after 
cooling,  is  dissolyed  in  water,  aconitic  acid,  on  evaporation,  remains  as  a 
white,  confusedly  crystalline  mass,  permanent  in  the  air,  and  very  soluble 
in  water,  alcohol,  and  ether;  the  solution  has  an  acid  and  astringent  taste. 
The  salts  of  aconitic  acid  possess  but  little  interest;  that  of  ^on'mi  forms 
an  insoluble  gelatinous  mass;  ealeium  acont'taftj  which  has  a  certain  degree 
of  solubility,  is  found  abundantly  in  the  expressed  juice  of  monk's-hood, 
and  magneaium  aconitate  in  that  of  equuetum. 

Carballylic  Acid,  CeHgO,  =  {C^T{fi^y{Ott\  ==  (C,H,)'''(CO,H),,  is  pro- 
duced by  the  action  of  nascent  hydrogen  on  aconitic  acid,  and  by  thai  of 
alcoholic  potash  on  propenyl  tricyanide,  or  tricyanh'ydrin : 

(C,H,)///(CN),  +  8K0H  +  80H,  »  3NH,  +  (C3H,)'//(C0^), 
Tricyanhydrin.  Potassium 

carballylate. 

It  forms  colorless  trimetric  crystals  easily  soluble  in  water  and  aleolol 
slightly  soluble  in  ether.  The  csrballylates  of  the  alkali-metals  are  easilj 
soluble  in  water,  the  rest  insoluble  or  sparingly  soluble.  The  eikylk  eiker^ 
(C.H.Ojj'^^rOCJI.),.  is  a  liquid  boiling  between  296°  and  306**  C.  (563°- 
58P  F.). 


TETRATOHIG  ACIDS. 


These  acids  may  be  derived  from  tctratomic  alcohols  by  substitution  of 
one,  two,  three,  or  four  atoms  of  oxygen  for  a  corresponding  number  of 
hydrogen  molecules : 

CHjOH  CHgOH  COOH 

CHOH  CHOH  CHOH 

CHOH  CHOH  CHOH 

CILOH  COOH  COOH 

Erytlirite.  Erythric  acid  Tartaric  acid 

(monobasic).  (bibasic). 

Only  one  tetratomic  acid  has,  however,  been  actually  formed  by  oxids- 
tion  of  the  corresponding  alcohol,  namely,  erythric  acid,  C^H^O,,  from 
eryt bride,  C4H|q04. 

The  known  tetratomio  acids  are  Gallic  add,  C^HgO^,  and  Erytkrie  aeid, 
C4H8O5.  which  are  monobasic ;  Tartaric  add,  C^U^O^,  and  an  acid,  C|H,0|, 
homologous  with  it,  obtained  by  the  action  of  moist  silver  oxide  on  dibronio- 
pyrotartaric  acid,  which  are  bibasic,  and  Citric  acid,  C^li fi^,  which  is  tri- 
basic. 

Opianic  add,  C,QTI,QOg.  ITeviipinic  add,  ^AifivPv  *^*^  Meconic  add.  CjHjO^ 
are  probably  also  tetratomic  acids;  the  first  being  monobasic,  the  secoad 
bibasic,  and  the  third  tribasic. 

^t         ) 
OalUo  Acid,   CyH^Oj  =  (C^n,0)'^'(0H)4  =  (C^H,0)«^  VO^.— This  acid 


H,0)i-|0,.- 
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exists  ready  formed  in  certain  plants,  as  sumach,  hellebore  root,  the  acorns 
of  Quercut  aegilopty  green  and  black  tea,  and  others ;  it  is  also  produced  by 
the  transformation  of  gallo-tannic  acid,  and  is  therefore  found,  together 
with  the  latter,  in  old  nut-galls.     A  solution  of  tannic  acid  in  water  exposed 
to  the  air,  gradually  deposits  crystals  of  gallic  acid,  formed  by  the  destruc- 
tion of  the  tannic  acid.     The  simplest  method  of  preparing  gallic  acid  in 
qoaDtiiy  is  to  take  powdered  nut-galls,  which,  when  fresh  and  of  good 
quality,  contain  30  or  40  per  cent,  of  tannic  acid,  with  scarcely  more  than 
a  trace  of  gallic ;  mix  this  powder  with  water  to  a  thin  paste,  and  expose 
the  mixture  to  the  air  in  a  warm  situation  for  two  or  three  months,  adding 
water  from  time  to  time,  to  replace  that  lost  by  drying  up.     The  mouldy, 
dark-colored  mass  thus  produced  may  then  be  strongly  pressed  in  a  cloth, 
and  the  solid  portion  boiled  in  a  considerable  quantity  of  water.     The 
filtered  solution  deposits  on  cooling  abundance  of  gallic  acid,  which  may 
be  drained  and  pressed,  and  finally  purified  by  recrystallization. 

Gallio  acid  has  lately  been  produced  by  the  action  of  moist  silver  oxide 
on  dibromo-,  or  di-iodosalicylic  acid : 

C^H^Br,©,    -f    OAg,    +    OH,    =     2AgBr    +    C,H«Oj; 

hence  it  may  be  regarded  as  dioxysalicylic  acid. 

Qallic  acid  forms  small,  feathery,  and  nearly  colorless  crystals,  which 
hare  a  beautiful  silky  lustre;  they  contain  C^H^O^.  Aq. ;  it  requires  for  solu- 
tion 100  parts  of  cold  and  only  8  parts  of  boiling  water ;  the  solution  has 
an  acid  and  astringent  taste,  and  is  gradually  decomposed  by  keeping. 
Gallic  acid  does  not  precipitate  gelatin ;  with  ferrous  salts  it  produces  no 
change;  but  with  ferric  salts,  it  forms  a  deep  bluish-black  precipitate, 
which  disappears  when  the  liquid  is  heated,  from  the  reduction  of  the 
ferric  to  ferrous  salt  at  the  expense  of  the  gallic  acid. 

The  salts  of  gallio  acid  present  but  little  interest ;  those  of  the  alkali- 
metals  are  soluble,  and  readily  destroyed  by  oxidation  in  presence  of  excess 
of  base,  the  solution  acquiring  after  some  time  a  nearly  black  color;  the 
gallates  of  most  of  the  other  metals  are  insoluble. 

Gallic  acid  heated  to  about  215^  C.  (419®  F.)  is  resolved  into  carbon 
dioxide  and  pyrogallol  or  pyrogallic  acid,  C^H^O,  (p.  670),  which  sublimes 
in  crystalline  plates. 

Gallic  acid  and  pyrogallic  acid  reduce  salts  of  gold  and  silver  to  the 
metallic  state:  it  is  on  this  property  that  their  application  in  photography 
depends. 

When  dry  gallic  acid  is  suddenly  heated  to  249®  C.  (480®  F.),  or  above, 
it  is  decomposed  into  carbon  dioxide,  water,  and  metagallic  acid^  CqH^O,, 
which  remains  in  the  retort  as  a  black,  shining  mass,  resembling  charcoal ; 
a  few  crystals  of  pyrogallic  acid  are  formed  at  the  same  time.  Metagallic 
acid  is  insoluble  in  water,  but  dissolves  in  alkalies,  and  is  again  precipi- 
tated as  a  black  powder  by  the  addition  of  an  acid.  It  forms  insoluble  salts 
with  lead  and  silver.  Pyrogallic  acid,  also,  when  exposed  to  the  requisite 
temperature,  yields  metagallic  acid,  with  separation  of  water. 


Appendix  to  GaUie  Acid* 

TANNIC  ACIDS,  OR  TANNIN& 

These  substances  constitute  the  astringent  principles  of  plants,  and  are 
widely  diiFused,  in  one  form  or  other,  through  the  vegetable  kingdom.  It 
is  possible  that  there  may  be  several  distinct  modifications  of  tannic  acid, 
which  differ  among  themselves  in  some  particulars.     The  astringent  prin- 
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ciple  of  oak-bark  and  nut-galls,  for  example,  is  found  to  precipitate  ferric 
salts  bluish-black,  while  that  from  the  leaves  of  the  sumach  and  tea-plant, 
as  well  as  infusions  of  the  substances  known  in  commerce  under  the  names 
of  kino  and  catechu,  are  remarkable  for  giving,  under  similar  oircumi^tanees, 
precipitates  which  have  a  tint  of  green.  The  color  of  a  precipitate  is,  bow- 
ever,  too  much  influenced  by  external  causes  to  be  relied  upon  as  a  proof 
of  essential  difference.  Moreover,  the  tannic  acid  or  acids  appear  to  be 
uncrystallisable ;  one  most  valuable  test  of  individuality  is  therefore  lost. 
After  the  reaction  with  ferric  salts,  the  most  characteristic  feature  of 
tannic  acid  and  the  other  astringent  infusions  referred  to,  is  that  of  form- 
ing insoluble  compounds  with  a  great  variety  of  organic,  and  especially 
animal  substances,  as  solutions  of  starch  and  gelatin,  solid  muscular  fibre, 
skin,  &c.,  which  then  acquire  the  property  of  resisting  putrefaction:  it  is 
on  this  principle  that  leather  is  manufactured.  Gallic  acid,  on  the  con- 
trary, is  useless  in  the  operation  of  tanning. 

Tannie  Acid  of  the  Oak,  Gallotannie  acid,  C^H^O^y. — Thia  substance  may 
be  prepared  by  Pelouze's  method,  from  nut-galls,  which  are  excrescences 
produced  on  the  leaves  of  a  species  of  oak,  the  Quercut  in/ecioria,  by  the 
puncture  of  an  insect.  A  glass  vessel, — having  somewhat  the  figure  of  that 
represented  in  Fig.  195,  is  loosely  stopped  at  its  lower  ex- 
tremity by  a  bit  of  cotton  wool,  and  half  or  two-thirds  filled 
with  powdered  Aleppo  galls  Ether,  prepared  in  the  usual 
manner  by  rectification,  and  containing  as  it  invariably  does 
a  little  water,  is  then  poured  upon  the  powder,  and  the  vessel 
loosely  stopped.  The  liquid,  which  after  some  time  collects 
in  the  receiver  below,  consists  of  two  distinct  strata :  the 
lower,  which  is  almost  colorless,  is  a  very  strong  solution  of 
nearly  pure  tannic  acid  in  water  ;  the  upper  consists  of  ether 
holding  in  solution  gallic  acid,  coloring  matter,  and  other  im- 
purities. The  carefully  separated  heavy  liquid  is  placed  to 
evaporate  over  a  surface  of  oil  of  vitriol  in  the  vacuum  of  the 
air-pump.  Tannic  acid,  or  tannin,  thus  obtained,  forms  a 
slightly  yellowish,  friable,  porous  mass,  without  the  slightest 
tendency  to  crystallization.  It  is  very  soluble  in  water,  less 
80  in  alcohol,  and  very  slightly  soluble  in  ether.  It  reddens 
litmus  and  possesses  a  pure  astringent  taste  without  bitter- 
ness. 

A  strong  solution  of  this  substance  mixed  with  mineral 
acids  gives  rise  to  precipitates,  which  consist  of  combinations 
of  the  tannic  acid  with  the  acids  in  question:  the  compounds 
are  freely  soluble  in  pure  water,  but  nearly  insoluble  in  acid 
liquids.  Gallotannie  acid  precipitates  albumin,  gelatin,  salts 
of  the  vegeto-alkalies,  and  several  other  substances :  it  form.'* 
soluble  compounds  with  the  alkalies,  which,  if  excess  of  base 
be  present,  rapidly  attract  oxygen,  and  become  brown  by  de- 
struction of  the  acid ;  the  gallotannates  of  barium,  strontium,  and  calcium  are 
sparingly  soluble ;  those  of  lead  and  antimony  are  insoluble.  Ferrous  salts 
are  unchanged  by  solution  of  gallo-tannic  acid  ;  ferric  *alU,  on  the  contrary, 
give  with  it  a  deep  bluish-black  precipitate,  which  is  the  basis  of  writing- 
ink  :  hence  the  value  of  an  infusion  of  tincture  of  nut-galls  as  a  test  for  the 
presence  of  that  metal. 

Gallotannie  acid,  when  boiled  with  acids,  assimilates  water,  and  splits 
into  glucose  and  gallic  acid : 

Gallotannie  Gallic  Glucose, 

acid.  acid. 
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The  same  reaction  takes  place  on  heating  tannic  acid  with  a  concentrated 
Bolution  of  potash:  in  this  case,  however,  the  sugar  is  further  conterted 
into  giucio  acid.  Nut-galls  contain  a  ferment  which  induces  the  same  de- 
composition of  tannic  acid,  exciting,  at  the  tame  time,  alcoholic  fermenta- 
Uon  of  the  sugar.  Gallotannic  acid,  prepared  bjr  the  methods  aboTe  men- 
tioned, still  cou tains  a  sufficient  quantity  of  the  ferment  to  produce  this 
decomposition  when  the  acid  is  dissoWed  in  water,  and  at  the  ordinary 
temperature :  it  ensues,  howoTor,  much  more  rapidly  on  addition  of  nut- 
galls.  If  this  fermentation  takes  place  in  the  presence  of  air,  a  part  of  the 
tannic  acid  is  converted  into  eliaffie  add,  C^^HjOg.  The  same  substance  is 
found  in  the  insoluble  residue  of  woody  fibre  and  other  matters  from  which 
gallie  acid  has  been  withdrawn  by  boiling  water ;  it  may  be  extracted  by 
an  alkali,  and  afterward  precipitated  by  addition  of  hydrochloric  acid,  us 
a  grayish  insoluble  powder. 

Tannic  acid,  closely  resembling  that  obtained  from  galls,  may  be  ex- 
tracted by  cold  water  from  catechu ;  hot  water  dissoWes  out  a  substance 
having  feebly  acid  properties,  termed  eateehm.  This  latter  compound, 
when  pure,  crystallizes  in  fine  colorless  needles,  which  melt  when  heated, 
and  dissoWe  very  freely  in  boiling  water,  but  scarcely  at  all  in  the  cold. 
Catechin  dissolves  also  in  hot  alcohol  and  ether.  The  aqueous  solution 
acquires  a  red  tint  by  exposure  to  air,  and  precipitates  lead  acetate  and 
corrosiTe  sublimate  white,  reduces  silver  nitrate  on  addition  of  ammonia, 
bttt  does  not  form  insoluble  compounds  with  gelatin,  starch,  and  the  vegeto- 
alkalies.  It  strikes  a  deep  green  color  with  ferric  salts.  Catechin  when 
heated  yields  pyrocatechin,  or  oxypbenol,  C«H^O|  (p.  662).  Catechin  has 
been  variously  represented  by  the  formuln  C,H|p04,  and  C.HgO^. 

Japonic  and  RMc  acids  are  formed  by  the  action  of  alkali  in  excess  upon 
catechin,  the  first  when  the  alkali  is  in  the  caustic  state,  and  the  second 
when  it  is  in  the  state  of  carbonate.  Japonic  acid  is  a  black  and  nearly 
insoluble  substance,  soluble  in  alkalies  and  precipitated  by  acids;  it  is 
perhaps  identical  with  a  black  substance  of  acid  properties,  which  Peligot 
obtained  by  heating  grape-sugar  with  barium  hydrate.  Rubic  acid  has 
been  but  little  studied :  it  is  said  to  form  red  insoluble  compounds  with  the 
earths  and  certain  other  metallic  oxides. 

Several  acids  closely  allied  to  tannic  acid  have  been  found  in  coffee  and 
Paraguay  tea. 

Opiasio  Add,  C,oH|pOg,  is  a  monobasic  acid,  produced,  together  with  co- 
tarnine,  by  the  oxidation  of  narcotine : 

C„H„NO,    +    0     =     C„H„NO,    +    C„H„0, 
Narcotine.  Cotarnine.         Opianic  acid. 

It  crystallizes  in  thin  prisms,  slightly  soluble  in  cold,  easily  in  boiling 
water;  also  in  alcohol  and  ether,  melts  at  140°  C.  (284®  F.).  Caustic  pot- 
ash converts  it  into  meconin  and  hemipinic  acid  : 

2C„H„q         =        C„H„0,        +        0„H„0. 
Opiamo  acid.  Meconin.  Hemipinic  acid. 


TXTSATOMIC  AND  BIBASIC  ACIDS. 

Ikrttfio    Aeid,    C.HA   =   (C,H,0,)    (OH),   =  (C,H,)''{[g^^^)jfj^  .^ 

These  formulas  include  four  bibasic  adds  distinguished  from  one  another 
by  certain  physical  properties,  especially  by  their  crystalline  forms,  and 
57 
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their  action  on  polarized  light, —  namely,  Dexirotartaric  add,  which  turns 
the  plane  of  polarization  to  the  right ;  Lerotartarie  acidy  which  turns  it  to  tbe 
left  with  equal  force ;  ParafartariCy  or  Ractmie  acid,  which  is  optically  inac- 
tive, and  separable  into  equal  quantities  of  dextro-  and  levotartaric  acids; 
and  an  inactive  variety  of  tartaric  acid,  which  is  not  thus  separable. 

Dkxtbotabtabic  OB  Obdimabt  Tabtabic  Acid.  —  This  is  the  aeid  of 
grapes,  tamarinds,  pine  apples,  and  of  several  other  fruita,  in  which  it  oc- 
curs in  the  state  of  an  acid  potassium-aaH ;  calcium  tartrate  is  also  occa- 
sionally met  with.  The  tartaric  acid  of  commerce  is  wholly  prepared  from 
tartar  or  argol,  an  impure  acid  potassium  tartrate,  deposited  from  wine,  or 
rather  from  grape-juice  in  the  act  of  fermentation.  This  substance  is  pu- 
rified by  solution  in  hot  water,  with  the  aid  of  a  little  pipe-clay  and  ani- 
mal charcoal,  to  remove  the  coloring  matter  of  the  wine,  and  subsequent 
crystallization :  it  then  constitutes  cream  of  tartar,  and  serves  for  the  pre- 
paration of  the  acid.  The  salt  is  dissolved  in  boiling  water,  and  powdered 
chalk  IB  added  as  long  as  effervescence  is  excited,  or  the  liquid  exhibits  an 
acid  reaction:  calcium  tartrate  and  neutral  potassium  tartrate  result;  the 
latter  is  separated  from  the  former,  which  is  insoluble  by  filtration.  Tbe 
solution  of  potassium  tartrate  is  then  mixed  with  excess  of  calcium  chlo- 
ride, which  throws  down  all  the  remaining  acid  in  the  form  of  calcium- 
sail:  this  is  washed,  and  added  to  the  former  portion,  and  the  whole  is 
digested  with  a  sufficient  quantity  of  dilute  sulphuric  acid  to  withdraw  the 
base,  and  liberate  the  tartaric  acid.  The  filtered  solution  is  cautiously 
evaporated  to  a  syrupy  consistence,  and  placed  to  crystallise  in  a  warm 
situation.  Liebig  has  lately  found  that  tartaric  acid  is  artificially  pro- 
duced by  the  action  of  nitric  acid  upon  milk>sugar.  It  may  also  be  ob- 
tained from  succinic  acid. 

Succinic  acid,  C^H^O^,  when  submitted  to  the  action  of  bromine,  yields 
two  substitution -products,  broniosuccinic  acid,  C^H^BrO^.  and  dibromosue- 
oinio  acid,  C^Wfirfi^.  The  latter,  when  treated  with  silver  oxide  in  pres- 
enqe  of  water,  is  converted  into  tartaric  acid  and  silver  bromide,  CiH^Br, 
O4  -f  Ag,0  -f  H,0  a  C^HjOj  -f  2AgBr  (Perkin  and  Duppa;  Kekul*}. 

Tartaric  acid  forms  colorless,  transparent  crystals,  otten  of  large  size, 
which  have  the  figure  of  an  oblique  rhombic  prism  more  or  less  modified; 
they  are  permanent  in  the  air,  and  inodorous;  they  dissolve  with  great 
facility  in  water,  both  hot  and  cold,  and  are  soluble  also  in  alcohol.  The 
solution  reddens  litmus  strongly,  and  has  a  pure  acid  taste.  The  aqueous 
solution,  as  above  mentioned,  exhibits  right-handed  polarization.  This 
solution  is  gradually  spoiled  by  keeping.  Tartaric  acid  is  consumed  in 
large  quantities  by  the  calico-printer,  being  employed  to  evolve  chlorine 
from  solution  of  bleach ing-powder  in  the  production  of  white  or  dUekarged 
patterns  upon  a  colored  ground. 

TVir^ra/w.— Tartaric  acid  is  tetratomic  and  bibasio,  two  only  of  its  hy- 
drogen-atoms being  replaceable  by  metals,  the  other  two  by  alcoholic  or 
acid  radicals.  With  monad  metals  it  forms  acid  and  neutral  salts,  C.H5M' 
Og.  and  C^H^MjOj;  with  dya<l  metals,  neutral  salts,  C^H^M'^O,,  and  double 
salts,  like  bario-potas^nc  tartrate,  C^H^Ba^^Oj.  C^H^KjOe-  With  triad  meials 
it  forms  a  peculiar  class  of  salts,  best  known  in  the  case  of  the  aiuimwjf- 
talt  (p.  675). 

Potassium  Tartrates.  —  The  neutral  salt,C^U^Kfi^,  maybe  procured  by 
neutralizing  cream  of  tartar  with  chalk,  as  in  the  preparation  of  the  acid, 
or  by  adding  potassium  carbonate  to  cream  of  tartar  t-o  saturation;  it  is 
very  soluble,  and  crystallizes  with  difficulty  in  right  rhombic  prisms,  which 
are  permanent  in  the  air,  and  have  a  bitter,  saline  taste.  The  add  talt,  or 
fiream  of  tartar,  C^H^KO^y  the  origin  and  preparation  of  which  have  been 
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already  described,  forms  small  transparent  or  translucent  prismatic  crystals 
irregularly  grouped  together,  which  grate  between  the  teeth.  It  dis- 
solves pretty  freely  in  boiling  water,  but  the  greater  part  separates  as  the 
solution  cools,  leaving  about  ^  or  less  dissolved  in  the  cold  liquid.  The 
salt  has  an  acid  reaction  and  a  sour  taste.  When  exposed  to  heat  in  a 
close  Tessel,  it  is  decomposed,  with  evolution  of  inflammable  gas,  leaving  a 
mixture  of  finely  divided  charcoal  and  pure  potassium  carbonate  (black 
flux),  from  which  the  latter  may  be  extracted  by  water.  Cream  of  tartar  is 
almost  always  produced  when  tartaric  acid  in  excess  is  added  to  a  moder- 
ately strong  solution  of  a  potassium-salt,  and  the  whole  agitated. 

Sodium  Tartrates. — Two  of  these  salts  are  known — a  neutral  talL, 
C^H^Na^iOf  .  2  Aq. ;  and  an  acid  salf,  C^H^NaO^ .  Aq.  Both  are  easily  soluble 
in  water,  and  crystallizable.  Tartaric  acid  and  sodium  bicarbonate  form 
the  ordinary  effervescing  draughts. 

Potassium  and  sodium  tartrate  ;  RoeheJle  or  Seignette  salt,  C^H^KNaO^ .  4  Aq. 
This  beautiful  salt  is  made  by  neutralizing  with  sodium  carbonale  a  hot  so- 
lution of  cream  of  tartar,  and  evaporating  to  the  consistence  of  thin  syrup. 
It  separates  in  large,  transparent,  prismatic  crystals,  the  faces  of  which 
are  unequally  developed :  these  efiloresce  slightly  in  the  air,  and  dissolve 
in  1}  parts  of  cold  water.  Acids  precipitate  cream  of  tartar  from  the  so- 
lution.    Rochelle  salt  has  a  mild  saline  taste,  and  is  used  as  a  purgative. 

Ammonium  Tartrates.  —  The  neutral  tartrate  is  a  soluble  and  efflorescent 
salt,  containing  C4H^(NH^),0j.  Aq.  The  acid  tartrate,  CJI^fNH.jO,,  closely 
resembles  ordinary  creain  of  tartar.  A  salt  corresponding  to  Kochelle  salt 
also  exists,  bavin tr  ammonium  in  place  of  sodium. 

The  tartrates  of  calcium,  barium,  strontium,  magnesium,  and  of  most  of  the 
heavy  metals,  are  insoluble,  or  nearly  so,  in  water. 

PoTASsio-ANTiMONious  TARTRATE,  or  tartar  emetic,  is  easily  made  by  boil- 
ing antimony  trioxitle  in  solution  of  cream  of  tartar :  it  is  deposited  from 
a  hot  and  concentrated  solution  in  crystals  derived  from  an  octohedron 
with  rhombic  base,  which  dissolve  without  decomposition  in  Id  parts*  of 
cold  and  3  of  boiling  water,  and  have  an  acrid  and  extremely  disagreeable 
metallic  taste.  The  solution  is  decomposed  by  both  acidsand  alkalies:  the 
former  throws  down  a  mixture  of  cream  of  tartar  and  antimony  trioxide, 
and  the  latter  the  trioxide,  which  is  again  dissolved  by  great  excess  of  the 
reagent.  Sulphurett-ed  hydrogen  separates  all  the  antimony  in  the  state 
of  trisulphide.  The  dry  salt  heated  on  charcoal  before  the  blowpipe,  yields 
a  globule  of  metallic  antimony.  The  crystals  contain  2C4H^K(SbO)Of .  Aq., 
the  group  SbO  acting  as  a  univalent  radical,  and  replacing  one  atom  of  hy- 
drogen. When  dried  at  100^,  they  give  off  their  water  of  crystallization,  and 
at  2()0°  0.(392^  F.),  an  additional  molecule  of  water,  leaving  the  compound 
C^H^KfSbO^Og,  which  has  the  constitution  of  a  salt,  not  of  tartaric,  but  of 
tartrelic  acid,  C^H^Oj.  Nevertheless,  when  dissolved  in  water,  the  crystals 
again 'take  up  the  elements  of  water,  and  reproduce  the  original  salt. 

An  analogous  compound,  containing  arsenic  in  place  of  antimony,  has 
been  described.     It  has  the  same  crystalline  form  as  tartar  emetic. 

A  solution  of  tartaric  acid  dissolves  ferric  hydrate  in  large  quantity, 
forming  a  brown  liquid,  which  has  an  acid  reaction,  and  dries  up  by  gentle 
heat  to  a  brown,  transparent,  glassy  substance,  destitute  of  all  traces  of 
crystallization.  It  is  very  soluble  in  water,  and  the  solution  is  not  preci- 
pitated by  alkalies,  either  fixed  or  volatile.  Indeed,  tartaric  acid,  added  in 
sufl&cient  quantity  to  a  solution  of  ferric  oxide,  or  alumina,  entirely  pre- 
vents the  precipitation  of  the  bases  by  excess  of  ammonia.  Tartrate  and 
ammoniaeal  tartrate  of  iron  are  used  in  medicine,  these  compounds  having 
a  less  disagreeable  taste  than  most  of  the  iron  preparations. 
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Bolntioni  of  Urtario  acid  give  with  lime  and  baryta- water,  and  witb  lead 
acetate,  white  precipitates,  which  dissoWe  in  excess  of  the  acid ;  with  neu- 
tral oaloiom  and  barium-salts  no  change  is  produced.  Silver  nitrate  pro- 
duces in  neutral  tartrates  a  white  precipitate  of  siWer  tartrate,  which  dis- 
soWes  in  ammonia.  On  gently  heating  the  solution,  a  bright  meisllic  de- 
posit of  siWer  is  formed.  The  reaction  of  tartaric  acid  with  solutions  of 
potassium-salts  has  been  already  noticed  (p.  299). 

Tartaric  EtherM,  —  1.  Tartaric  acid  forms,  with  monatomic  alcohol-radi- 
cals,  acid  and  neutral  ethers,  in  which  one  or  both  of  the  atoms  of  i««ie  hy- 
drogen in  its  molecule  is  replaced  by  an  alcohol-radicaL  These  compounds 
may  be  conveniently  formulated  as  follows : 

Tartaric  acid.  Acid  ethyl  tartrate.     Neutral  ethyl  tartrate. 

The  acid  ethers  are  monobasic  acids,  formed  by  the  direct  action  of  tar- 
taric acid  on  the  respective  alcohols ;  the  neutral  ethers  are  formed  by 
passing  hydrochloric  acid  gas  into  a  solution  of  tartaric  acid  in  an  alcohol. 
Further,  by  treating  these  neutral  ethers  with  chloridett  of  acid  radtmls, 
other  neutral  ethers  are  formed,  in  which  one  or  more  of  the  a]cob<rfic  hj- 
drogen-atoms  are  replaced  by  acid  radicals.*  In  this  manner  are  formed 
such  compounds  as  the  following: 

f  OH  f  OC,H,0       /p  «  M,  f  (OH), 

(C,H,)»'J0C,H,0  (C,H,)''J  OC.H,0      }J^«"«     ^  (0,C>/)J'' 

Ethyl  aceto-tartrate.        Ethyl  aceto-benso-         Ethyl  suecino- 

tartrate.  tartrate. 

The  alcoholic  hydrogen  in  these  neutral  ethers  may  be  replaced  by  potts- 
sium  and  sodium. 

2.  There  are  also  bibatk  tartaric  ethert  formed  by  replaeing  the  alcoholic 
hydrogen  of  tartaric  acid  with  acid  radicals;  «.  ff.: 

(c.H.)'^{o|n|0      (C.H.)''{S°S;S1?)'     (c.Hj^{i«;^). 

Benxotartaric  Diacetotartario  Dinitrotartaric 

acid.  acid.  acid. 

8.  Lastly,  tartaric  aoid  forms  ethers  with  glycol,  glycerin,  mannite,  glu- 
cose, and  other  polyatomic  alcohols. 

Achon  of  heat  an  Tartaric  Acid.  —  When  crystallized  tartaric  acid  is  ex- 
posed to  a  temperature  of  about  204**  C.  (399°  F.),  it  melts,  loses  water,  siid 
yields  in  succession  three  different  anhydrides,  vis. : 

Bitartaric  or  Tartralic  acid  .        .        C,nn,0i,  =  2C4H,0,  —  H,0 
Tartrelic  acid   .        .  .         Ipho— rno  HO 

Insoluble  tartaric  anhydride        .      /  ^4**4^i    —  ^n«"s    — ««" 

The  first  two  are  soluble  in  water,  and  form  salts  which  have  properties 
completely  different  from  those  of  ordinary  tartaric  aoid.  The  third  is  a 
white  insoluble  powder.  All  three,  in  contact  with  water,  slowly  pass  into 
ordinary  tartaric  acid. 

Tartaric  acid,  subjected  to  destructive  distillation,  is  resolved  intoewt- 
bon  dioxide  and  pyroiartaric  acid.  CgH,0.. 

When  tartaric  acid  is  heated  to  204 -S^  C.  (400®  F.),  with  excess  of  poi*^ 

•  FM:in,  Ohem.  8oc.  Jour.  f2],  t.  1». 
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«ium  h  j-drat^,  it  is  resoWed,  without  charring  or  secondary  decomposition, 
into  oxalic  and  acetic  acids,  which  remain  in  union  with  the  base,  and  only 
undergo  decomposition  at  a  much  higher  temperature : 

C^H.O^    +     2KH0    =    C.KHO^    +     C,H,KO,    +     20H, 
Tartaric  Aciu  potas-         Potassiuui 

acid.  sium  oxalate.         acetate. 

Pakvta&tabic  OB  Racbmic  Acid. — The  grapes  cultivated  in  certain  dis- 
tricts of  the  Upper  Rhine,  and  also  in  the  Vosges,  contain,  in  association 
with  tartaric  acid,  another  acid  body  to  which  the  above  names  are  given. 
This  acid  is  rather  less  soluble  than  tartaric  acid,  and  separates  first  from 
the  solution  of  that  substance.  Between  these  two  acids,  however,  a  very 
^reat  resemblance  exists;  they  have  exactly  the  same  composition,  and 
yif^ld,  when  exposed  to  heat,  the  same  products;  the  salts  of  racemic  acid 
correspond  also,  in  the  closest  manner,  with  the  tartrates.  A  solution  of 
racemic  acid,  however,  precipitates  a  neutral  calcium-salt,  which  is  not  the 
cfLse  with  tartaric  acid.  A  solution  of  racemic  acid  does  not  rotate  the 
plane  of  polarization. 

Racemic  acid  has  been  the  subject  of  some  exceedingly  interesting  re- 
searches by  M.  Pasteur,  which  have  thrown  much  light  upon  the  relation 
of  this  acid  to  tartaric  acid.  If  racemic  acid  be  saturated  with  potash,  or 
so  la,  or  with  most  other  bases,  crystals  are  obtained,  which  are  identical 
in  form  and  physical  properties.  By  saturating  racemic  acid,  however, 
with  two  ba!ies,  by  forming,  for  instance,  compounds  corresponding  to 
Rochelle  salt,  which  contain  potassium  and  sodium,  or  ammonium  and  so- 
dium, and  allowing  the  solution  to  crystallize  slowly,  two  varieties  of  crys- 
tals are  produced,  which  may  be  distinguished  by  their  form,  each  of  them 
coutaining  hemihedral  faces  (p.  263),  equal  in  number  and  exactly  similar 
in  form,  but  developed  on  opposite  sides  of  the.  two  crystals,  so  that  each 
of  them  miy  be  regarded  as  the  reflected  image  of  the  other,  or  as  right- 
handed  and  left-handed.  If  the  two  kinds  of  crystals  are  carefully 
s(>lected  and  separately  crystallized,  crystals  of  the  one  variety  only  are 
d<*poslted  in  each  case.  The  composition,  the  specific  gravity,  and,  in 
fact,  most  of  the  physical  properties  of  these  two  varieties  of  sodio-potas- 
sie  racMnate,  are  invariably  the  same  They  differ,  however,  somewhat  in 
their  c'lemical  characters,  and  especially  in  one  point:  they  rotate  the 
plane  of  polarization  in  opposite  directions.  Pasteur  assumes,  in  the  two 
varieties  of  crystals,  the  existence  of  two  modifications  of  the  same  acid, 
which  he  distinguishes,  according  as  the  salt  possesses  right- or  left-handed 
polarization,  by  the  terms  duxtro-raeemie  and  levO'raeemie^  or  dextro^  and 
Utfo- tartaric  aeids  These  acids  may  be  separated  by  converting  the  above 
compounds  into  lead-  or  barium-salts,  and  decomposing  them  by  means  of 
sulphuric  acid.  In  this  manner  two  crystalline  acids  are  obtained,  identi- 
cal in  every  respect,  excepting  in  their  deportment  with  polarized  light, 
and  in  their  crystals  being  related  to  each  other  in  the  manner  above  men- 
tioned. Dixtrotartaric  acid  is  nothing  but  common  tartaric  acid.  A  mix- 
ture of  equal  parts  of  the  two  acids  has  no  longer  the  slightest  effect  on 
polarized  light,  and  exhibits  in  every  respect  the  deportment  of  racemic 
acid. 

Pastenr,  in  continuing  his  beautiful  researches,  has  also  made  the  impor- 
tant discovery  that  racemic  acid  may  be  artificially  produced  by  the  action 
of  heat  upon  certain  compounds  of  tartaric  acid  which  are  capable  of  re- 
sisting a  high  temperature.  When  tartrate  of  cinchonine*  or  tartaric 
ether,  is  exposed  to  a  temperature  of  about  170®  C.  (338®  F.),  and  the  product 
thus  formed  is  repeatedly  boiled  with  water,  a  solution  is  obtained,  which, 
when  mixed,  after  cooling,  with  an  excess  of  calcium  chloride,  yields  a'con- 

*  See  the  chapter  on  Organic  BMea 
67* 
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BiderabU  precipitate  of  calcium  racemate.  Compounda  of  leTotartaric  acid, 
when  submitted  to  the  action  of  heat,  likewise  furnish  racemic  acid.  Tbe 
formation  of  racemic  acid  in  these  reactions  is  accompanied  by  the  pro- 
duction of  a  fourth  modification  of  tartaric  acid,  which  Pasteur  calls  inac- 
tive tartaric  acid.  Like  racemic  acid,  it  has  no  action  on  polarised  lights 
but  cannot,  like  the  latter,  be  resolved  into  levo-  and  dextrotartaric  a»L 

Xhodisonio  Aoid,  CgH^O^. — ^When  potassium  is  heated  in  a  stream  of  dry 
carbon  monoxide,  the  latter  is  absorbed  in  large  quantity,  and  a  black  por- 
ous substance  generated,  which,  according  to  Brodie,  contains  COK^ 
Brought  in  contact  with  water,  it  decomposes  with  great  Tiolence,  sad 
even  the  dry  substance  occasionally  explodes;  when  anhydrous  alcohol  is 
poured  upon  it,  a  great  elevation  of  temperature  ensues,  but  the  decompo- 
sition is  far  less  violent  than  with  water.  The  product  of  this  reaction  b 
potassium  rhodixonate,  which  remains  as  a  red  powder,  insoluble  in  alco- 
hol, but  soluble  in  water  with  a  deep  red  color.  This  salt  probably  con- 
tains CgH^K^Oe. 

When  solution  of  potassium  rhodixonate  is  boiled,  it  becomes  orange-yel- 
low from  decomposition  of  the  acid,  and  is  then  found  to  contain  a  fr«e 
potash,  and  a  salt  of  Crocome  acid^  CgH^O^-  This  acid  can  be  isolated :  it 
IS  yellow,  easily  crystalUzable,  soluble  both  in  water  and  alcohoL  It  is 
likewise  bibasio. 
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Citric  Aeid,  C^HgO^. — This  acid  is  obtained  in  large  quantities  from  tbe 
juice  of  lemons :  it  is  found  in  many  other  fruits,  as  in  gooseberries,  car- 
rants.  &c.,  in  conjunction  with  malic  acid.  In  the  preparation  of  this  acid, 
the  juice  is  allowed  to  ferment  a  short  time,  in  order  that  mucilage  and 
other  impurities  may  separate  and  subside:  the\;lear  liquor  is  then  care- 
fully saturated  with  chalk,  whereby  insoluble  calcium  citrate  is  produced. 
This  is  thoroughly  washed,  decomposed  by  the  proper  quantity  of  sulpha- 
ric  acid,  diluted  with  water,  and  the  filtered  solution  is  evaporated  to  a 
small  bulk,  and  left  to  crystallixe.  The  product  is  drained  from  the 
mother-liquor,  redissolved,  digested  with  animal  charcoal,  and  again  con- 
centrated to  the  crystallising  point. 

Citric  acid  crystallixes  in  two  different  forms.  The  crystals  which  sepa- 
rate by  spontaneous  evaporation  from  a  cold  saturated  solution,  are  tri- 
metric  prisms,  containing  C^HgO,.  OH^  whereas  those  which  are  deposited 
from  a  hot  solution  have  a  different  form  and  contain  2CfH,0..  OH,. — Ci- 
tric acid  has  a  pure  and  agreeable  acid  taste,  and  dissolves,  with  great  ease, 
in  both  hot  and  cold  water;  the  solution  strongly  reddens  litmus,  and, 
when  long  kept,  is  subject  to  spontaneous  change.  Citric  acid,  when 
brought  in  contact  with  putrid  flesh  as  a  ferment,  yields  butyric  acid  and 
small  quantities  of  succinic  acid.  It  is  entirely  decomposed  when  heated 
with  sulphuric  and  nitric  acids :  the  latter  converts  it  into  oxalic  acid. 
Caustic  potash,  at  a  high  temperature,  resolves  it  into  acetic  and  oxalio 
acids.  The  alkaline  citrates,  treated  with  chlorine,  yield  chloroform,  to- 
gether with  other  products. 

Citric  acid  is  tetratomic  and  tribasic,  and  may  be  represented  by  the 

f  OH"  r*»  rCHjOH 

formula  (C,nj''  {  y^\  „.     or  p,J  H,  .     It  has   not  yet   been  ob- 

t(LU,ti;„        u    i(CO,H), 

talned  by  any  synthetical  process.     With  potamum  it  forms  »  neutral  salt 
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containing  C^U^Kfi^  and  two  acid  salts  containing  respect iyely  CqIT^K^O. 
and  C^HfKOj ;  und  similar  salts  with  the  other  alkali-metals.  With  dyaa 
metals  it  chieflj  forms  salts  in  which  two  or  three  hydrogen-atoms  in  the 
molecule  C, H,Oj,  are  replaced  by  metals ;  with  calcium,  for  example,  it 
forms  the  salts  C^FI,Cu''0^ .  Aq.,  and  (CjHgOy),Ca''. .  Aq  With  Uad  it  forms 
two  salts  similar  in  constitution  to  the  calcmm-saits,  and  likewise  a  tetra- 
plumbio  salt  containing  ((\\ifi^)^Vb^\.  Pb''H,Oy 

The  citrates  of  the  alkali-metal*  are  soluble  and  crystallise  with  greater 
or  less  facility ;  those  of  barium,  atrotUium,  calcium,  lead,  and  nlvcr  are  in- 
soluble. 

Citric  acid  resembles  tartaric  acid  in  its  relations  to  ferric  oxide,  pre- 
venting the  precipitation  of  that  substance  by  excess  of  ammonia.  The 
citrate  obtiLined  by  dissolving  hydratcd  ferric  oxide  in  solution  of  citric 
acid,  dries  up  to  a  pale-brown,  transparent,  amorphous  mass,  which  is  not 
very  soluble  in  water :  an  addition  of  ammonia  increases  the  solubility. 
Citrate  and  ammonia-citrate  of  iron  are  elegant  medicinal  preparations. 
Very  little  is  known  respecting  the  composition  of  these  curious  com- 
pounds :  the  absence  of  crystallization  is  a  great  bar  to  exact  inquiry. 

Citric  acid  is  sometimes  adulterated  with  tartaric  acid:  the  fraud  is 
eadily  detected  by  dissolving  the  acid  in  a  little  cold  water,  and  adding  to 
the  solution  a  small  quantity  of  potassium  acetate.  If  tartaric  acid  be 
present,  a  white  crystalline  precipitate  of  cream  of  tartar  will  be  produced 
on  agitation. 

Citric  acid  forms  ethers  in  which  1,  2,  or  8  hydrogen-atoms  are  replaced 
by  methyl  and  other  monad  alcohol-radicals. 

Meeonic  Aeid,  C^Ufi^,  a  tribasic  acid  existing  in  opium,  may  also  be  de- 
scribed here.  To  prepare  it,  the  liquid  obtained  by  exhausting  opium 
with  water,  is  neutralised  with  powdered  marble  and  precipitated  by 
calcium  chloride ;  and  the  calcium  meconate  thus  precipitated  is  sus- 
pended in  warm  water  and  treated  with  hydrochloric  acid ;  on  cooling,  im- 
pure meeonic  acid  crystallizes,  which  may  be  purified  by  repeated  treat- 
ment with  hydrochloric  acid.  The  pure  acid  cr^'stalUzes  in  mica-like 
plates,  easily  soluble  in  boiling,  difficultly  soluble  in  cold  water,  soluble 
likewise  in  alcohol.  The  crystals  contain  C^^fi^.  8  Aq.  and  give  off  their 
water  at  100^.  The  meconatet  are,  for  the  most  part,  mono-  and  bi-metal- 
lic.  There  are  two  nlver  meconates^  one  yellow,  containing  C^HAg-O^ ;-  the 
other  white,  consisting  of  CfH^Ag^O^.  Meeonic  acid  produces  a  aeep  red 
color  w^th  ferric  salts. 

Coxmio  AoxD,  CgH^O^,  is  a  product  of  decomposition  of  meeonic  acid. 
When  an  aqueous,  or,  better,  a  hydrochloric  solution  of  meeonic  acid  is 
boiled,  carbon  dioxide  is  evolved,  and  the  solution  now  contains  comenic 
acid,  which  crystallizes  on  cooling,  being  very  difficultly  soluble  in  cold 
water.  The  same  acid  may  be  obtained  by  heating  meeonic  acid  to  200°  C. 
(392*^  F.).  It  is  bibasic:  its  formation  is  represented  by  the  equation 
C^H^O^  r=:  CjH^Oj  -f  CO,. 

Pteomxconic  or  Ptbocomknio  Aoid,  C^H^Og,  is  a  monobasic  acid,  formed 
by  submitting  either  comenic  or  meeonic  acid  to  dry  distillation,  one  mole- 
cule of  carbon  dioxide  being  evolved  in  the  former  case  and  two  in  the 
latter. 

Pyrocomenio  acid  is  a  weak  acid :  it  is  soluble  in  water  and  alcohol : 
from  these  solutions  it  crystallizes  in  long  colorless  needles,  which  melt  at 
120^  C.  (248<'  F  ),  and  begin  to  sublime  at  the  boiling  point  of  water.  Both 
comenic  and  pyrocomenio  acids  exhibit  the  red  coloration  with  ferric  salts. 

The  salts  of  meeonic  aoid  and  comenic  acid,  together  with  several  deriva- 
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lives  of  these  subsianoes,  hvfe  been  studied  by  Mr.  How,*  bat  our  spue 
will  not  permit  us  to  de^oribe  these  compounds. 

An  acid  much  resembling  mecontc  acid  has  been  extracted  from  the  Cht- 
Udonium  mnju* :  it  is  combined  with  lime,  and  associated  with  malic  tad 
fumario  acids.  Chclidonic  acid  is  tribasic,  forming  three  classes  of  ssUs. 
When  exposed  to  a  high  temperature,  it  yields  a  pyro-acid,  with  etolutioa 
of  water  and  carbon  dioxide.  It  crystallises  in  slender  colorless  easily  sol- 
uble needles,  containing  C^II^O^ .  Aq. 


PENTATOHIO  ACIDS. 

There  is  but  one  known  acid  that  can  be  referred  to  this  group,  namelj: 

Qainio  or  Xinio  Aoid,  C^H^O^  which  is  monobasic,  and  may  perhaps  be 

represented  by  the  formula  (C,Hy)*  <  cqu- — The  calcium-salt  of  this  sdd 

is  found  in  the  solution  from  which  the  alkalies  of  cinchona  bark  have  been 
separated  by  lime,  and  is  easily  obtained  by  evaporation,  and  puri6ed  bj 
animal  charcoal.  From  the  calcium-salt  the  acid  may  be  extracted  by  de- 
composing it  with  dilute  sulphuric  acid.  The  clear  solution  evaporated  to 
a  syrupy  consistence  deposits  large,  distinct  crystals,  resembling  those  of 
tartaric  acid,  and  soluble  in  2  parts  of  water.  Quinic  acid  has  also  been 
found  in  coffee-berries  and  in  the  leaves  of  the  bilberry-bush. 

When  quinic  acid  is  heated  with  a  mixture  of  sulphuric  acid  and  manga- 
nese dioxide,  it  yields  a  very  volatile  substance  termed  quinone^  the  vapor 
of  which  is  exceedingly  irritating  to  the  eyes.  This  body  forms  crysiala, 
both  by  sublimation  and  by  solution  in  boiling  water:  it  melts  at  a  gentle 
heat,  crystallizes  on  cooling,  colors  the  skin  permanently  brown.  It  con- 
tains Cfll^Oi.  and  its  formation  is  represented  by  the  equation : 

C,n„0,     -f     0,    =     C«H,0,     +     CO,     +     illfi. 

By  destructive  distillation,  quinic  acid  yields  numerous  and  interesting 
products,  which  have  been  studied  by  Wohler,  as  benzoic  acid,  phenol,  sa- 
licylol,  benzene,  a  tarry  substance  not  examined,  and  colorltst  hydroquinofw, 
CqHqO,,  containing  2  atoms  of  hydrogen  more  than  quinone.  This  sab- 
stiincc  forms  colorless  six-sided  prismatic  crystals ;  it  is  neutral,  destit^ite 
of  taste  and  odor,  fusible,  and  easily  soluble  both  in  water  and  in  alcohol 

Colorless  hyJroquinone  can  be  easily  and  directly  produced  f^om  qui- 
none by  assimilation  of  hydrogen,  as  by  addition  of  hydriodic  acid  to  a  so- 
lution of  the  latter,  iodine  being  then  set  free,  or  by  sulphurous  acid. 

An  intermediate  product  of  reduction  is  ffreen  hyaroquinonr,  or  quiaky- 
droney  Ci^FIjoO^.  This  is  obtained  by  the  incomplete  action  of  sulphurous 
acid  upon  quinone,  or  by  the  action  of  ferric  chloride,  chlorine,  silver  ni- 
trate, or  chromic  acid,  upon  colorloss  hydroquinone ;  or  by  mixing  t4>gcther 
solutions  of  quinone  and  colorless  hydroquinone.  It  forms  slender  green 
crystals,  having  the  color  of  the  wing-case  of  the  rose-beetle,  and  of  the 
greatest  brilliancy  and  beauty.  It  is  fusible,  has  but  little  odor,  and  dis- 
solves freely  in  boiling  water,  crystallizing  out  on  cooling. 

If  quinic  acid  be  submitted  to  distillation  with  an  ordinary  chlorine-mix- 
ture, an  acid  liquid  and  a  crystalline  sublimate  are  formed.  The  former 
is  a  solution  of*  formic  acid,  and  the  Inttor  a  mixture  of  four  chlorinetieJ 
compounds,  which  are  cbloroquinone,  CgTTjClOj,  dichloroquinone,  CgFIjCy>„ 
trichloroquinoue,  CgIICl,()j,  ond  tetracUloroquinone,  C^Cl^O,.     They  are  all 

*  Chem.  Soc.  Qiur.  Joarool,  iv.  3G3b 
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yellow  orystalline  substances,  which  can  be  separated  only  with  great  diffi- 
culty. Like  quinone  itself,  they  possess  the  faculty  of  combining  with  1  or 
2  atoms  of  hydrogen,  producing  two  series  of  substances  analogous  to  green 
and  colorless  hydroquinone.  Tetrachloroquinone,  better  known  by  the 
name  ehloranil^  likewise  occurs  among  the  products  of  decomposition  of 
indigo. 

Other  products  are  obtained  by  the  action  of  sulphuretted  hydrogen  and 
strong  hydrochloric  acid  upon  quinone. 


HEXATOMIG  ACIDS. 


Three  acids  of  this  class  are  known ;  namely,  mannitic,  saccharic,  and 
mncie  acids,  all  of  which  appear  to  be  bibasic. 

Xaanitlo  Aold,  C^HuOp  is  produced  by  oxidation  of  mannite,  C^Hi^O^ 
under  the  influence  of  platinum  black.  It  is  a  gummy  mass,  soluble  in 
water  and  in  alcohol,  insoluble  in  ether.  According  to  its  constitution 
(p.  573)  it  might  be  expected  to  be  monobasic,  but  from  the  observations 
of  Oorup-Besanez,  who  discovered  it,*  it  appears  to  be  bibasic,  its  potas- 
sium-salt containing  C^Hi^KfOy,  and  the  calcium-salt,  CfHi^Ca^^Oj. 

Saeoharie  Acid,  CJO^^fi^  =  (^4^4)^!  [qq^^)  *  — 1*^^  acid  is  produced 

by  the  action  of  dilute  nitric  acid  on  cane-sugar,  glucose,  milk-sugar,  and 
mannite,  and  is  often  formed  in  the  preparation  of  oxalic  acid,  being,  from 
its  superior  solubility,  found  in  the  mother-liquor  from  which  the  oxalic 
acid  has  crystallised.  It  may  be  made  by  heating  together  1  part  of  sugar, 
2  parts  of  nitric  acid,  and  10  parts  of  water.  When  the  reaction  seems 
terminated,  the  acid  liquid  is  diluted,  neutralized  with  chalk,  and  the  fil- 
tered liquid  is  mixed  with  lead  acetate.  The  insoluble  lead  saccharate  is 
washed,  and  decomposed  by  sulphuretted  hydrogen.  The  acid  slowly  crys- 
tallises from  a  solution  of  syrupy  consistence  in  long  colorless  needles :  it 
has  a  sour  taste,  and  forms  soluble  salts  with  lime  and  baryta.  When 
mixed  with  silver  nitrate  it  gives  no  precipitate,  but,  on  the  addition  of 
ammonia,  a  white  insoluble  substance  separates,  which  is  reduced  by  gently 
warming  the  whole  to  metallic  silver,  the  vessel  being  lined  with  a  smooth 
and  brilliant  coating  of  the  metal.  Nitric  acid  converts  saccharic  into  oxalic 
acid. 

There  are  two  polasnum  saecharaiet,  containing  Of H^KO.  and  C^HgR^Og; 
the  nlver-talt  contains  C^Hg Ag.Og :  the  barium,  magnetium,  ztne^  and  cadmium 
salt*  have  the  composition  CgHAl^^O ;  and  there  are  two  ethylic  rthert,  contain- 
ing C^H^{C^U^)0^  and  ^«H9(C2Hg).Og.  In  these  compounds  saccharic  ncid 
appears  to  be  bibasic,  as  might  be  expected  from  its  mode  of  formation 
(p  573);  the  composition  of  the  lead-salts,  however,  seems  to  show  that  it 
is  sexbasic  as  well  as  hezatomic,  for  Heintz  has  obtained  a  lead-salt  con- 
taining CgH^Pb^^sOg;  but  the  composition  of  the  lead  saccharates  varies  con- 
siderably according  to  the  manner  in  which  they  are  prepared. 

Miieio  Acid,  CgHj^Og. — This  acid,  isomeric  with  saccharic  acid,  is  produced, 
together  with  a  small  quantity  of  oxalic  acid,  by  the  action  of  rather  dilute 
nitric  acid  on  sugar  and  gum.  It  may  be  easily  prepared  by  heating  to- 
gether in  a  flask  or  retort,  1  part  of  milk-sugar  or  gum,  4  parts  of  nitric 
acid,  and  1  part  of  water;  the  mucic  acid  is  afterwards  collected  upon  a  filter, 
w^tthed   and  dried.     It  has  a  slightly  sour  taste,  and  reddens  vegetable 

*  Ann.  Ch.  Pharm.  czviU.  257. 
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colors.  It  requires  for  solution  66  parts  of  boiling  water.  Oil  of  Titriol 
dissolves  it,  with  production  of  a  red  color.  Mucic  acid  is  deoomposed  by 
heat,  yielding,  among  other  products,  pyrowude  aad,  C^H^O^  which  is  Tola- 
tile,  soluble  in  water,  and  crystallizes  in  a  form  resembling  that  of  benxoie 
acid. 

Mucic  acid  is  bibasic,  yielding  for  the  most  part  neutral  salts  containing 
CgHgM^Og  and  CfH3M^<^0g;  with  the  alkali-nietnls  it  also  form!*  teid  »i1t«. 
such  as  C^H^KOg.  There  are  alno  mucic  ethers,  conlaining  one  and  two 
equiyalents  of  monad  alcohol-radical. 


SULPHO-ACID& 


This  name  is  applied  to  a  group  of  acids  formed  from  hydrocarbons,  al- 
coIioIh,  acids,  and  amides,  by  the  action  of  fuming  sulphuric  acid  or  sul- 
phuric oxide.  They  contain  the  elements  of  a  hydrocarbon,  an  alcohol,  cr 
an  acid,  combined  with  one  or  two  molecules  of  sulphuric  oxide,  and  may 
be  regarded  an  derived  from  hydrocarbons,  alcohols,  and  acids  by  subsiitu- 
tion  of  the  univalent  radical,  SO,H,  for  hydrogen ;  thus,  sulphacetic  acid, 
C2H.SO.,  has  the  composition : 

HC— -S— O— O— OH 
CjIl^O, .  SO5,  or  CH,(SO,H) .  CO-H,  or  *  I 

0  =  C— OH. 

The  sulphur  in  these  acids  is  in  immediate  combination  with  the  carbon; 
in  this  respect  they  differ  from  sulphuric  ethers  (p  609),  in  which  the 
sulphur  is  united  with  carbon  only  through  the  medium  of  oxygen. 

SuLPHACETio  Acid  is  produced  by  digesting  glacial  acetic  acid  with  sul- 
phuric oxide  at  00°-75°  C  (1-I0*'-1G7°  F.)  for  several  days.  The  aqueous 
solution  of  the  mass  saturated  with  barium  or  lead  carbonate  deposits  a 
crystalline  barium  or  lead-salt,  containing  respectively  CjII^Ba'^SOg  .  1}  Aq. 
and  C2H2Pb'^'^S0j.  From  these  salts  the  acid  may  be  obtained  by  means 
of  sulphuric  or  sulph-hydric  acid.  It  is  bibasic,  since  it  contains  two  equiv- 
alents of  hydroxyl  in  immediate  association  with  oxygen,  one  belonging 
to  tiie  group  CO,H,  the  other  to  the  group  SO3H. 

When  sulphacetic  acid  is  subjected  to  the  prolonged  action  of  fuming 
sulphuric  acid,  carbon  dioxide  is  evolved,  and  duufphometholic  or  mdhwnx 
acid,  CH^fSOj),,  or  CHj(SOgH)y  is  formed,  which  is  also  bibasic,  and  maybe 
derived  from  methane,  CH^,  by  substitution  of  2SO,H  for  H^  The  product 
diluted  with  water  and  saturated  with  barium  carbonate,  yields  a  beauii* 
fully  crystalliied,  and  rather  sparingly  soluble  barium-salt,  contaioing 
CHgSjOgBa'^ ;  from  this  salt  the  acid  may  be  separated  by  sulphuric  acid. 

Both  sulphacetic  and  disulphometholic  acids  may  be  produced  by  the 
action  of  fuming  sulphuric  acid  on  acetamide  or  on  acetonitrile,  the  former 
when  the  mixture  is  kept  cool,  the  latter  when  the  temperature  is  allowed 
to  rise,  carbon  dioxide  being  then  given  off;  thus: 

c,n,N   -f   on,  -f   2so^H,   =   so^hcnhj   -f   o,h,so, 

Acetonitrile.  Sulphuric  Acid  am-  Sulphacetic 

acid.  monium  acid, 

sulphate. 

c,Tr,N  -f   8SO4H,  =  so^n(Nn4)   -f   ch.s^o.  +  co, 

Acetonitrile.  Disulpho- 

metholic acid. 
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With  acetamide,  C-H^ONH^  which  differs  from  aceionitrile  only  bjr  the 
elements  of  ^irater,  the  two  reactions  are  exactly  similar. 

SuLPUoPROPiONic  Acid,  C2H^(S05H)  .  CO,H,  and  Disulpiietholic  Acid, 
^3^^«(^^s^)r  ^^^'  prepared  in  the  same  way  from  propionic  acid,  propiona- 
mide,  or  propionitrile. 

SuLPHOBSNZoic  AciD,  0^11^(80,11)  .  CO,H,  is  produced  by  the  action  of 
ralphuric  oxide  on  benzoic  acid  ;  also,  together  with  disulphobensolic  acid, 
CqH4(S0,H)«  by  that  of  fuming  sulphuric  acid  on  benzonitrile  or  phenyl 
cyanide.  C^H^N.  Both  are  bibasic.  Sulphobenzolic  acid,  C0H((SO,H),  is  pro- 
duced, together  with  sulphobenzide,  C|,H|oSO,.  by  the  action  of  sulphuric 
oxide  on  benzene.  On  mixing  the  resulting  Tiscid  liquid  with  a  large  quan- 
tity of  water,  the  sulphobenzide  is  precipitated  as  a  crystalline  powder, 
while  siilphobenzolic  acid  remains  in  solution,  and  may  be  obtained  in  the 
crystalline  form  by  converting  it  into  a  copper-salt,  decomposing  the  latter 
with  sulphuretted  hydrogen,  and  evaporating.  It  is  monobasic,  and  forms 
soluble  salts  with  the  alkali-metals,  barium,  iron,  copper,  and  silver.  By 
the  proloni^ed  action  of  fuming  sulphuric  acid,  it  is  converted  into  diaulpho^ 
hauolie  aeid,  C«H4(S0,H)r 

SULPBONAPHTHALIC  AciD.  C,qH^(SOsH),  and    DlSULPHONAPHTHALIC  AoiD, 

C,0Hf(8O,H^^  are  produced  by  melting  naphthalene  with  strong  sulphuric 
acid  or  sulphuric  oxide.  By  neutralizing  the  aqueous  solution  of  the  pro- 
duct with  barium  carbonate,  concentrating,  and  adding  alcohol,  the  disul- 
phonaphthalate  of  barium  is  precipitated,  while  the  sulphonaphthalate  re- 
mains dissolved.  By  using  a  large  excess  of  sulphuric  acid,  and  applying 
a  strong  heat,  nearly  the  whole  of  the  naphthalene  is  converted  into  dipul- 
phonaphthalic  acid.  Both  these  acids  are  crystalline,  and  form  soluble  and 
erystallisable  salts;  sulphonaphthalic  acid  is  monobasic;  disulphonaph- 
thalic  acid  bibasic. 

Ittthiomc  acidj  C^H^SO^,  efhtonte  acid,  C,H^,Oy,  and  ethionic  oxide,  or  anhy- 
dride, CjH^SfOf,  produced,  as  already  mentioned  (pp.  518,  527),  by  the  ac- 
tion of  ^ulphuric  oxide,  or  fuming  sulphuric  acid,  on  alcohol  and  ether, 
likewise  belong  to  this  class  of  bodies,  and  may  be  represented  by  the  fol- 
lowing formula,  which  show  that  isethionic  acid  is  monobasic,  ethionic  acid 
bibasic,  and  ethionic  oxide  neutral: 

H,CH  H,C— SO,H  H,C— S— 0—0 

0  0  6  0 

H,C— SOgH  H,C— SOjH  HjC— S— O— A 

Isethionic  acid.      Ethionic  acid.  Ethionic  oxide. 
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These  are  bodies  derived  from  alcohols  by  elimination  of  one  or  more 
molecules  of  hydrogen  (H,),  without  introduction  of  an  equivalent  quan- 
tity of  oxygen,  so  that  tney  hold  a  position  intermediate  between  the  alco- 
hols and  the  acids ;  thus : 

CH,  CHj  CH, 

CH.OH  COH  COOH 

Ethyl  Acetic  Acetic 

alcohoL  aldehyde.  aoid. 
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The  hydrogen  eliminftted  in  the  conyeraion  of  an  aleohol  into  an  acid  is 
that  which  is  in  immediate  connection  with  the  hydrozjl,  or  which  belongs 
to  the  group  Cii,OH;  consequently  a  monatomic  alcohol  can  yield  bat  one 
aldehyde ;  but  a  diatomic  alcohol  can  yield  two,  by  substitution  of  O  for 
Hy  aud  <»  0]  for  2H,;  a  triatomio  alcohol  three,  and  so  on.  At  present, 
howeyer,  we  are  acquainted  only  with  aldehydes  deriyed  from  monatomic 
and  diaiomio  alcohols. 


AldehydM  derived  from  Keaatoaie  Akehele, 

Of  these  aldehydes  four  series  are  known,  yis. : 

1.  Aldehyde*^  CaH^O,  eorruponding  to  the  Fatty  addi. 


Formic  aldehyde      .  .  CH,0 

Acetic  aldehyde .     .  .  C1H4O 

Propionic  aldehyde  .  CjH^O 

Butyric  aldehyde     .  .  C^H^O 

Valeric  aldehyde     .  .  Q^^^O 


Caproic  aldehyde  ^fltfi 

(Enanthylio  aldehyde  CfHj^O 

Caprylic  aldehyde    .  CgH,^ 

Euodio  aldehyde  .     .  CJAJ^. 


2.  AUUhydeSy  CbH^.,0,  eorrei^pofuKf^  to  the  Aaylie  addt. 
Acrylic  aldehyde,  or  Acrolein  .        .        CyH40. 

8.  Aldehydet,  Q^^^fi,  eorretpondmy  to  the  Aromatic 


Bensoic  aldehyde,  or  Bitter-almond  oil  •  CfH^O 

Toluic  aldehyde C^H.O 

Cumic  aldehyde ^yj^ifi 

Sycocerylic  aldehyde C^H^. 

4.  Aldehydet,  C«H,b.,oO. 
Cinnamic  aldehyde Cfifi, 

All  these  aldehydes  contain  two  atoms  of  hydrogen  less  than  the  eorre- 
spending  alcohols,  and  one  atom  of  oxygen  less  than  the  corresponding 
acids. 

They  are  produced  :  — 1.  By  oxidation  of  alcohols,  either  by  the  aetioD 
of  atmospheric  oxygen,  or  by  that  of  a  mixture  of  dilute  sulphuric  acid  and 
potassium  bichromate  or  manganese  dioxide,  or  by  the  action  of  chlorine 
on  the  alcohol  diluted  with  water,  the  chlorine  in  this  case  decompoong 
the  water,  and  thus  acting  as  an  oxidizing  agent. 

2.  By  distilling  an  intimate  mixture  of  the  potasmum-salt  of  the  corre- 
sponding acid  with  potassium  formate ;  t.  y.: 

COCH,(OK)      +    COH(OK)     »    CO(OK),    +    CH,.COH 
Potassium  Potassium  Potassium  Acetic 

acetate.  formate.  carbonate.  aldehyde. 

COC,H,(OK)    +    COH(OK)    =    CO(OK),    +    C|H,.COH 
Potassium  bensoic 

benxoate.  aldehyde. 

8.  By  the  action  of  nascent  hydrogen  (erolyed  by  the  action  of  dry  hy- 
drochloric acid  gas  on  sodium  amalgam)  on  the  cyanides  of  acid  radioJs: 

C^HjOCN        +        H,        «i        CNH        +        C^H^O 
Bensoyl  Hydrocyanic  Bensoic 

cyanide.  aoid.  aldehyde. 
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Pnpertka.  —  The  following  properties  are  oommon  to  all  the  monatomic 
aldehjrdes: 

1 .  They  easily  take  up  oxygenj  and  are  converted  into  the  corresponding 
acids. 

2.  When  fused  with  potash,  they  are  converted  into  the  corresponding 
acidsy  with  evolution  of  hydrogen :  e,  g. : 

C^Hfi        +        KOH        =        CyH^KO,        +        H^ 
Bensoic  Potassium 

aldehyde.  beuzoate. 

8.  Nateent  hydrogen,  evolved  by  the  action  of  water  on  sodium  amalgam, 
converts  them  into  the  corresponding  alcohols;  e.  g.,  C,H40  -{-  H,  =  C,H^O 
If,  however,  the  aldehyde  belongs  to  a  non-saturated  series,  the  action 
goes  further,  an  additional  quantity  of  hydrogen  being  then  taken  up, 
whereby  the  alcohol  first  formed  is  converted  into  a  saturated  alcohol  be- 
longing to  another  series ;  thus : 

CjH.O    +    H,    =:    C,H,0;  and  C.HjO    +    H,    =    CjHgO 
Acrylic  Allyl  Allyl  Propyl 

aldehyde.  alcohol.         alcohoL  alcohol. 

Nascent  hydrogen  evolved  by  the  action  of  zinc  on  sulphuric  acid  does  not 
appear  to  unite  with  aldehydes. 

4.  Phosphorus  pentachloride  converts  aldehydes  into  chloraldehydes,  com- 
pounds derived  from  aldehydes  by  substitution  of  CI,  for  0;  thus: 

CH,  CH, 

I  +  PCI.        =        PC1,0        +  I 

COH  CHCL 

Aldehyde.  Chloraldehyde. 

The  compounds  thus  produced  are  isomeric  with  the  chlorides  of  the  de- 
fines; e,  g.,  acetic  chloraldehyde,  CH^.CUCl,,  or  ethidene  chloride,  with 
ethene  chloride,  CgH^ .  CI,  (p.  484). 

6.   Chlorine  and  bromine  convert  aldehydes  into  chlorides  of  acid  radicals : 

CjH^O        -I-       CI,       =       HCl       +       C,H,0.C1 
Aldehyde.  Acetyl  chloride. 

CjH^O       +      2C1,      =      2Ha      +    C,H,C10.C1 
Aldehyde.  Chloracetyl 

chloride. 

6.  The  alkaH-metals  dissolve  in  aldehydes,  eliminating  an  equivalent 
quantity  of  hydrogen : 

2C^nfi       +      K,        =        H,         +        2C,H,K0 
Aldehyde.  Potassium 

aldehyde. 

7.  Aldehydes  treated  with  hgdrocganie  acid^  hgdrocMorie  acid,  and  water,  are 
converted  into  an  ammonium-salt,  or  an  amidated  acid,  containing  an  ad- 
ditional atom  of  carbon,  the  former  reaction  taking  place  chiefly  in  th<i 
aromatic  series,  the  latter  in  the  fatty  series: 

C,H^O      +      CNH      +      OH,      =      CjH^NO, 
Acetic  Amidopropionio 

aldehyde.  acid  (alanine). 

C^HgO  +      CNH      -t-     20H,     =      C8HT(NH4)Og 
Benzoic  Ammonium 

aldehyde.  formobenzoate. 
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8.  Aldehydes  unite  with  aniline^  water  beint?  eliminated,  and  form  bases 
derived  from  a  double  molecule  of  aniline,  (C^H^N),,  by  substitation  of  t«ro 
equiviileuts  of  a  diatomic  radical  for  four  atoms  of  hydrogen ;  e.  ff,: 

(C,H,0),  +      2G,H,N     =     20H,     +      C„H„(C,H«)"J!l, 
Ace  lie  Aniline.  Dietbidene- 

aldehyde.  dianiline. 

9.  All  aldehydes  unite  directly  with  the  add  8ulphite$  of  the  aUcalimeiali, 
forming  crystalline  compounds,  by  which  they  may  be  readily  separated 
from  other  bodies  with  which  they  may  be  mixed.  This  reaction  aifiTvl^ 
a  ready  means  of  purifying  aldehydes,  and  likewise  of  detecting  their 
presence. 

10.  Aldehydes  also  unite  with  acetic  oxide,  forming  suck  compounds  ss 
C2H40^'^(C,H,0},,  and  probably  with  the  oxides  corresponding  to  other 
monobasic  acids. 


Aldehydes  belonging  to  the  Seriee  CbHibO. 

Formio  Aldehyde,  CUfi  or  H  .  COH,  also  called  Methylie  a/deAydSe.— This 
compound,  recently  discovered  by  Hofmann,"*^  is  produced  when  a  cnrrent 
of  air  charged  with  vapor  of  methyl  alcohol  is  directed  upon  an  incandes- 
cent  spiral  of  platinum  wire ;  and  by  suitable  condensing  arrangeraenis.  a 
liquid  may  be  obtained  consisting  of  a  solution  of  the  aldehyde  in  methyl 
alcohol.  This  liquid,  rendered  slightly  alkaline  by  ammonia,  and  gently 
warmed  with  silver  nitrate,  yields  a  beautiful  specular  deposit  of  silver, 
with  greater  ease  even  than  ordinary  acetic  aldehyde.  Thesajne  solution, 
heated  with  a  few  drops  of  caustic  potash,  deposits  drops  of  a  browoish 
oil,  having  the  odor  of  the  resin  of  acetic  aldehyde. 

Formic  aldehyde  has  not  yet  been  obtained  in  the  pure  state ;  but  bj 
treating  its  solution  with  hydrogen  sulphide,  and  heating  the  resulting 
liquid  with  strong  hydrochloric  acid,  it  solidifies,  on  cooling,  to  a  dazxlio];; 
white  mass  of  felted  needles,  consisting  of  the  corresponding  sulphur-com- 
pound, CH|S. 

Acetic  Aldehyde,  C^H^O  =  CH, .  COH  =  CH3O .  H,  generally  designated 
by  the  simple  name  aldehi/dc-f  —  This  substance  is  formed,  among  other 
products,  when  the  vapor  of  ether  or  alcohol  is  transmitted  through  a  red- 
hot  tube ;  also,  by  the  action  of  chlorine  on  weak  alcohol,  and  by  the  other 
general  reactions  above  mentioned.  It  is  best  prepared  by  the  following 
process:  6  parts  of  oil  of  vitriol  are  mixed  with  4  parts  of  rectified  spirit 
of  wine,  and  4  parts  of  water;  this  mixture  is  poured  upon  6  parts  of  pon- 
dered manganese  dioxide  contained  in  a  capacious  retort,  in  connection 
with  a  condenser  cooled  by  ice-cold  water;  gentle  heat  is  applied,  and  the 
process  is  interrupted  when  6  parts  of  liquid  have  passed  over.  The  dis- 
tilled product  is  put  into  a  small  retort,  with  its  own  weight  of  calciom 
chloride,  and  redistilled ;  and  this  operation  is  repeated.  The  aldehyde, 
still  retaining  alcohol  and  other  impurities,  is  mixed  with  twice  its  volume 
of  ether,  and  saturated  with  dry  ammoniaoal  gas;  a  crystalline  compound 
of  aldehyde  and  ammonia  then  separates,  which  may  be  washed  with  a 
little  ether,  and  dried  in  the  air.  From  this  substance  the  aldehyde  maj 
be  separated  by  distillation  in  a  water-bath,  with  sulphuric  acid  diluted 
with  an  equal  quantity  of  water;  by  careful  rectification  from  calcium 
chloride,  at  a  temperature  not  exceeding  30-6'*  C.  (87°  F.},  it  is  obtained 
pure  and  anhydrous. 

•  ProcwHlings  of  the  Royal  Society,  xvi.  166.  f  Alcohol  dehydivgeiwtin. 
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Aldehyile  is  a  limpid,  colorleBS  liquid,  of  characteristic  ethereal  odor, 
which,  wlien  strong,  is  exceedingly  suffocating.  It  has  a  density  of  0*790, 
boils  at  22^  C.  (72°  F.),  and  mixes  in  all  proportions  with  water,  alcohol, 
and  ether:  it  is  neutral  to  test-paper,  but  acquires  acidity  on  exposure  to 
air,  from  the  production  of  acetic  acid:  under  the  influence  of  platinum- 
black  this  change  is  very  speedy.  When  a  solution  of  this  compound  is 
heated  with  caustic  potash,  a  remarkable  brown  resin-like  substance  is 
produced,  the  so-called  aldekyde-rewn.  Gently  heated  with  silver  oxide,  it 
reduces  the  latter  without  evolution  of  gas,  the  metal  being  deposited  on 
the  inner  surface  of  the  vessel  as  a  brilliant  and  uniform  film;  the  liquid 
contains  silver  acetate. 

Aldehyde  can  be  reconverted  into  alcohol  by  treating  its  aqueous  solu- 
tion with  sodium  amalgam,  the  liquid  being  kept  slightly  acid  by  repeated 
additions  of  hydrochloric  acid. 

When  treated  with  hydrocyanic  acid,  aldehyde  yields  alanine  (p.  616). 

An  aqueous  solution  of  aldehyde,  treated  with  hydrogen  sulphide,  yields 
an  oily  compound,  (CjH^O)^ .  SH,,  which  is  resolved  by  acids  into  hydrogen 
sulphide  and  tulphaldehyde,  GJAfi  :  the  latter  crystallizes  in  needles  having 
an  alliaceous  odor. 

Other  reactions  of  aldehyde  have  been  already  mentioned. 

Aldehyde-ammonia  or  Ammonium  aldehydate^  CjH^O  .  NH,  or  C2H3(NH4)0, 
the  formation  of  which  has  been  already  mentioned,  forms  transparent, 
colorless  crystals,  of  great  beauty :  it  has  a  mixed  odor  of  ammonia  and 
turpentine ;  it  dis!«olves  yerj  easily  in  water,  with  less  facility  in  alcohol, 
and  with  difficulty  in  ether;  melts  at  about  76°  C.  (168°  F.).  and  distils 
unchanged  at  100°.  Acids  decompose  it,  with  production  of  an  ammoniacal 
salt  and  separation  of  aldehyde.  Hydrogen  sulphide  converts  it  into  a  basic 
compound,  C^HuNS,,  called  Ihialdine,  Sulphurous  oxide  gas  is  rapidly  ab- 
sorbed by  a  solution  of  aldehyde-ammonia,  forming  the  crystalline  com- 
pound C2H3(NH4)S02,  isomeric  with  taurin  (p.  527).  Aldehyde  also  com- 
bines with  aeetie  oxide,  forming  the  compound  CyH40(C2H,0),0 ;  also  with 
ethyl  oxide,  as  will  presently  be  further  noticed. 

Polymeric  Modijicaiionn  of  Aldehyde, — When  pure  aldehyde  is  long  pre- 
served in  a  closely-stopped  vessel,  it  is  sometimes  found  to  undergo  spon- 
taneous change  into  one,  and  even  two  isomeric  modifications,  differing 
completely  in  properties  from  the  original  compound.  In  a  specimen  kept 
some  weeks  at  0°,  transparent  acicular  crystals  were  observed  to  form  in 
considerable  quantity,  which,  at  a  temperature  little  exceeding  that  of»the 
1  reeling  point  of  water,  melted  to  a  colorless  liquid,  miscible  with  water, 
alcohol,  and  ether ;  a  few  crystals  remained,  which  sublimed  without 
fusion,  and  were  probably  composed  of  the  second  substance.  This  new 
body,  called  elaldehyde^  is  identical  in  composition  with  aldehyde,  but  dif- 
fers in  properties  and  in  the  density  of  its  vapor;  the  latter  has  a  sp  gr. 
of  4-515.  while  that  of  aldehyde  is  only  1  532,  or  one-third  of  that  number. 
It  refuses  to  combine  with  ammonia,  is  not  rendered  brown  by  potash,  and 
is  but  little  affected  by  solution  of  silver. 

The  second  modification,  or  metaldehyde^  is  sometimes  produced  in  pure 
aldehyde  kept  at  the  common  temperature  of  the  air,  even  in  hermetically 
sealed  tubes;  the  conditions  of  ita  formation  are  unknown.  It  forms 
colorless,  transparent,  prismatic  crystals,  which  sublime  without  fusion  at 
a  temperature  above  100°,  and  are  soluble  in  alcohol  and  ether,  but  not  in 
water.  They  also  were  found,  by  analysis,  to  have  the  same  composition 
as  aldehyde. 

AcBTAL. — When  gaseous  hydrochloric  acid  is  passed  into  a  solution  of 
aldehyde  in  absolute  alcohol,  a  compound  of  aldehyde  and  ethyl  chloride, 
C^fO.C^U^Cl,  is   produced,   and    this  compound,   treated  with   sodium 
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ethylate,  forms  a  compound  of  aldehyde  with  ethyl  oxide,  called  aceUl: 

C.H^O.CjHjCl     +      C.HgONa    =    Naa    +    CJRfi.{CJE[^)fi 
btbylchloride  Sodium  iicetaL 

of  aldehyde.  ethylate. 

This  compound,  which  is  isomeric  with  diethylic  ethennie,  (C,HJ"  (OC,Hjj, 
(p.  557),  is  likewise  found  among  the  products  of  the  slow  oxidation  of  al- 
cohol under  the  influence  of  pint inum- black. 

To  prepare  it  in  this  way,  spirit  of  wine  is  poured  into  a  large,  tall, 
glasii  jur,  to  the  depth  of  about  an  inch,  and  a  shallow  capsule,  contaioiDj: 
slightly  moistened  platinum-black,  is  arranged  above  the  surface  of  the 
liquid ;  the  jar  is  loosely  covered  by  a  glass  plate,  and  left  during  two  or 
three  weeks  in  a  warm  situation.  At  the  expiration  of  that  time  the  liqaid 
is  found  highly  acid:  it  is  to  be  neutralised  with  potassium  carbonate,  as 
much  calciuui  chloride  added  as  the  liquid  will  dissolve,  and  the  wiiole  sub- 
jected to  distillation,  the  first  fourth  only  being  collected.  Fused  calcium 
chloride  added  to  the  distilled  product  now  throws  up  a  light  oily  liquid, 
which  is  a  mixture  of  acetal  with  alcohol,  aldehyde,  and  acetic  ether.  By 
fresh  treatment  with  calcium  chloride,  and  long  exposure  to  gentle  heat  io 
a  retort,  the  -aldehyde  is  expelled.  The  acetic  ether  is  destroyed  by  caus- 
tic potash,  and  the  alcohol  removed  by  washing  with  water,  after  which 
the  acetal  is  again  digested  with  fused  calcium  chloride  and  redistilled. 

Pure  acetal  is  a  thin,  colorless  liquid,  of  agreeable  ethereal  odor,  of  sp. 
gr  0-821  at  222?  C  {12?  F  ),  and  boiling  at  140«  C.  (284«  F.).  It  is  sol- 
uble in  18  parts  of  water,  and  miscible  in  all  proportions  with  alcohol  and 
ether.  It  is  unchanged  in  the  air;  but,  finder  the  influence  of  platinum- 
black,  becomes  converted  into  aldehyde,  and  eventually  into  acetic  acid. 
Nitric  and  chromic  acids  produce  a  similar  effect  Strong  boiling  solatioii 
of  potash  has  no  action  on  this  substance. 

Chlokal,  CjHCljO^ — This  compound,  already  mentioned  as  being 
formed  by  the  prolonged  action  of  chlorine  on  absolute  alcohol  (p.  517], 
may  be  regarded  as  trichlofinated  aldehyde.  To  prepare  it,  the  current 
of  chlorine  must  be  kept  up  as  long  as  hydrochloric  acid  gas  continues  to 
escape,  and  the  product  agitated  with  three  times  its  volume  of  concen- 
trated sulphuric  acid.  On  gently  warming  this  mixture  in  a  water-bath, 
the  impure  chloral  separates  as  an  oily  liquid,  which  floats  on  the  surface 
of  the  acid ;  it  is  purified  by  distillation  from  fresh  oil  of  vitriol,  and  after- 
ward from  a  smnll  quantity  of  quicklime,  which  must  be  kept  completely 
covered  by  the  liquid  until  the  end  of -the  operation.  Chloral  has  also  been 
obtained  from  starch,  by  distillation  with  hydrochloric  acid  and  manga- 
nese dioxide. 

Chloral  is  a  thin,  oily,  colorless  liquid,  of  peculiar  and  penetrating  odor, 
which  excites  tears:  it  has  but  little  taste.  When  dropped  upon  paper  it 
leaves  a  greasy  stain,  which  is  not,  however,  permanent.  It  has  a  density 
of  1  502,  and  boils  at  94°  C.  (201°  F.).  Chloral  is  freely  soluble  in  water, 
alcohol,  and  ether  ;  it  forms,  with  a  small  quantity  of  water,  a  solid,  crys- 
talline hydrate;  the  solution  is  not  affected  by  silver  nitrate.  Caustic 
baryta  and  lime  decompose  the  vapor  of  chloral  when  heated  in  it,  with 
appearance  of  ignition ;  the  oxide  is  converted  into  chloride,  carbon  is  de- 
posited, and  carbon  monoxide  set  free.  Solutions  of  caustic  alkalies  also 
decompose  it,  with  production  of  a  formate  and  chloroform. 

When  chloral  is  preserved  for  any  length  of  time,  even  in  a  vessel  her- 
metically sealed,  it  undergoes  a  very  remarkable  change  —  being  converted 
into  a  solid,  white,  translucent  substance,  insolubU  chloral^  possessing  the 
same  composition  as  the  liquid  itself.  This  solid  product  is  but  Tery 
slightly  soluble  in  water,  alcohol,  or  ether ;  when  exposed  to  heat,  alone. 
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or  in  contact  with  oil  of  Titriol,  it  is  reconverted  into  ordinary  chloral. 
Solution  of  caustic  potash  resolves  it  into  formic  acid  aud  cliloroform. 

Bromine  acts  up<>n  alcohol  in  the  same  mtinner  as  chlorine,  and  gives 
rise  to  a  product  very  similar  in  properties  to  the  foregoing,  called  bromal, 
which  contains  C^HBrjO.  It  forms  a  crystallizable  hydrate  with  water, 
and  is  decomposed  by  strong  alkaline  solutions  into  formic  acid  and  bromo- 
form. 

The  other  aldehydes  of  the  series  CbHxbO  resemble  acetic  aldehyde  in 
most  of  their  reactions,  especially  in  forming  crystalline  compounds  with 
ammonia:  this  character  distinguishes  the  fatty  from  the  aromatic  alde- 
hydes, which  react  with  ammonia  in  a  different  way.  Another  character- 
istic reaction  of  the  fatty  aldehydes  is  their  conversion  into  amidated  acids 
by  the  action  of  hydrocyanic  acid  (p.  685) ;  in  this  manner  amido-propi- 
onio  acid,  or  alanine,  C^HyNO,,  is  formed  from  acetic  alde^yyde;  amido- 
caproic  acid,  or  leucine,  C^HijNOj.  from  valeral,  CjHjqO,,.  &c.  The  fatty 
aldehydes  are  all  converted  into  resinous  compounds  by  the  action  of  caus- 
tic potash. 

All  the  known  aldehydes  of  the  fatty  series  are  liquid  at  ordinary  tem- 
peratures, and  become  more  oily  as  their  molecular  weights  increase. 
Their  boiling  points  are  given  in  the  following  table : 

Boiling  point. 
(Enanthylic  aldehyde  162°  C.  305«>  F. 
Caprylio  "  178«"    362°" 

Euodic  "         213°"   329°" 


Boiling  point. 
Acetic  aldehyde       .  22°  C.       72°  F. 


Propionic"  55°-r).5°C.  131°-149°" 
Butyric  "  68°-75°  "  154°-167°  " 
Valeric      "  93°"  199°" 


Euodic  aldehyde  is  the  essential  constituent  of  oil  of  rue.  It  differs  from 
the  other  compounds  of  the  series  by  not  reacting  in  the  manner  above 
mentioned  with  aniline. 


Aldehyde  belonging  to  the  Series  OnH^_,0. 

C(CH,)^'H 
Aorylio  Aldehyde,  or  Aorolein,  C.H.O  =;  I  .  — This  compound  is 

COH 
formed  :-^l.  By  the  oxidation  of  allyl  alcohol,  C,H^O. — 2.  By  the  action 
of  heat  on  the  product  of  the  union  of  acetone  with  bromine : 


C(CH.)Br« 
CO(CH,),    -f     Br»    =    I  =      2HBr 

CHjOH 
Acetone. 


+ 


C(CH,)''H 

COH 
Acrolein. 


3.  By  the  dehydration  of  glycerin,  when  that  substance  is  heated  with 
phosphoric  oxide,  strong  sulphuric  acid,  or  acid  potassium  sulphate  : 

CjHgO,  —  20n,  =  CjH^O. 

It  is  always  produced  in  the  destructive  distillation  of  neutral  fats  con- 
taining glycerin,  and  is  the  cause  of  the  intolerably  pungent  odor  attending 
that  process. 

Pure  acrolein  is  a  thin,  colorless,  highly  volatile  liquid,  lighter  than 
water,  and  boiling  at  52  2°  C  (126°  F  ).  Its  vapor  is  irritating  beyond 
description.     It  is  sparingly  soluble  in  water,  freely  in  alcohol  and  ether. 

Acrolein,  by  keeping,  undergoes  partial  decomposition,  yielding  a  white, 
flocoulent,  indifferent  body,  disarryl ;  the  same  substance  is  sometimes  pro- 
duced, together  with  acrylic  acid,  by  exposure  to  the  air.  In  contact  with 
68* 
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alkalies,  acrolein  sufTers  yiolent  decomposition,  producing,  like  aldebjde, 
a  resinous  body.  When  exposed  for  some  time  in  the  air,  or  when  mixed 
with  silver  oxide,  it  oxidixes  with  avidity,  and  passes  into  acrytie  acid. 


Aromatio  Aldehydes,  OnHyi.^0. 

Bensoio  Aldehyde,  or  Bitter-almond  Oil,  C^HgO  =s  CfH^.  COH  =  CjBfi .  H. 
This  compound  is  produced  —  1.  By  the  oxidation  of  amygdalin  with  nitric 
acid.  —  2.  By  digesting  bitter  almonds  with  water  for  five  or  six  hours  at 
80^-40^  C.  (8<><'-104^  F).  The  synaptase  present  then  acts  as  a  fermeot 
on  the  amygdalin,  converting  it  into  glucose,  benxoic  aldehyde,  and  hydro- 
cyanic acid  ^see  page  579).  Benxoic  aldehyde  is  prepared  by  this  procesis 
in  large  quantities,  chiefly  for  use  in  perfumery.  It  does  not  pre-exii't  in 
the  almonds,  for  the  fat  oil  obtained  from  them  by  pressure  is  absolntely 
free  from  it.  The  crude  oil  has  a  yellow  color,  and  contains  a  very  con- 
siderable quantity  of  hydrocyanic  acid:  to  free  it  from  this -impurity,  it  is 
agitated  with  dilute  solution  of  ferrous  chloride  mixed  with  slaked  lime  in 
excess,  and  the  whole  is  subjected  to  distillation ;  water  passes  over,  ac- 
companied by  the  purified  essential  oil,  which  is  to  be  left  for  a  short  time 
in  contact  with  a  few  fragments  of  fused  calcium  chloride  to  free  it  from 
water. 

8.  Benxoic  aldehyde  is  formed,  together  with  many  other  prodnets,  by 
the  action  of  a  mixture  of  manganese  dioxide  and  sulphuric  acid  <m  albu- 
min, fibrin,  casein,  and  gelatin.     -*<^ 

4.  By  the  action  of  nascent  hydrogen  on  chloride  or  cyanide  of  benzoyl : 

C,H40C1        +        H,        =        HCl        -f        C^H.O. 

Pure  benzoic  aldehyde  is  a  thin,  colorless  liquid,  of  great  refraetive 
power,  and  peculiar,  very  agreeable  odor:  its  density  is  1-013,  and  its  boil- 
ing point  180°  C.  (850°  F.):  it  is  soluble  in  about  80  parts  of  water,  and 
miscible  in  all  proportions  with  alcohol  and  ether.  Exposed  to  the  air,  it 
greedily  absorbs  oxygen,  and  is  converted  into  a  mass  of  crystallised  ben- 
zoic acid.  Heated  with  solid  potatmum  hydrate,  it  gives  off  hydrogen,  and 
yields  potassium  bcnzoate.  With  the  alkaline  bUndphitn  it  forms  beautiful 
crystalline  compounds.  The  vapor  of  the  oil  is  inflammable,  and  boms 
with  a  bright  flame  and  much  smoke.  It  is  very  doubtful  whether  pure 
bitter-almond  oil  is  poisonous;  but  the  crude  product,  sometimes  used  for 
imparting  an  agreeable  flavor  to  confectionery,  is  very  dangerous. 

Benzoic  aldehyde,  treated  with  totKum  amalgam^  is  convened  into  benzyl 
alcohol,  C.HgO.  Yf Oh  photphorus  pentachloride,  it  yields  benxylene  chlonde, 
C\H,C1, : 

C.Ufi         +        PCI5        =        PC1,0        -h         C,H.Clr 

Ammoniti  converts  it  into  hydrobenzamide,  a  white  crystalline  neutral  body, 
which,  when  boiled  with  aqueous  potash,  is  converted  into  an  isomeric 
basic  compound,  called  amarine: 

3C,HeO      -f      2NH,      =       (C,H,)'%N,      +       SOH^ 
Benzoic  Hydroben- 

aldehyde.  zamido. 

All  the  aromatic  aldehydes  act  with  ammonia  in  a  similar  manner,  and  are 
thereby  distinguished  from  the  aldehydes  of  the  fatty  series. 

Tolnic  Aldehyde,  CgHgO,  is  produced  by  distilling  a  mixture  of  the  cal- 
cium-salts of  toluic  and  formic  acids.     The  oily  distillate  agitated  with  acid 
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sodium  Balphite,  forms  a. crystalline  compound,  which,  when  distilled  with 
sodium  carbonate,  yields  the  aldehyde,  as  an  oil  having  a  peppery  odor, 
and  boiling  at  204°  G.  (899°  F.).  On  exposure  to  the  air,  it  is  gradually 
conyerted  into  toluic  acid,  CgUgO^  IVith  alcoholic  potash  it  forms  potassium 
toluate  and  xylyl  alcohoL 

2C,H30    +    KOH    =    CgH^KO,    -}-    C^n,fi. 

Camio  Aldehyde,  CiqH^O,  exists  together  with  cymene,  CigH^,  in  the 
essential  oil  of  cumin,  and  in  that  of  water  hemlock  (Cieula  virosa),  and 
may  be  obtained  by  agitating  either  of  these  oils  witn  acid  sodium  sul- 
phite, which  takes  up  the  cumio  aldehyde,  but  not  the  cymene,  and  forms 
a  crystalline  compound,  from  which  the  aldehyde  may  be  separated  by  dis- 
tillation with  potash.  Cumic  aldehyde  is  a  colorless  or  slightly  yellow 
liquid,  having  a  powerful  odor,  and  is  easily  oxidized  in  the  air,  so  that  it 
must  be  distilled  in  a  current  of  carbonic  acid  gas.  It  is  converted  into 
cumie  acid,  Cj^Hi-O^  by  oxidation,  and  by  alcoholic  potash  into  potassium 
cumate  and  cymyl  alcohol,  C,0Hj4O. 

Syeseorylic  Aldehyde,  C,.H„0,  appears  to  be  produced  in  thin  prisms  by 
oxidizing  sycoceryl  alcohol  with  aqueous  chromic  acid. 

Ciniiamio  Aldehyde,  C^HgO. — This  compound,  which  is  the  only  known 
member  of  the  series  of  aldehydes  CnHsn^ioO,  constitutes  the  essential 
part  of  the  volatile  oils  of  cinnamon  and  cassia,  which  are  obtained  from 
the  bark  of  di£ferent  trees  of  the  genus  Cinnamonumf  order  Lauracem  — 
viz.,  oil  of  cinnamon,  from  Ceylon  cinnamon,  and  oil  of  cassia,  from  Chi- 
nese cinnamon.  The  aldehyde  may  be  separated  from  these  oils  by  means 
of  acid  potassium  sulphite.  It  is  a  colorless  oil,  rather  heavier  than  water; 
may  be  distilled  without  alteration  in  a  vacuum,  or  with  de-aerated  water : 
but  absorbs  oxygen  quickly  on  exposure  to  the  air,  and  passes  into  cin- 
namic  acid.  'When  fused  with  potash,  it  forms  potassium  cinnamate,  and 
gives  off  hydrogen : 

CjH^O        +        KOH        =        C,H,KO,        -f        H^ 

Ammonia  gas  converts  it  into  hydrocinnamide  : 

8C,H,0        +        2NH3       =r        (C,H3)//,N,    +        80H,. 

No  aldehydes  are  known  belonging  to  the  series  intermediate  between 
C.Hj»_,0,  and  CBHto_«0. 

There  is  indeed  a  well-known  substance— viz.,  common  camphor,  or 
laurel  camphor,  having  the  composition  C,^Hi,0,  which  is  that  of  the  alde- 
hyde of  camphol,  Cjo^i?^  (P-  ^^6) ;  but  its  properties  are  not  those  of  an 
aldehyde,  inasmuch  as  it  does  not  unite  with  alkaline  bisulphites  or  with 
aniline,  and  when  fused  with  potash,  does  not  give  off  hydrogen  and  form 
the  potassium-salt  of  the  corresponding  acid,  but  unites  directly  with  the 
alkali,  forming  potassium  campholate,  CjoH„KO,.  It  may,  however,  be 
conveniently  described  in  this  place. 

Camphor  is  obtained  by  distilling  with  water  the  wood  of  the  cnmphor- 
tree  {Laurut  Camphora).  When  pure  it  forms  a  solid,  white,  crystalline 
and  translucent  mass,  tough,  and  diflBcult  to  powder,  and  having  a  power- 
ful and  well-known  odor.  It  melts  when  gently  heated,  and  boils,  distil- 
ling unchanged  at  a  high  temperature.  It  sublimes  slowly  at  the  tempera- 
ture of  the  air,  and  often  forms  beautiful  crystals  on  the  sides  of  bottles 
or  jars  containing  it  exposed  to  the  light.  Camphor  is  very  sparingly 
soluble  in  water,  but  readily  soluble  in  alcohol,  ether,  and  strong  acetic 
acid.  Small  pieces  of  it  thrown  upon  water  revolve  and  move  about  on 
the  surface,  with  more  or  less  velocity  in  proportion  to  their  snuillness. 

By  the  action  of  nitric  acid  aided  by  heat,  camphor  is  gradually  oxi- 
dized and  dissolved,  with  production  of  camphoric  acid,  ^xo^^ifi^  (P-  664). 
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CommoD  camphor  exerts  a  dextro-rotatory  action  on  polarised  ligbi  [«]  = 
-j-  47-4®;  but  by  distilling  the  esseotial  oil  of  feverfew  {Pyrethrum  partk^ 
nium)^  and  collecting  apart  the  portion  which  passes  over  between  'JXj^f 
and  220®  C.  (392<'-428°  F.),  an  oil  is  obtained,  which,  on  cooling,  deposits 
a  crystalline  substance  resembling  common  camphor  in  every  r^pect. 
except  that  its  action  on  polarised  light  is  exactly  equal  and  opposite:  [»] 
=  —  47*4®.  The  essential  oils  of  many  labiate  plants,  as  rosemary,  mar- 
joram, lavender,  and  sage,  often  deposit  a  substance  having  the  composi- 
tion and  all  the  properties  of  common  camphor,  excepting  that  it  is  inao 
tive  to  polarised  light. 


AldehydM  derived  from  Diatomie  Alcoholi. 

Diatomic  alcohols  can  yield  by  oxidation  two  classes  of  aldehydes,  ac* 
oordingly  as  the  substitution  of  O  for  H,  takes  place  once  or  twice:  the 
products  thus  formed  may  be  distinguished  as  firtt  and  second  aldthv-Ps. 
Propene  glycol,  C^HgO,,  for  example,  might  yield  the  two  aldehydes, 
CjH^O,  and  C,U^Of  Only  a  few  of  these  compounds  have,  however,  been 
obtained. 

Of  aldehydes  derived  Arom  the  glycols,  CnHsB-t-s*  only  one  is  Imown, 
namely  glyoxal^  C,H,Oy  which  is  the  second  aldehyde  of  ordinary  gljeol, 
CjHjOy  This  compound  is  obtnined,  together  with  glyoxylic  acid  ar.d 
other  products,  by  the  action  of  nitric  acid  upon  alcohol.  It  may  be  sepa- 
rated by  addition  of  a  strong  solution  of  acid  sodium  sulphite,  with  wb.ch 
it  forms  a  cryKtalline  compound  :  this  compound,  treated  with  barium  chlo 
ride,  yields  the  corresponding  barium  compound ;  and  from  this  the  gly- 
oxal  may  be  separated  by  dilute  sulphuric  acid.  On  evaporating  the 
liquid,  it  is  obtained  as  a  transparent,  amorphous,  deliquescent  mass,  verj 
soluble  in  water,  alcohol,  and  ether.  With  an  ammoniacal  solution  of  ni- 
ver  nitrate^  it  forms  a  beautiful  silver  speculum.  By  a  small  quantity  of 
nitric  acid  it  is  converted  into  glyoxylic  acid,  C,H404 ;  by  a  larger  quantity, 
into  oxalic  acid,  CjH^O^.  Fixed  caustic  alkalies  and  alkaline  earths  convert  it 
into  a  salt  of  glycoUic  acid;  e  ^.,  CjHjOj-f  KOHz^CjHjKOy  A  syrupy  «>- 
lution  of  glyoxal,  heated  with  a  strong  aqueous  solution  of  eummonia,  yields 
two  bases,  glyoxaline  and  glycotine,  according  to  the  equations : 

2C,H,0,    -f     2NH,     =     CjH^N,       +     CH,0,     -f      20H, 
Glyoxal.  Glyoxaline.        Formic  acid. 

8C,H,0,     +     4NH,    »        C.H^N^    +    60H, 
Glyoxal.  Glycosine. 

Both  these  bases  are  crystalline :  the  glyoxaline  is  by  far  tbe  more  abun- 
dant of  the  two. 

Of  aldehydes  derivable  from  diatomic  alcohols  belonging  to  other  series. 
three  only  are  known ;  vis.,  salicylic  aldehyde,  C^Bfi^  anisic  aldehyde, 
CgHgOy  and  furfurol,  CgH^O,. 

Sallcyllo  Aldehyde,  or  SaUcylol.  C^HgO,  =  CgHgO  .  COH ;  also  called 
salicyloui  acid,  and  hydride  of  tialinfl. — Tliis  compouud  is  produced  by  oji- 
dizing  the  corresponding  alcohol,  saligenin,  C^HgO,,  with  potassium  chro- 
mate  and  dilute  sulphuric  acid.  As  salicin  (p  k^\ )  is  a  glucoside  of  sali- 
genin, and  populin  has  the  composition  of  benioyl-salicin,  salicylol  mar 
likewise  be  formed  from  these  bodies  by  the  action  of  oxidising  agent*; 
it  may  be  conveniently  prepared  by  treating  salicin  or  the  concentrated  ex- 
tract of  willow-bark  with  chromic  acid.  One  part  of  salicin  is  dissohed 
in  10  parts  of  water,  and  mixed  in  a  retort  with  1  part  of  powdered  potas- 
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Slum  bichromate  and  2}  parts  of  oil  of  vitriol  diluted  with  10  parts  of 
water :  gentle  heat  is  applied,  and  after  the  cessation  of  the  eifervescence 
first  produced,  the  mixture  is  distilled.  The  yellow  oily  product  is  sepa- 
rated from  the  water,  and  purified  by  rectification  from  calcium  chloride. 
Salicylol  exists  ready  formed  in  the  flowers  of  meadow-sweet  (Spirtea  ul- 
maria)^  and  may  be  obtained,  together  with  a  terpene,  by  distilling  the  flowers 
with  water.  On  neutralizing  the  distillate  with  potash,  boiling  to  expel  the 
hydrocarbon,  slightly  supersaturating  the  residue  with  phosphoric  acid, 
and  distilling,  salicylol  passes  oyer,  aud  may  be  purified  by  agitating  the 
distillate  with  ether,  treating  the  decanted  ethereal  solution  with  potash, 
supersaturating  with  phosphoric  acid,  and  redistilling. 

Salicylol  is  a  thin,  colorless,  fragrant  oil,  acquiring  a  red  tint  by  expos- 
ure to  the  air.  It  has  a  specific  gravity  of  1*173,  solidifies  at — 20^  C. 
( — 4®F.),  boils  at  196-5°  C.  (385®  F.),  and  burns  when  set  on  fire,  with  a 
bright  smoky  flame.  Water  dissoWes  a  perceptible  quantity  of  salicylol, 
acquiring  its  fragrant  odor,  and  the  property  ^likewise  exhibited  by  sail- 
cyljc  acid)  of  producing  a  deep  violet  color  witn  ferric  salts.  Alcohol  and 
ether  dissolve  it  in  all  proportions. 

Salicylol  is  oxidized  to  salicylic  acid  by  boiling  with  cupric  oxide  in  al- 
kaline solution,  partially  also  by  potassium  bichromate  and  sulphuric  acid ; 
it  likewise  reduces  silver  oxide.  When  heated  with  potassium  hydrate,  it 
is  converted  into  potassium  salicylate,  with  evolution  of  hydrogen : 

C^H^O,      -f      KOH      s       C^H^KO,      +      H^ 

By  nascent  hydrogen  it  is  converted  into  saligenin,  C^ HgO, ;  by  ammonia, 
into  hydrosalicylamide : 

SC^H^O.      +      2NH,       =       80H,       -f       C„HijO,N, 
Sahcylol.  Hydrosalicyl- 

amide. 

Salicylol  decomposes  alkaline  carbonates,  and  dissolves  in  caustic  alka- 
lies, forming  yellow  crystallizable  salts ;  the  sodium-salt,  for  example,  hav- 
ing the  composition  CfH^NaO^  This  salt  and  the  corresponding  potassium 
and  ammonium-compounds,  are  soluble  in  water,  and  by  treating  their  so- 
lutions with  salts  of  barium,  copper,  lead,  silver,  &c.,  insoluble  metallic 
derivatives  of  salicylol  are  precipit-ated.  These  compounds  are  commonly 
called  talieyUtea,  salicylol  itself  being  called  salicylous  acid ;  but  it  is  bet- 
ter to  designate  them  as  sodium  salicylol^  copper  salicylol,  &c.,  inasmuch  as 
the  metal  contained  in  them  does  not  appear  to  occupy  the  same  place  as 
in  the  salt  of  an  ordinary  acid,  but  rather  to  take  the  place  of  the  alco- 
holic hydrogen  in  the  molecule  of  salicylol,  O^HgO .  COH,  so  that  sodium 
salicylol  consists  of  C^H^NaO  .  COH.  This  salt,  treated  with  methyl-iodide, 
yields  sodium  iodide  and  metkyl-salicylol,  C«H^(CH,)0 .  COH,  a  compound 
exhibiting  properties  exactly  analogous  to  those  of  salicylol  itself.  Ethyl- 
salicylol,  C^^^(CfH^)0  .  COH,  is  obtained  in  a  similar  manner.'"'  Ammonia 
actH  upon  these  compounds  in  the  same  manner  as  on  salicylol,  converting 
them  into  methyl-hydrosalicylamide,  C2iHjf(CH,)0,N2,  and  ethyl-hydrosali- 
cylamide,  C,,H„(C,Hg)0,N,. 

Salicylol  is  strongly  attacked  by  chlorine  and  bromine,  forming  substi- 
tution-products, namely,  chlorosalicylol,  C^H^CIO,,  and  bromo-salicylol, 
CyHjBK)^  both  of  which  are  crystalline  bodies  possessing  acid  properties. 
/o</m«  dissolves  in  it,  but  does  not  form  a  substitution-product.  Moderately 
strong  nitric  acid  converts  it  into  nit ro- salicylol,  CyH5(N0,)02,  which  is  also 
crystalline,  and  forms  crystallizable  salts.  Chlorosalicylol  is  acted  upon 
by  ammonia  in  the  same  manner  as  salicylol,  forming  chlorohydrosalicyla- 
mlde,  or  chlorosamide,  CiiH^CIgOgNj. 

*  Btrkin,  Cbezn.  Soc.  Jouriml  [2],  r.  418. 
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Methyl-salicylol  and  ethyl-salicylol  are  also  attacked  by  chlorine  and 
bromine,  formiug  substitution-derivatives  similar  to  those  of  salicylol  it- 
self, e.g.^  ethyl.bromosalicylol,  C^H4(CHg)BrOy 

Salicylol  and  all  its  subslitution-deriTutives  above  mentioned,  form  crys- 
talline compounds  with  the  acid  sulphites  of  the  alkali -metals. 

Salicylol  unites  with  acefic  oxide  or  anhydride,*  forming  the  crystalline 
compound  C„H,,05  =  C^HjO,  .  (C,H,0),0.  Acetic  oxide  likewise  forms 
limilar  compounds  with  methyl-  and  ethyl-salicylol. 

Sodium-salicylol,  treated  with  acetic  oxide,  forms  sodium  acetate  and 
acetO'talioflol.  f 

CeH.NaO  .  COH  -f  (C,H,0),0  =  NaOC,H,0  -f  CgH,(C,H,0)0 .  COH 
Sodium-salicylul.         Acetic  Sodium  Acetosa-Ucylol . 

oxide.  acetate. 

This  compound  has  the  same  composition  as  coamaric  acid,  C^HgO,.  an  acid 
protluccd  by  the  hydration  of  coumarin,  the  odoriferous  principle  of  the 
Tonka  bean  ;  but  to  obtain  it  by  the  reaction  above  mentioned,  certain  pre- 
cautions are  necessary.  The  acetic  oxide  must  be  added  to  powdered  an- 
hydrous sodium-salicylol  suspended  in  pure  dry  ether,  the  reagents  being 
employed  in  equivnlent  quantities;  and  after  the  whole  has  stood  for  twen- 
ty-four hours,  the  ethereal  liquid  must  be  filtered  off  from  the  sodium  ace- 
tate, then  evaporated,  and  the  crystalline  cake  which  separates  on  cooling, 
purified  by  pressure  between  bibulous  paper,  and  crystallization  from  alco- 
hol. Acctosalicylol  thus  prepared  melts  at  87°  C.  (98°  F.),  boils  at  about 
253°  C.  (487°  F.),  and  distils  without  decomposition.  It  is  an  aldehyde, 
like  snlicylol  itself,  and  forms  definite  compounds  with  alkaline  bisulphiti'S. 
It  is  decomposed  by  alcoholic  potash,  with  formation  of  potassium  acetate 
and  potassium-salicylol : 

C,H4(C,H,0)0 .  con  -f  2K0H  =  CeH^KO .  COH  +  C,H,KO,  +  OH^ 

Acctosalicylol  likewise  unites  directly  with  acetic  oxide. 

If  the  product  of  the  action  of  acetic  oxide  on  salicylol,  instead  of  being 
treated  in  the  manner  above  described,  be  poured  into  water  aAer  a  few 
minutes'  boiling,  an  oily  liquid  sinks  to  the  bottom,  and  sodium-acetate  re- 
mains in  solution ;  and  on  distilling  this  oil,  and  collecting  apart  that  whieh 
passes  over  after  the  temperature  has  risen  to  290°  C.  (554°  F.),  a  crystalline 
substance  is  obtained, having  the  composition  of  acetosalicylol  minus  one  mole- 
cule of  water :  this  substance  is  identical  in  every  respect  with  natural  eotma- 
ririy  C^HfO,.  The  dehydration  of  the  acetosalicylol  appears  to  be  due  to  the 
action  of  the  sodium-acetate,  perhaps  to  the  formation  of  an  anhydroace- 
tate  or  biacetate  of  sodium,  'JC^HgNaO, .  C^H^O,,  analogous  to  potasviiiffl 
anhydrosulphato  (p.  297),  which  appears  to  exert  a  more  powerful  dehy- 
drating action  than  acetic  oxide  itself. 

Coumarin  thus  obtained  has  lost  the  properties  of  an  aldehyde,  no  longer 
uniting  with  alkaline  bisulphites;  it  differs  also  from  acetosalicylol  in  not 
being  split  up  into  acetic  acid  and  salicylol  by  the  action  of  strong  pot&^h. 
but  simply  taking  up  an  atom  of  water  and  being  converted  into  coumaric 
acid. 

Coumarin,  as  already  observed,  is  the  odoriferous  principle  of  the  Tonka 
bean.  It  may  be  often  seen,  forming  minute,  colorless  crystals  under  the 
skin  of  the  seed,  and  between  the  cotyledons.  It  is  best  extracted  by  ma- 
cerating the  sliced  beans  in  hot  alcohol,  and,  after  straining  through  cloth, 
distilling  off  the  greater  part  of  the  spirit.  Tlie  syrupy  residue  deposits 
on  standing,  crystals  of  coumarin,  which  must  be  purified  by  pressure  from 
a  fat  oil  which  abounds  in  the  beans,  and  then  crystallized  from  hot  water. 

•  PrrJn'n,  Clipm.  Soc.  Journal  [2]  t.  686. 
t  Jbid.  [2J,  vl.  53,  181. 
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=    CgHjO, 

Anise  oil. 

Anisic 

aldehyde. 
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So  obtained,  eonmarin  forms  slender,  brilliant,  colorless  needles,  fusible  at 
about  67°  C.  (167°  F  ),  boiling  between  290°  and  291°  C.  (556°  F.),  and  dis- 
tilling without  decomposition  at  a  higher  temperature.  It  hns  a  fragrant 
odor  and  burning  taste;  is  very  slightly  soluble  in  cold  water,  more  soluble 
in  hot  water,  and  in  alcohol.  It  is  unaffected  by  dilute  acids  or  alkalies,  which 
merely  dissolve  it.  Boiling  nitric  acid  converts  it  into  picric  acid,  and  a 
hot  concentrated  solution  of  potash  converts  it  into  coumarie  acid^  CgHgO^, 
and  eventually  into  salicylic  acid.  Coumarin  exists  in  several  other  plants, 
as  in  Metilotus  officmalis^  Asperula  odorata^  and  Anthozanthum  odoratum. 

By  acting  on  sodium  salicylol  with  butyric  and  valeric  oxides,  Perkin 
has  obtained  homologues  of  coumarin,  viz.,  butyric  coumarin,  CjiHjoO,,  and 
valeric  coumarin,  Cj^Hj^O,. 

Anisic  Aldehyde,  C,HgO^  also  called  Anisal  and  Hydride  of  Anityl^  is 
formed,  together  with  anisic  acid,  by  oxidation  of  anisic  alcohol,  C^Hi^Oi, 
with  platinum-black,  or  of  anise  oil  with  warm  nitric  acid : 

+    C,H.O^    +     OHy 
Oxalic 
acid. 

It  is  a  yellowish  liquid,  having  an  aromatic  odor  and  a  burning  taste,  nearly 
insoluble  in  water,  but  soluble  in  all  proportions  in  alcohol  and  ether.  It 
is  converted  by  oxidation  into  anisic  acid,  CgHgO,;  by  nascent  hydrogen 
into  anisic  alcohol,  CgHigO,,  and  forms  crystalline  compounds  with  alkaline 
bisulphites.  Amm<mia  converts  it  into  anishydramide,  ^^%fi%^r  ^7 
alcoholic  potash  it  is  decomposed  in  the  same  manner  as  benzoic  aldehyde, 
yielding  potassium  anisate  and  anisic  alcohol: 

2C8HgO,      +      KOH      =      C^H^KO,      +      CgHj^O 

Anisic  Potassium  Anisic 

aldehyde.  anisate.  alcohol. 

OU  of  anise  is  a  solution  of  a  solid  substance  called  aniss'catnphor^  having 
the  composition  C,oH|,0,  in  a  fluid  oil  which  appears  to  have  the  composi- 
tion of  oil  of  turpentine.  The  anise-camphor  is  so  abundant  as  to  cause 
the  whole  to  solidify  at  10°  C.  (50°  F.).  By  pressure  between  folds  of  bibu- 
lous paper,  and  crystallization  from  alcohol,  the  camphor  may  be  obtained 
pure.  It  forms  colorless  pearly  plates,  more  fragrant  than  the  crude  oil, 
which  melt  when  gently  heated,  and  distil  at  a  high  temperature.  This 
substance  is  attacked  energetically  by  chlorine,  bromine,  and  nitric  acid: 
it  combines  with  hydrochloric  acid,  but  is  unaffected  by  solution  of  caustic 
potash.  With  bromine  the  solid  essence  yields  a  white,  inodorous,  crys- 
tallizable  compound,  bromanisal,  containing  C|oHgBr,0.  The  action  of  chlo- 
rine is  more  complex,  several  successive  compounds  being  produced.  With 
sulphuric  acid  two  products  are  obtained  —  a  compound  acid  analogous  to 
ethylsulphuric  acid,  and  a  white,  solid,  neutral  substance,  anuoi/t,  isomeric 
with  the  fluid  essence. 

The  products  of  the  action  of  nitric  acid  vary  with  the  strength  of  the 
acid  employed:  the  most  important  are,  anisic  aldehyde ;  anisic  acid;  nilra- 
nisie  acid,  a  yellowish-white,  crystalline,  sparingly  soluble  powder;  and 
nilraniside^  a  resinous  body  produced  by  fuming  nitric  acid. 

Tarfiirol,  C5H4O,.  — ^When  sulphuric  acid  diluted  with  an  equal  bulk  of 
water  is  carefully  mixed  with  twice  its  weight  of  wheat-bran,  and  the  ad** 
hesive  pasty  mass  obtained  is  exposed  in  a  proper  vessel  to  the  action  of  a 
current  of  steam,  which  is  afterward  condensed  by  a  worm  or  refrigerator, 
a  liquid  is  obtained  which  holds  furfurol  in  solution.  By  redistillation 
several  times  repeated,  the  first  half  of  the  liquid  only  being  collected,  the 
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furfurol  can  be  extracted  from  the  water,  and  then  by  distillation  alome 
obtained  in  a  state  of  purity.  The  production  of  furfurol  is  very  greatly 
increased,  and  the  operation  much  facilitated,  by  previously  depriving  the 
bran  of  all  starch,  glutin,  and  soluble  matter,  by  steeping  it  in  cold  dilute 
solution  of  caustic  potash,  and  washing  and  drying  by  gentle  he&t  or  in 
the  sun.  Maceration  in  cold  water  for  some  time  answers  the  same  pur- 
pose, owing  to  the  lactic  acid  formed  in  that  case.  Furfurol  has  a  pale 
yellow  color,  and  a  fragrant  odor  like  that  of  oil  of  cassia:  its  specific 
gravity  is  1165,  and  it  boils  at  162°  C.  (324o  F.),  distilUng  unchanged  It 
dissolves  in  all  proportions  in  alcohol  and  to  a  very  considerable  extent  in 
water,  and  is  readily  destroyed  by  strong  acids  and  caustic  alkaliea,  efpe- 
cially  when  aided  by  heat.  The  specific  gravity  of  its  vapor  is  3-493. 
Furfurol  may  be  converted  into  silver  pyromucate  by  treating  its  aqueous 
solution  with  silver  oxide : 

SCftH^O,    +    3Ag,0    =.    2C.H,AgO,    +    2Ag,    +    OH, 

In  contact  with  solution  of  ammonia,  furfurol  is  converted  in  a  feir 
hours  into  ^i/uramule,  Ci^H^OgN,  a  yellowish- white,  crystalline,  insoluble 
substance,  which  is  decomposed  slowly  by  water,  and  instantly  by  an  aeid, 
into  ammonia  and  furfurol.  It  may  be  crystallised  from  alcohoU  however, 
in  which  it  dissolves  without  change.  When  boiled  with  dilute  potash,  it 
is  converted  into  the  isomeric  compound  Jurfurinej*  which  is  a  base  form- 
ing definite  salts  with  acids. 

FucusoL.  —  By  treating  several  varieties  of  fticus  with  sniphiiric  aeid  io 
exactly  the  same  manner  as  in  the  preparation  of  furfurol.  Dr.  Stenhoosa 
obtained  a  series  of  substances,  which  he  designates  by  the  terms  Juauoi, 
Jueuaamide,  and  /ueutine.  They  have  exactly  the  same  composiUon  as  the 
corresponding  terms  in  the  fUrfurol  series,  and  also  most  of  their  proper- 
ties, but  dififer  in  some  details. 


KETOHES. 

These  t)odies  are  derived  from  aldehydes  by  sabstitution  of  an  alcohol- 
radical  for  hydrogen  in  the  group  COH ;  thus : 

Acetic  aldehyde CHg.COH 

Acetic  ketone  or  Acetone       .        •        .        CHg .  COOH,. 

They  ma;r  be  regarded  as  compounds  of  alcohol-radicals  with  acid  radi- 
cals— acetone,  for  example,  as  methyl-acetyl ;  or  as  compounds  of  c*r- 
bonyl,  CO^^,  with  two  univalent  alcohol-radicals,  which  may  be  either  the 
same  or  dififerent ;  e.  g. : 

^Hcn\  co{cfrf. 

Acetone  or  methyl-  Methyl-propyL 

acetyl. 

The  only  bodies  of  this  class  that  have  been  carefiilly  studied  are  those 
which  correspond  to  the  aldehydes  CnHiaO,  or  to  the  fatty  acids  CJluOr 

The  names,  formulce,  and  boiling  points  of  the  best  known  ketones  ox 
this  series  are  given  in  the  following  table : 

*  See  Organic  Basel. 


KETOKKS. 


697 


Nome. 


Q 

« 

s 


Acotone,  or  Bfetbyl-acetyl 

Sthyl-Acetyl 

I«opropyl-«cetyl   .    .    .    . 

PropylHictftyl 

^  Propione,  or  Ethyl-propyl 


{ 
{ 


XT  / Meth jl-valoryl 

«  I  t  Kthyl-butyryl 

i-C  f  I«ol»utyl-«cetyl 

J  I  (  Butyrone,  or  Propyl-butyryl 


Formula. 


CO(CH,XCH,) 
CO\CU,XCUiCH^ 

or  (XKCllsX^Hft) 
CO(Cll,)iCim}ir,)J 
C0(CIl8KCHgC,U»> 

or  CO(CHa)  C,H,) 
COCCsIlfiXCglls) 

C0(r4ri,xcH,) 

C0(CH,)rCH^C,H5)J 
CO(C,H7XC,H7) 


} 
} 


Boiling  Point. 


MP  0. 

810  •• 

10  lo  »• 

lOl©  « 

120O  " 

1280  « 

13^  " 

1440  « 


138°  F. 
178°  " 

axjo  •* 

2140  « 
2140  « 

248°  " 
262"  " 

28(H  " 
291-'  " 


The  ketones  of  thii  gronp,  containing  two  equiyalents  of  the  same  r.lco- 
hol-radical,  are  produced : 

I.  By  the  action  of  carbon  monoxide  on  sodium  ethide  and  its  homo- 
logaes : 

CO     4-     2NaCnHto+i    —    Na,    +     CO(Cnnto+,)r 
For  example : 

CO        +        2NaC,H5  ==        Ka,        + 

Carbon 
monoxide. 


2NaC-H. 
Sodium  ethyl. 


CO(C^H,), 
Propione. 


2.  By  the  action  of  zinc-methyl,  and  its  bomologpies,  on  the  acid  chlorides, 
C,H,p_,OCl ;  e.ff.: 

Zn(CHj),      +      2COCH8C1    =    ZnCl,    -f     2C0(CH,), 
Zinc  methide.  Acetic  Acetone. 

chloride. 

8.  By  the  oxidation  of  the  secondary  alcohols ;  thus : 

CH(CHj),.OH        -f        O      =      OH,        +        CO(CH,), 
Isopropyl  alcohol.  Acetone. 

4.  By  the  dry  distillation  of  the  calcium-salts  of  the  fatty  acids ;  e.  g. : 


Ca^//0(COCH,)         _ 
^*    \0(COCH,)         — 


+ 


Calcium  acetate. 


CO(CH,), 
Acetone. 


COCa'^0, 

Calcium 
carbonate. 

The  ketones  formed  in  this  manner  from  the  successive  members  of  the 
fatty  acid  series  differ  from  one  another  by  twice  CH,;  thus: 

Acetic  acid     .  .     .     C,H^0j,  yields  Acetone .     ,  .     C^HjO. 

Propionic  acid  .     .  CjHjO^,      "       Propione .     .     .  CgHj^O. 

Butyric  acid  ,     .     C4HgO,,      **       Butyrone     .  .     C^H„0. 

Valeric  acid     .  .     .  CjH,oO,,     «*       Valerone  .     .     .  C,H,gO. 

The  intervals  are  filled  up  by  ketones  containing  different  alcohol-radi- 
cals ;  thus  ethyl-acetyl,  C^HgOi  or  C,U^ .  COCHy  is  intermediate  between 
acetone  and  propione. 

The  ketones  containing  two  different  alcohol-radicals  may  be  obtained 
by  the  second  of  the  processes  above  given ;  e.  g. : 

2C0CH,C1     -f     Zn(C,H5),    =     ZnCl,    -f     2C0(CH,)(CjH4) 

Acetic  Zinc  ethyl.  Ethyl  acetyl, 

chloride. 
59 
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Or  by  distilling  a  mixture  of  the  calcium-salts  of  two  different  fattj  acids; 
thus: 

CaCCOCJI,),    +     Ca(COCH,),    =    2C0,Ca     +     2C0(CH,)rC^H,) 
Valerate.  Acetate.  Butyl-acetyL 

The  formation  of  aldehydes  by  distilling  a  mixture  of  a  formate  with  the 
salt  of  another  fatty  acid  (p.  684),  is  a  particular  case  of  this  lavt  reaction. 

Another  mode  of  producing  these  compounds  has  been  gi^en  by  Frank- 
land  and  Duppa,*  depending  on  the  consecutive  action  of  sodium  and  the 
iodides  of  the  alcohol-radicals  CbH^i^,,  on  acetic  ether;  but  we  must  be 
content  with  referring  to  it. 

Every  ketone  is  isomeric  with  an  aldehyde  belonging  to  the  same  series; 
thus  acetone,  CH,.  COCH,,  is  isomeric  with  propionic  aldehyde,  C,H^.  COH; 
butyrone,  CjH^  .  COCjHp  with  cenanthylic  aldehyde,  C,H„  .  COH,  &c 
Formic  acetone,  H.  CUH,  is  identical  with  formic  aldehyde. 

Ketones  resemble  aldehydes  in  forming  crystalline  compounds  with  al- 
kaline bisulphites,  from  which  the  ketone  may  be  liberated  by  distillaticn 
with  an  alkali.  They  differ  from  the  aldehydes :  1.  In  not  being  converted 
by  oxidation  into  the  corresponding  acids.  — 2.  In  being  converted  by  nis- 
cent  hydrogen  into  secondary  alcohols,  whereas  the  aldehydes  are  con- 
verted into  primary  alcohols.  —  3.  In  not  combining  with  aniline. 

The  only  ketone  that  has  been  studied  in  detail  is  acttone^  ^JRfi*  the 
ketone  of  acetic  acid.  This  body  is  prepared,  as  already  observed,  by  the 
destructive  distillation  of  acetates,  the  calcium  or  the  lead  sail  being  the 
most  convenient  for  the  purpose.  The  crude  distillate  is  saturated  with 
potassium  carbonate,  and  afterwards  rectified  in  a  water-bath  from  calcium 
chloride.  Acetone  may  also  be  prepared  by  passing  the  vapor  of  strong 
acetic  acid  through  an  iron  tube  heated  to  dull  redness,  the  acid  being  re- 
solved into  acetone,  carbon  dioxide,  carbon  monoxide,  and  carburetted  hj- 
drogen. 

Acetone  is  also  produced  in  the  destructive  distillation  of  citric  acid,  and 
may  be  procured  from  sugar,  starch,  and  gum,  by  distillation  with  eight 
times  their  weight  of  powdered  quicklime.  The  acetone  is,  in  this  ca$e, 
accompanied  by  propione,  which  is  an  oily  liquid,  separable  from  the  ace- 
tone by  water,  in  which  it  is  insoluble. 

Pure  acetone  is  a  colorless  limpid  liquid,  of  pecnliar  odor:  it  has  a 
density  of  0-792,  and  boils  at  Gd-d""  C.  (132<'  F.>:  the  density  of  its  rapor 
(referred  to  air)  is  2r022.  Acetone  is  very  inflammable,  and  burns  with 
a  bright  flame ;  it  is  miscible  in  all  proportions  with  water,  alcohol,  and 
ether. 

Nascent  hydrogen  converts  it  into  isopropyl  alcohol  (p.  681) ;  but  at  the 
same  time  a  portion  of  the  acetone  doubles  its  molecule,  and  likewise  takes 
up  hydrogen,  being  thereby  converted  into  a  crystalline  substance,  lind- 
cone,  CqHi^O,  r=  2Q^\fi  -f-  H,,  which  is  perhaps  a  diatomic  alcohol. 

Acetone  treated  with  hydrocyanic  acidy  water,  and  hydrochloric  acid,  is 
converted  into  acetonic  acid^  C^U^O,,  isomeric  or  identical  with  oxybutjrie 
acid: 

C.HeO    -t-    CNH    +     20H,    -f    HCT    =    NH^a    -f    C^H,©,. 

When  acetone  IS  heated  to  100^  with  ammonia,  the  two  unite,  with  elimina- 
tion of  water,  forming  a  ba>ic  compound,  acetonme,  related  to  acetone  in 
the  same  manner  as  amarine  (p.  C90)  to  benzoic  aldehyde: 

8C,H,0      -h       2NH,      =       N,(C,H,)/'3      -f       SOH^ 
Acetone.  Acetonine. 

•  Chem.  Soc.  Jonmal  [2],  r.  103. 
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Acetone  distilled  with  fuming  tulphuric  acid,  or  other  powerful  dehydrat- 
ing agents,  is  conTerled  into  metitylme,  C,H„  =  SCgH^O  —  0H2(p.  499). 
Phosphonu  pentaehloride  converts  acetone  into  the  compound,  CjHfCl,,  iso- 
meric with  propene  chloride : 

C,H«0        4-        PClj        =        PCljO        -1-        C,H,CV 

This  chloride  differs  in  boiling  point  from  propene  chloride,  but  resem- 
bles the  latter  in  its  reaction  with  alcoholic  potash,  which  converts  it  into 
chloropropene,  CsH^Cl,  identical  with  that  obtained  from  propene. 

Hydrochloric  acid  likewise  converts  acetone  into  a  body  composed  of 
r,H,Cl,  but  isomeric,  not  identical,  with  the  preceding.  This  compound, 
called  mttityl  ckUiride,  is  converted  by  alcoholic  potash  into  maityl  oxide, 
(C,H5),0: 

2C,HjCl    -f    2K0H     =    2KC\     +     OH,     +     (C3H5),0; 

whereas  ohloropropene  treated  with  alcoholic  potash  gives  up  hydrochloric 
acid,  and  yields  allylene  (p.  486) :  C3H5CI  —  HCl  =  C,H^. 

Of  the  aromatic  ketones  two  only  are  known,  vix.,  benzene  and  methyl- 
benzoyl. 

Bemone  or  Benzophenone,  C,,HjoO,  or  C^H^ .  COC^H,,  the  ketone  of  benzoic 
acid,  is  produced  by  heating  potassium  benzoate ;  it  is  a  crystalline  body 
melting  at  46'>  C.  (I15'>  F.),  boiling  at  81 5<'  C.  (599<>  F.),  and  distilling  with- 
out decomposition.  Warm  fuming  nitric  acid  converts  it  into  dinitroben- 
zone,  CaH,(NO,),0. 

Methyl-benxoyl,  CH^ .  COC^Hj,  is  formed  by  distilling  a  mixture  of  cal- 
cium acetate  and  bensoate. 
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We  have  already  mentioned  (p.  287)  that  the  name  cyanogen  is  applied 

to  the  uniyalcnt  radical  CN»  derived  from  the  saturated  molecule  C^  <  „     , 

by  abstraction  of  hydrogen.  Cyanogen  is  a  chlorous  acid  or  negatiTe  rad- 
ical, analogous  to  chlorine,  bromine,  and  iodine :  its  compounds  with  metals 
and  other  positire  radicals  are  called  eyanida: 

Hydrogen  cyanide,  or  Hydrocyanic  acid    .         .  C  X^^^H 

Potassium  cyanide C**N'''K 

Ethyl  cyanide C»»N'''C,H, 

Barium  cyanide {0»N''''),Ba'^ 

Ethene  cyanide {O^S^^^)^{C^E^y^ 

Propenyl  cyanide (C»'N''^),(C?,Hg)"^ 

Cyanogen,  in  its  capacity  of  a  quasi-element,  is  often  represented  by  the 
symbol  Cy. 

C^N 

Cyanogen  in  the  free  state,  C^^  or  I  ,  may  be  obtained  by  decom- 

C=^N 
posing  certain  metallic  cyanides.     PuWerized  and  well-dried  mercnrie  cy- 
anide, (CN),Hg^^,  heated  in  a  small  retort  of  hard  glass,  undergoes  decom- 
position, like  the  oxide  under  similar  circumstances.  yieMing  metallic  mer- 
cury, a  small  quantity  of  a  brown  substance,  of  which  mention  will  again 
be  made,  and  cyanogen   itself,  a   colorless,  permanent  gas,  which   must 
be  collected   over  mercury.     It  has  a   pungent  and  very  peculiar  odor, 
remotely  resembling  that  of  peach-kernels,  or  hydrocyanic  acid ;  exposed 
while  at  the  temperature  of  7*2^  C.  (45°  F)  to  a  pressure  of  8*6  atmosphere*, 
it  condenses  to  a  thin,  colorless,  transparent  liquid.     Cyanogen  is  inflam- 
mable :  it  burns  with  a  beautiful  purple  or  peach-blossom -colored  flame, 
generating  carbon  dioxide,  and  liberating  nitrogen.     The  specific  gravity 
of  this  gas  is  1-806.     Its  composition  may  be  demonstrated  by  mixing  it 
with  twice  its  measure  of  pure  oxygen,  and  firing  the  mixture  in  the  eudi- 
ometer ;  carbon  dioxide  is  formed  equal  in  volume  to  the  oxygen  employed, 
and  a  volume  of  nitrogen  equal  to  that  of  the  cyanogen  is  set  free.    Water 
dissolves  4  or  5  times  its  volume  of  cyanogen  gas,  and  alcohol  a  much 
larger  quantity  :  the  solution  rapidly  decomposes,  yielding  ammonium-ox- 
alate,   (C2N2-I-4OH,  ss  Cj^^^^^fi^),  a  brown  insoluble  matter,  and  other 
products. 

Paractanookn.  —  This  is  the  brown  or  blackish  substance  above  re- 
ferred to,  which  is  always  formed  in  small  quantity  when  cyanogen  is 
prepared  by  heating  m»»rciiric  cyanide,  and  probably,  also,  by  the  decom- 
poi<ition  of  solutions  of  cyanogen  and  ot  hydrocyanic  acid.  It  is  insoluble 
in  water  and  alcohol,  is  dissipated  by  a  very  high  temperature,  and  con- 
tains, according  to  Johnston,  carbon  and  nitrogen  in  the  same  proportion 
as  cyanogen. 
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Eydrogovi  Cyanide;  Hydrooyanio  or  FinMio  Acid,  HCj.— -This  yerj  im* 
pot  unt  compound,  no  very  remarkable  for  its  poisonous  properties,  was 
discovered  as  early  as  1 782  by  Scbeele.     It  may  be  formulated  as  azomelhane, 

C-*^  <  u  ;  that  is  to  say,  methane  or  marsh-gas  having  three  of  ita  hydro- 
gen-atoms replaced  by  nitrogen,  or  as  methenyl  nitrile,  (CH)^^^N,  that  is, 
ammonia  in  which  the  three  atoms  of  hydrogen  are  replaced  by  the  triva- 
lent  radical  methenyl. 

Hydrocyanic  acid  may  be  prepared  in  a  state  of  purity,  and  anhydrous, 
by  the  following  process:  A  long  glass  tube,  filled  with  dry  mercuric  cyan- 
ide, is  connected  by  one  extremity  with  an  arrangement  for  furnishing  dry 
sulphuretted  hydrogen  gas,  while  a  narrow  tube  attached  to  the  other  end 
is  made  to  pass  into  a  narrow-necked  phiul  plunged  into  a  freezing  mix- 
ture. Gentle  heat  is  applied  to  the  tube,  the  contents  of  which  suffer  de- 
composition in  contact  with  the  gas,  mercuric  sulphide  and  hydrogen  cyan- 
ide being  produced :  the  latter  is  condensed  in  the  receiver  to  the  liquid 
form.  A  little  of  the  mercuric  cyanide  should  be  left  undecomposed,  to 
avoid  contamination  of  the  product  with  sulphuretted  hydrogen.  The  pure 
acid  is  a  thin,  colorless,  and  exceedingly  volatile  liquid,  which  has  a  den- 
sity of  0-7058  at  7-2*»  0.  (45»  F.),  boils  at  26-P  C.  (1^  F.),  and  solidifies, 
when  cooled,  to  — 18^  C.  ( — 0*4°  F.);  its  oior  is  very  powerful  and  most 
characteristic,  much  resembling  that  of  peach-blossoms  or  bitter-almond 
oil ;  it  has  a  very  feeble  acid  reaction,  and  mixes  with  water  and  alcohol 
in  all  proportions.  In  the  anhydrous  state  this  substance  constitutes  one 
of  the  most  formidable  poisons  known,  and  even  when  largely  diluted  with 
w^ater,  its  effects  upon  the  animal  system  are  exceedingly  energetic:  it  is 
employed,  however,  in  medicine,  in  very  small  doses.  The  inhalation  of 
the  vapor  should  be  carefully  avoided  in  all  experiments  in  which  hydro- 
cyanic acid  is  concerned,  as  it  produces  headache,  giddiness,  and  other 
disagreeable  symptoms:  ammonia  and  chlorine  are  the  best  antidotes. 

The  acid  in  its  pure  form  can  scarcely  be  preserved :  even  when  enclosed 
in  a  carefully  stopped  bottle,  it  is  observed  after  a  very  short  time  to 
darken,  and  eventually  to  deposit  a  black  substance  containing  carbon, 
nitrogen,  and  perhaps  hydrogen :  ammonia  is  formed  at  the  same  time,  and 
many  other  products.  Light  favors  this  decomposition.  Even  in  a  dilute 
condition  it  is  apt  to  decompose,  becoming  brown  and  turbid,  but  not  al- 
ways with  the  same  facility,  some  samples  resisting  change  for  a  great 
length  of  time,  and  then  suddenly  solidifying  to  a  brown,  pasty  mass  in  a 
few  weeks. 

When  hydrocyanic  acid  is  mixed  with  concentrated  mineral  acids,  hydro- 
chloric acid,  for  example,  the  whole  solidifies  to  a  crystalline  paste  of  sal- 
ammoniac  and  formic  acid : 

CNH        +        2H,0        =r        NH,        -f        CH,0,. 

On  the  other  hand,  when  dry  ammonium  formate  is  heated  to  200°,  it  is 
almost  entirely  converted  into  hydrocyanic  acid  and  water. 

Aqueous  solution  of  hydrocyanic  acid  may  be  prepared  by  various  means. 
The  most  economical,  and  by  far  the  best,  where  considerable  quantities 
are  wanted,  is  to  decompose  yellow  potassium  ferrecyanide  at  boiling  heat 
with  dilute  sulphuric  acid.  For  example,  600  grains  of  the  powdered  fer- 
rooyanide  may  be  dissolved  in  four  or  five  ounces  of  warm  water,  and  in- 
troduced into  a  capacious  flask  or  globe,  connected  by  a  perforated  cork 
and  wide  bent  tube  with  a  Liebig's  condenser  well  supplied  with  cold  wa- 
ter ;  800  grains  of  oil  of  vitriol  are  diluted  with  three  or  four  times  as 
much  water  and  added  to  the  contents  of  the  flask;  and  the  distillation  is 
carried  on  till  about  half  the  liquid  has  distilled  over,  after  which  the  pro- 
cess may  be  interrupted.     The  residue  in  the  retort  is  a  white  or  yellow 
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mass,  consisting  of  poiassio- ferrous  ferroeyanide  (see  p.  707),  mixed  wills 
potassium  sulphate : 

2KJe''Cyj    +     SSO^H,    =     6HCy     -f     KjFe'^jCy.    -f     SSO^K, 
Potassium  Hydrogen      Hydrogen  Potassio-  PoUissium 

ferrocyanide.         sulphate.        cyanide.  ferrous  sulph&te. 

ferrocyanide. 

When  hydrocyanic  acid  is  wanted  for  the  purposes  of  pharmacy,  it  is 
best  to  prepare  a  strong  solution  in  the  manner  above  described,  and  then, 
having  ascertained  its  exact  strength,  to  dilute  it  with  pure  water  to  the 
standard  of  the  Pharmacopoeia,  vii.,  2  per  cent,  of  real  acid.  This  exami- 
nation is  best  made  by  precipitating  with  excess  of  silver  nitrate  a  known 
weight  of  the  acid  to  be  tried,  collecting  the  insoluble  silver  cyanide  apon 
a  small  filter  previously  weighed,  washing,  drying,  and  lastly  reweighing 
the  whole.  From  the  weight  of  the  cyanide  that  of  the  hydrocyanic  acid 
can  be  easily  calculated,  a  molecule  of  the  one  (CNAg=134)  corresponding 
to  a  molecule  of  the  other  (CNH=27) ;  or  the  weight  of  the  silver  cyanide 
may  be  divided  by  5,  which  will  give  a  close  approximation  to  the  truth. 

Another  very  good  method  for  determining  the  amount  of  hydrocyanic 
acid  in  a  liquid  has  been  suggested  by  Liebig.     It  is  based  upon  the  pro- 
perty possessed   by  potassium  cyanide  of  dissolving  a  quantity  of  nlver 
cyanide  sufficient  to  produce  with  it  a  double  cyanide  containing  equivalent 
quantities  of  silver  cyanide  and  potassium  cyanide  (KCy  .  AgCy).     Hence 
a  solution  of  hydrocyanic  acid,  which  is  supersaturated  with  potash,  and 
mixed  with  a  few  drops  of  solution  of  common  salt,  will  not  yield  a  perma- 
nent precipitate  with  silver  nitrate  before  the  whole  of  the  hydrocyanic 
acid  is  converted  into  the  above  double  salt.     If  we  know  the  amount  of 
silver  in  a  given  volume  of  the  nitrate  solution,  it  is  easy  to  calculate  the 
quantity  of  hydrocyanic  acid :  for  this  quantity  will  stand  to  the  amoont 
of  silver  in  the  nitrate  consumed,  as  2  molecules  of  hydrocyanic  acid  to  1 
atom  of  silver,  t.  e. : 

108  :  64  =r  silver  consumed  :  z. 

It  is  a  common  remark,  that  the  hydrocyanic  acid  made  from  potassium 
ferrocyanide  keeps  better  than  that  made  by  other  means.  The  cause  of 
this  is  ascribed  to  the  presence  of  a  trace  of  mineral  acid.  Everitt  found 
that  a  few  drops  of  hydrochloric  acid,  added  to  a  large  bulk  of  the  pure 
dilute  acid,  preserved  it  from  decomposition,  while  another  portion,  not  so 
treated,  became  completely  spoiled. 

A  very  convenient  process  for  the  extemporaneous  preparation  of  an 
acid  of  definite  strength,  is  to  decompose  a  known  quantity  of  potassium 
cyanide  with  solution  of  tartaric  acid:  100  grains  of  crystallized  tartaric 
acid  in  powder,  44  grains  of  potassium  cyanide,  and  2  measured  ounces  of 
distilled  water,  shaken  up  in  a  phial  for  a  few  seconds,  and  then  left  at 
rest,  in  order  that  the  precipitate  may  subside,  will  yield  an  acid  of  very 
nearly  the  required  strength.  A  little  alcohol  may  be  added  to  complete 
the  separation  of  the  cream  of  tartar:  no  filtration  or  other  treatment  need 
be  employed. 

The  production  of  hydrocyanic  acid  from  bitter  almonds  has  been  already 
mentioned  in  connection  with  the  history  of  this  volatile  oil.  Bitter  al- 
monds, the  kernelH  of  plums  and  peaches,  the  seedsof  the  apple,  the  leaves 
of  the  cherry-laurel,  and  various  other  parts  of  plants  belonging  to  the 
great  natural  order  Boaaeece,  yield  on  distillation  with  water  a  sweet-smell- 
ing liquid  containing  hydrocyanic  acid.  This  is  probably  due  in  all  cajtes 
to  the  decomposition  of  amygdalin  under  the  influence  of  emulsin  orsynap- 
tase  present  in  the  organic  structure  (p.  679).  Hydrocyanic  acid  exists 
ready  formed  to  a  considerable  extent  in  the  juice  of 'the  bitter  cassava. 
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The  presence  of  hydrocyanic  acid  is  detected  with  the  utmost  ease:  its 
remArkable  odor  and  high  degree  of  volatility  almost  sufficiently  cbarac- 
terize  it.  With  solution  of  silver  nitrate  it  gives  a  dense  curdy  white  pre- 
cipitate, much  resembling  the  chloride,  but  differing  from  that  substance 
in  not  blackening  so  readily  by  light,  in  being  soluble  in  boiling  nitric  acid, 
and  in  suffering  complete  decomposition  when  heated  in  the  dry  state,  me- 
tallic silver  being  left:  the  chloride  under  the  same  circumstances  merely 
fiuss,  but  undergoes  no  chemical  change.  The  production  of  Prussian 
blue  by  **  Scheele's  test "  is  an  excellent  and  most  decisive  experiment,  which 
may  be  made  with  a  very  small  quantity  of  the  acid.  The  liquid  to  be  ex- 
amined is  mixed  with  a  few  drops  of  solution  of  ferrous  sulphate  and  an 
excess  of  caustic  potash,  and  the  whole  exposed  to  the  air  for  10  or  15 min- 
utes, with  agitation,  whereby  the  ferrous  salt  is  partly  converted  into  ferric 
salt:  hydrochloric  acid  is  then  added  in  excess,  which  dissolves  the  iron 
oxide,  and,  if  hydrocyanic  acid  be  present,  leaves  Prussian  blue  as  an 
insoluble  powder.  The  reaction  will  be  explained  in  connection  with  the 
ferrocyanides  (p.  707). 

Another  very  delicate  test  for  hydrocyanic  acid  will  be  mentioned  in  con- 
nection with  sulphocyanic  acid. 

Metallio  Cyanides.  —  The  most  important  of  the  metallic  cyanides  are  the 
following :  they  bear  the  most  perfect  analogy  to  the  halo'id  salts. 

Potassium  Cyanide,  CNK  or  KCy.  —  Potassium  heated  in  cyanogen  gas, 
takes  fire  and  burns  in  a  very  beautiful  manner,  yielding  potassium  cy- 
anide: the  same  substance  is  produced  when  potassium  is  heated  in  the  va- 
por of  hydrocyanic  acid,  hydrogen  being  liberated.  When  pure  nitrogen 
gas  is  transmitted  through  a  white-hot  tube  containing  a  mixture  of  potas- 
sium carbonate  and  charcoal,  a  small  quantity  of  potassium  cyanide  is 
formed,  which  settles  on  the  cooler  portions  of  the  tube  as  a  white  amor- 
phous powder:  carbon  monoxide  is  at  the  same  time  evolved.*  If  azotized 
organic  matter  of  any  kind,  capable  of  furnishing  ammonia  by  destructive 
distillation,  as  horn-shavings,  parings  of  hides,  &c.,  be  heated  to  redness 
with  potassium  carbonate  in  a  close  vessel,  a  very  abundant  production  of 
potassium  cyanide  results,  which  cannot,  however,  be  advantageously  ex- 
tracted by  direct  means,  but  in  practice  is  always  converted  into  ferrocy- 
anide,  which  is  a  much  more  stable  substance,  and  crystallizes  better. 

There  are  several  methods  by  which  potassium  cyanide  may  be  prepared 
for  use.  It'  may  be  made  by  passing  the  vapor  of  hydrocyanic  acid  into  a 
cold  alcoholic  solution  of  potash:  the  salt  is  then  deposited  in  the  crystal- 
line form,  and  may  be  separated  from  the  liquid,  pressed,  and  dried.  Po- 
tassium ferrocyanide,  heated  to  whiteness  in  a  nearly  close  vessel,  evolves 
nitrogeu  and  other  gases,  and  leaves  a  mixture  of  carbon,  iron  carbide,  and 
potassium  cyanide,  which  latter  salt  is  not  decomposed  unless  the  temper- 
ature is  excessively  high.  Mr.  Donovan  recommends  the  use  in  this  pro- 
cess of  a  wrought-iron  mercury-bottle,  which  is  to  be  half  tilled  with  the 
ferrocyanide,  and  arranged  in  a  good  air-furnace  capable  of  giving  the 
requisite  degree  of  heat;  a  bent  iron  tube  is  fitted  to  the  mouth  of  the 
bottle  and  made  to  dip  half  an  inch  into  a  vessel  of  water:  this  serves  to 
give  exit  to  the  gas.  The  bottle  is  gently  heated  at  first,  but  the  tem- 
perature is  ultimately  raised  to  whiteness.  When  no  more  gas  issues,  the 
tube  is  stopped  with  a  cork,  and,  when  the  whole  is  quite  cold,  the  bottle 
is  out  asunder  in  the  middle  by  means  of  a  chisel  and  sledge-hammer,  and 
the  pure  white  fused  salt  carefully  separated  from  the  black  spongy  mass 

*  According  to  recent  exp«riin«nts  by  SIM.  Marfnieritte  and  dr  Sonrdevnl,  tho  formation  of 
cyanide  appears  to  be  more  abundant  if  the  pottisli  l>e  replaced  hy  baryta.  It'  the  barium 
cyanide  thus  formed  be  exposed  to  a  Btreara  of  Rnp'M-lieated  f<tpjim  at  :J00°  C.,  the  nitrogen  of 
the  Mdt  is  eliminated  in  the  form  of  ammonia.  Marpneriitonnd  dp  8onrdcv:il  recommend  tliii 
pruGCM  as  a  method  of  preparing  ammooia  by  meaos  of  atmoaphedc  nitrogen. 
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below,  and  preserTcd  in  a  well-stopped  boUle :  the  black  enbstanee  con- 
tains much  cyanide,  which  may  be  extracted  by  a  Utile  cold  water.  It 
would  be  better,  perhaps,  in  the  foregoing  process,  to  deprive  the  potassium 
fcrrocyanide  of  its  water  of  crystallization  before  intro>ducing  it  into  the 
iron  vessel. 

Liebig  hns  published  a  very  easy  and  excellent  process  for  making  potas- 
sium cyanide,  which  does  not,  however,  yield  it  pure,  but  mixed  with 
potassium  cyanate.  For  most  of  the  applications  of  potassium  cyanide, 
electro-plating  and  gilding,  for  example,  for  which  a  considerable  quan- 
tity is  now  required,  this  impurity  is  of  no  consequence.  Eight  part»  of 
potassium  fcrrocyanide  are  rendered  anhydrous  by  gentle  heat,  and  inti- 
mately mixed  with  3  parts  of  dry  potassium  carbonate:  this  mixture  is 
thrown  into  a  red-hot  esrthen  crucible  and  kept  in  fusion,  with  occasionsl 
stirring,  until  gas  ceases  to  be  evolved,  and  the  fluid  portion  of  the  mni^s 
becomes  colorless.  The  crucible  is  left  at  rest  for  a  moment,  and  then  the 
clcnr  salt  decanted  from  the  heavy  Mack  sediment  at  the  bottom,  which  is 
principally  metallic  iron  in  a  state  of  minute  division.  The  reaction  is 
represented  by  the  equation: 

K^Fe'^Cy,    -f     CO,K,    =     6KCy     +     CyKO  -{-     Fe  -|-    00^ 
Ferrocyanide.     Carbonate.      Cyanide.        Cyanate. 

The  product  may  be  advantageously  used,  instead  of  potassium  ferrorr- 
anidc,  in  the  preparation  of  hydrocyanic  acid,  by  distillation  with  dilated 
oil  of  vitriol. 

Potassium  cyanide  forms  colorless,  cubic  or  octohedrnl  crystals,  deli- 
quescent in  the  air,  and  exceedingly  soluble  in  water:  it  dissolves  in  boil- 
ing alcohol,  but  separates  in  great  measure  on  cooling.  It  is  readily 
fusible,  and  undergoes  no  change  at  a  moderate  red  or  even  white  heat, 
when  excluded  from  air:  otherwise,  oxygen  is  absorbed  and  the  cyanide 
becomes  cyanate.  Its  solution  always  has  an  alkaline  reaction,  and  wbrn 
exposied  to  the  air  exhales  the  odor  of  hydrocyanic  acid:  it  is  decomposed 
by  the  feeblest  acids,  even  the  carbonic  acid  of  the  atmosphere,  and  when 
boiled  in  a  retort  is  slowly  converted  into  potassium  formate,  with  repara- 
tion of  ammonia.  This  salt  is  anhydrous:  it  is  said  to  be  as  poisonous  as 
hvdrocvauic  acid  itself. 

Potassium  cyanide  has  been  derived  from  a  curious  and  unexpected 
source.  In  some  of  the  iron  furnaces  in  Scotland,  where  raw  coal  ia  u«(d 
for  fuel  \Yith  the  hot  blast,  a  saline-looking  substance  is  occnsionallj  ob- 
served  to  issue  in  a  fused  state  from  the  tuyere-holes  of  the  furnace,  aud 
concrete  on  the  outside.  This  proved,  on  examination  by  Dr.  Clark,  to  be 
principiiUy  potassium  cyanide. 

Sodium  Cyanide,  NaCy,  is  a  very  soluble  salt,  corresponding  closely 
with  the  foregoing,  and  obtained  by  similar  means. 

Ammonium  Cyanide,  Nll^Cy.  —  This  is  a  colorless,  crystallizable,  and 
very  volatile  substance,  prepared  by  distilling  a  mixture  of  potassium 
cyanide  and  sal-ammoniac  ;  or  by  mingling  the  vapor  of  anhydrous  hydro- 
cyanic acid  w^ith  ammoniacal  gas ;  or,  lastly,  according  to  the  observa- 
tions of  M.  Lauglois,  by  passing  ammonia  over  red-hot  charcoal.  It  is 
very  soluble  in  water,  subject  to  spontaneous  decomposition,  and  is  slightly 
poisonous. 

Mercuric  Cyanide,  (CN)jng^',  or  Hg'^Cy,. — One  of  the  most  remark- 
able properties  of  cyanogen  is  its  powerful  attraction  for  certain  of  the 
leas  oxidablc  metals,  as  silver,  and  more  particularly  for  mercury  and  pal- 
ladium. Dilute  hydrocyanic  acid  dissolves  finely-powdered  mercuric 
oxide  with  the  utmost  ease:  the  liquid  loses  all  odor,  and  yields  on  evapo- 
ration crystals  of  mercuric  cyanide.  Potassium  cyanide  is  in  like  manner 
deconipoHed  by  mercuric  oxide,  potassium  hydrate  being  produced.    Mer- 
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eurio  cyanide  is  generally  prepared  from  common  potassium  ferrocy* 
anide ;  2  parts  of  the  salt  are  dissolved  in  15  parts  of  hot  water,  and  8 
parts  of  dry  mercuric  sulphate  are  added ;  the  whole  is  boiled  for  fifteen 
minutes,  and  filtered  hot  from  the  iron  oxide,  which  separates.  The  solu- 
tioQ,  on  cooling,  deposits  the  mercuric  cyanide  in  crystals.  Mercuric 
cyanide  forms  white,  translucent  priams,  much  resembling  those  of  corro- 
siTe  sublimate :  it  is  soluble  in  8  parts  of  cold  water,  and  in  a  much  smaller 
quantity  at  a  higher  temperature,  and  also  in  alcohol.  The  solution  has  a 
disa^eeable  metallic  taste,  is  very  poisonous,  and  is  not  precipitated  by 
alkalies.  Mercuric  cyanide  is  used  in  the  laboratory  as  a  source  of  cyan- 
ogen. 

SiLTKR  Cyanide,  AgCy,  has  been  already  described. — Zinc  cyanidej 
ZnCy,,  is  a  white  insoluble  powder,  prepared  by  mixing  zinc  acetate  with 
hydrocyanic  acid. — Cobalt  cyanide,  CoCy^,  is  obtained  by  similar  means: 
it  is  dirty- white,  and  insoluble.  —  PaliacUum  cyanide,  PdCy^  forms  a  yel- 
lowish-white precipitate  when  the  chloride  of  that  metal  is  mixed  with  a 
soluble  cyanide,  including  that  of  mercury. — Auric  cyanide,  AuCy^,  is 
yellowish-white  and  insoluble,  but  freely  dissolved  by  solution  of  potas- 
sium cyanide. 

Iron  Cyanides. — These  compounds  are  scarcely  known  in  the  separate 
state,  on  account  of  their  great  tendency  to  form  double  salts.  On  adding 
potassium  cyanide  to  a  ferrous  salt,  a  yellowish-red  fiocculent  precipitate 
is  formed,  consisting  chiefly  of  ferrous  cyanide,  FeCy^  but  always  con- 
taining a  certain  quantity  of  potassium  cyanide,  and  dissolved  as  ferrocy- 
anide  by  excess  of  that  salt.  Ferric  cyanide,  FeJCy^,  is  known  only  in 
solution.  Pelouze  obtained  an  insoluble  green  compound  containing 
FcjCyg,  or  FeCy^.  Fe,Cy^  by  passing  chlorine  gas  into  a  boiling  solution 
of  potassium  ferrocyanide. 

The  iron  cyanides  unite  with  other  metallic  cyanides,  forming  two  very 
important  groups  of  compounds,  called  ferrocyanidet  and  ferricyaniden,  the 
composition  of  which  may  be  illustrated  by  the  respective  potasbium-salts : 

Ferrocyanide,  K^Fe'^Cy,,  or  4KCy .  *'e''Cy,. 
Ferricyanide,   KjFe'''Cy.,  or  3KCy .  Fe'-^'Cy,.* 

It  will  be  seen  from  thesfs  formulae,  that  the  ferro-  and  ferricyanides 
differ  from  oue  another  only  by  one  atom  of  univalent  metal,  and,  accord- 
ingly, it  is  found  that  the  former  may  be  converted  into  the  latter,  by  the 
action  of  oxidizing  (metal-abstracting)  agenti*,  and  the  latter  into  the  for- 
mer by  the  action  of  reducing  (metal-adding)  agents.  Thus  potassium 
ferrocyanide  is  easily  converted  info  the  ferricyanide  by  the  action  of  chlo- 
rine, and  many  double  ferrocyanides  may  be  formed  from  ferricyanides  by 
the  action  of  alkalies  in  presence  of  a  reducing  agent;  thus  potassium 
ferricyanide,  KjFe^'^Cyj.  is  easily  converted  into  ammonio-tripotnssic  fer- 
rocyanide, (NU^jKjFe^^Oyf,  by  the  action  of  ammonia  in  presence  of  glu- 
cose, f 

•  Strictly  upoAking,  the  formuln  of  potnmfum  ferriry«nirle  f»boiild  be  6KCy.Fe'"^j'j  Txpo 
Iboh,  p.  3W);  but,  for  ounipnriiig  the  ^onlIK)^itioIl  of  the  fcrrirynnideM  trilh  that  of  the  ferro- 
cyanides, the  Mimpler  formala  al»ore  leiveu  Im  more  cunvenieiit. 

t  Th«>  ferroryanidefi  and  ferricyanides  are  M^metimed  rcgiirded  na  mlta  nf  pmiltar  com- 
pound radicals  containing  iron,  via.,  /rrnicyanyen,  Fo"(\v«,  and  ferriejinnogfn.  Fe'"Cvj.  the 
flmt  being  qiindrivalent,  the  second  trivtUcnt:  liiit  there  it*  tiothinfr  giiined  by  thiN  liAMump- 
tlon.  For  a  diMcaasion  of  the  fumiulie  of  thene  salts,  and  of  the  double  cyanides  in  general, 
Watts'a  Dictionary  of  Chemistry,  vol.  ii.  p.  201. 
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FerroeyanideM. 

Potassium  Febroctanide,  K^Fe'^Cy,,  or  4KCy  .  Fe^'Cy,.  commonly 
called  yellow  pruatiate  of  potash. — This  important  salt  is  formed:  —  !.  By 
digesting  precipitated  ferrous  cyanide  in  aqueous  solution  of  potassium 
cyanide.  — 2.  By  digesting  ferrous  hydrate  with  potassium  cyanide,  pota&li 
being  formed  at  the  same  time : 

6KCy     +     Fe''H,0,    =    2KH0    -f-     K^Fe'^Cy^ 

8.  Ferrous  cyanide  with  aqueous  potash  : 

SF'^Cy,    -f     4KH0    =    2Fe''H,0,    +    K^Fe'^Cy^ 

4.  Aqueous  potassium  cyanide  with  metallic  iron :  if  the  air  be  exclnded, 
hydrogen  is  evolved : 

OKCy     4-     Fe     -f     20H,    =    K^Fe'^Cy,    -f     2KH0    -f    H,; 

but  if  the  air  has  access  to  the  liquid,  oxygen  is  absorbed,  and  no  hydrogen 
is  evolved  : 

6KCy     -f     Fe     -f     OH,    -f    0     =    K^Fe'^'Cy,    +    2KH0. 
6.  Ferrous  sulphide  with  aqueous  potassium  cyanide : 

6KCy    +     Fe'^S     =     K^S    +     K^Fe-'-^Cyf 
6.  Any  soluble  ferrous  salt  with  potassium  cyanide ;  «.  g, : 
6KCy     +     SO^Fc'-'    =    SO4K,    -|-     K^Fe'^Cy^ 

Potassium  ferrocyanide  is  manufactured  on  the  l&rge  scale  by  the  follow- 
ing process :  —  Dry  refuse  animal  matter  of  any  kind  is  fused  at  a  red  heat 
with  impure  potassium  carbonate  and  iron  filings,  in  a  large  iron  vessel, 
from  which  the  air  should  be  excluded  as  niuch  as  possible;  potassium 
cyanide  is  generated  in  large  quantity.  The  melted  mass  is  afterwards 
treated  with  hot  water,  which  dissolves  out  the  cyanide  and  other  salts,  the 
cyanide  being  quickly  converted  by  the  oxide  or  sulphide*  of  iron  into 
ferrocyanide.  The  filtered  solution  is  evaporated,  and  the  first-formed 
crystals  are  purified  by  re-solution.  If  a  suflScient  quantity  of  iron  be  not 
present,  great  loss  is  incurred  by  the  decomposition  of  the  cyanide  into  po- 
tassium  carbonate  and  ammonia. 

A  new  process,  for  the  preparation  of  potassium  ferrocyanide  baa  lately 
been  proposed  by  M.  G^lis.  It  consists  in  converting  carbon  bisulphide 
into  ammonium  sulphocarbonate  by  agitating  it  with  ammonium  sulphide: 
CS,  ■-{-  (NH^),S  =  (NH4)2CS,,  and  heating  the  product  thus  obtained  with 
potassium  sulphide,  whereby  potassium  sulphooyannte  (p  717)  is  formed, 
with  evolution  of  ammonium  sulphixie  and  hydrogen  sulpkide : 

2(NHJjCS,    -f    KgS    ==    2CNSK    -f    2(NH4)H8    +     8HJ3. 

■The  potassium  sulphocyanate  is  dried,  mixed  with  finely  divided  metallic 
iron,  and  heated  for  a  short  time  in  a  closed  iron  vessel  to  dull  redness, 
whereby  the  mixture  is  converted  into  potassium  ferrocyanide,  potassium 
sulphide,  and  iron  sulphide : 

6CNSK    4-     Fe,    =     K^Fe'^Cy,    -f-   5Fe''S    -f     K^S. 

By  treatment  with  water,  the  sulphide  and  ferrocyanide  of  potassium  are 
dissolved,  and  on  evaporation  the  ferrocyanide  is  obtained  in  crystals.  It 
remains  to  be  seen  whether  this  ingenious  process  is  capable  of  being 
carried  out  upon  a  large  scale. 

*  The  sulphnr  {■  derived  from  the  reduced  8ulphat«  .of  the  crude  peail-«0h«s  and  the  auiael 
■ubstauces  used  in  the  mauufuctore. 
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PotaBsiam  ferrocjanide  forms  large,  transparent,  yellow  crystals,  K^Fe^^ 
Cjg.8  Aq.,  derired  from  an  octobedron  with  a  square  base:  tbey  cleaye 
wiih  facility  in  a  direction  parallel  to  the  base  of  the  octohedron,  and  are 
toQgh  and  difficult  to  powder.  Tbey  dissolTC  in  4  parts  of  cold  and  2  parts 
of  boiling  water,  and  are  insoluble  in  alcohol.  They  are  permanent  in  the 
air,  and  have  a  mild  saline  taste.  The  salt  has  no  poisonous  properties, 
and,  in  small  doses  at  least,  is  merely  purgatiTe.  Exposed  to  a  gentle  heat, 
it  loses  8  molecules  of  water,  and  becomes  anhydrous :  at  a  high  tempera- 
ture it  yields  potassium  cyanide,  iron  carbide,  and  various  gaseous  pro- 
duets  ;  if  air  be  admitted,  the  cyanide  becomes  cyanate. 

Potassium  ferrocyanide  is  a  chemical  reagent  of  great  ralue :  when  mixed 
in  solution  with  neutral  or  slightly  acid  salts  of  the  heavy  metals,  it  gives 
rise  to  precipitates  which  very  frequently  present  highly  characteristic 
colors.  In  most  of  these  compounds  the  potassium  is  simply  displaced 
by  the  new  metal:  the  beautiful  brown  ferrocyanide  of  copper  contains, 
for  example,  Cu^',Fe^'Cy^  or  2Cu''Cy, .  Fe^'Cy,  and  that  of  lead,  Pb'^, 
Fe^^Cy,. 

With  ferrous  taltt,  potassium  ferrocyanide  gives  a  precipitate  which  is 
perfectly  white,  if  the  air  be  excluded  and  the  solution  is  quite  free  from 
ferric  salt,  but  quickly  turns  blue  on  exposure  to  the  air.  It  consists  of 
po(asn<h/errou3  ferrocyanide^  E,Fe^^,Cy^  or  potassium  ferrocyanide  having 
half  the  potassium  replaced  by  iron.  The  same  salt  is  produced  in  the 
preparation  of  hydrocyanic  acid  by  distilling  potassium  ferrocyanide  with 
dilute  sulphuric  acid  (p.  701). 

When  a  soluble  ferrocyanide  is  added  to  the  solution  of  9,  ferric  tally  a 
deep  blue  precipitate  is  formed,  consisting  oi  ferric  ferrocyanide,  Fe-Cy,j,  or 
Fe^'^^Fe^'aCy,,,  or  4Fe'''Cy, .  SFe'^Cy^  which  in  combination  with  18  mole- 
cules of  water  constitutes  ordinary  Prussian  blue.  This  beautiful  pigment 
is  best  prepared  by  adding  potassium  ferrocyanide  to  ferric  nitrate  or 
chloride : 

SK^Fe'^Cy,    +    2Fe/^',Cl«    =     12KC1    +    Fe^Cyig. 

It  is  also  formed  by  precipitating  a  mixture  of  ferrous  and  ferric  salts  with 
potassium  cyanide : 

18KCy    +    SFe^'Cl,    +     2Fe'''',Cle    =    18KC1    +    Fe^Cyjg. 

This  reaction  explains  Scheele's  test  for  prussic  acid  (p.  703).  Prussian 
blue  is  also  formed  by  the  action  of  air,  chlorine- water,  and  other  oxidizing 
agents,  on  potassio-ferrous  ferrocyanide ;  probably  thus: 

6K,Fe>'',Cy,    -f-     O,    =    Fe^Cy„    +     SK^Fe^'Cye    -f    ^^flv 

It  is  chiefly  by  this  last  reaction  that  Prussian  blue  is  prepared  on  the 
large  scale,  potassium  ferrocyanide  being  first  precipitated  by  ferrous  sul- 
phate,  and  the  resulting  white  or  light  blue  precipitate  either  left  to  oxidize 
by  contact  with  the  air,  or  subjected  to  the  action  of  nitric  acid,  chlorine, 
hypochlorites,  chromic  acid,  &o.  The  product,  however,  is  not  pure  ferric 
ferrocyanide:  for  it  is  certain  that  another  and  simpler  reaction  takes 
place  at  the  same  time,  by  which  the  potassio-ferrous  ferrocyanide,  (K,Fe^') 
Fe-^^Cyf,  is  converted,  by  abstraction  of  an  atom  of  potassium,  into  polos- 
tio-ferrous  ferrieyanide^  (KFe'')Fe'''Cyg,  which  also  possesses  a  fine  deep- 
blue  color.  Commercial  Prussian  blue  is,  therefore,  generally  a  mixture 
of  this  compound  with  ferric  ferrocyanide,  Fe^^'^Fe^'jCyjg,  the  one  or  the 
other  predominating  according  to  the  manner  in  which  the  process  is  con- 
ducted. 

Prussian  blue  in  the  moist  state  forms  a  bulky  precipitate,  which  shrinks 
to  a  comparatively  small  compass  when  well  washed  and  dried  by  a  gentle 
heat.     In  the  dry  state  it  is  hard  and  brittle,  much  resembling  in  appear* 
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anee  the  best  indigo :  the  freshly  fractured  surfaces  have  a  beaatiful  eof»> 
per-red  lustre,  similar  to  that  produced  hy  rubbing  indigo  with  a  hard 
body.  Prussian  blue  is  quite  insoluble  in  water  and  dilute  acids,  -with,  the 
exception  of  oxalio  acid,  in  a  solution  of  which  it  dissolves,  forming  a  deep- 
blue  liquid,  which  is  sometimes  used  as  ink:  concentrat«d  oil  of  Titriol 
converts  it  into  a  white,  pasty  mass,  which  again  becomes  blue  on  addition 
of  water.  Alkalies  destroy  the  color  instantly:  they  dissolve  out  a  ferro- 
cyanide,  and  leave  ferric  oxide.  Boiled  with  water  and  mercuric  oxide,  it 
yields  a  cyanide  of  the  met4il,  and  ferric  oxide.  Heated  in  the  air,  Prus- 
sian blue  burns  like  tinder,  leaving  a  residue  of  ferric  oxide.  Exposed  to 
a  high  temperature  in  a  close  vessel,  it  gives  off  water,  ammonium  cyanide, 
and  ammonium  carbonate,  and  leaves  carbide  of  iron.  It  forms  a  Tery 
beautiful  pigment,  both  as  oil  and  water  color,  but  has  little  permanency. 

Common  or  basic  Prussian  blue  is  an  inferior  article  prepared  by  pre- 
cipitating a  mixture  of  ferrous  sulphate  and  alum  with  potassium  ferrory- 
anide,  and  exposing  the  precipitate  to  the  air.  It  contains  alumina,  vrbicb 
impairs  the  color,  but  adds  to  the  weight. 

Soluble  Prussian  blue  is  obtained  by  adding  ferric  chloride  to  an  exce«s 
of  potassium  ferrocyanide ;  it  is  insoluble  in  the  siiUne  liquor,  but  soluble 
in  pure  water.  It  has  a  deep  blue  color,  and  probably  conaista  of  potasaio- 
ferrous  ferricyanide. 

HYDRoaEN  Febroctanide  or  IlTDRorRBBOCTAKio  AcTD,  H^Fc^^Cvg,  dis- 
covered by  Mr.  Porrctt,  is  prepared  by  decomposing  ferrocyanide  of  lead 
or  copper  suspended  in  water  by  a  stream  of  sulphuretted  hydrogen  gas. 
The  filtered  solution  evaporated  in  a  vacuum  over  oil  of  vitriol,  yields  the 
acid  in  the  solid  form.  If  the  aqueous  solution  be  agitated  with  ether, 
nearly  the  whole  of  the  acid  separates  in  colorless,  crystalline  laminae;  it 
may  even  be  made  in  large  quantity  by  adding  hydrochloric  acid  to  a  strong 
solution  of  potassium  ferrocyanide  in  water  free  from  air,  and  shaking  the 
whole  with  ether.  The  crystals  may  be  dissolved  in  alcohol,  and  the  acid 
again  thrown  down  by  ether.  Hydroferrocyanic  acid  differs  completely 
from  hydrocyanic  acid :  its  solution  in  water  has  a  powerfully  acid  ta«te 
and  reaction,  and  decomposes  alkaline  carbonates  with  effervescence:  it 
docs  not  dissolve  mercuric  oxide  in  the  cold,  but  when  heat  is  applied,  un- 
dergoes decomposition,  forming  mercuric  cyanide  and  ferrous  eyanide: 
H^Fe^'Cya  -|-  211g''0  =  2Hg^^Cy,  -}-  Fe'^Cy,  -\-  20H,;  but  the  ferrous  cy- 
anide is  immediately  oxidized  by  the  excess  of  mercuric  oxide,  with  sepa- 
ration of  metallic  mercury.  In  the  dry  state  the  acid  is  very  permanent, 
but  when  long  exposed  to  the  air  in  contact  with  water,  it  is  entirely  con- 
verted into  Prussian  blue. 

Sodium  ferrocyanide,  Na'^Fe'^Cy,  .  12  Aq.,  crystaUiies  in  yellow  four- 
sided  prisms,  which  are  efflorescent  in  the  air  and  very  soluble. 

Ammonium  ferrocyanide,  (NH^)^'Fe'^Cy, .  8  Aq.,  is  isomorphous  with  po- 
tassium ferrocyanide :  it  is  easy  soluble,  and  is  decomposed  by  eballition. 
Barium  ferrocyanide,  Ba^^Fe^^'Cye,  prepared  by  boiling  potassium  ferrocy- 
anide with  a  large  excess  of  barium  chloride,  or  Prussian  blue  with  baryta- 
water,  forms  minute  yellow,  anhydrous  crystals,  which  have  but  a  small  de- 
gree of  solubility  even  in  boiling  water.  The  corresponding  compounds 
of  itrontium,  calcium,  and  magnesium  are  more  freely  soluble.  The  ferro- 
cyanides  of  silver,  lead,  zinc,  manganese,  and  bismuth  are  white  and  insoluble : 
those  of  nickel  and  cobalt  are  pale-green  and  insoluble;  and,  lastly,  that  of 
copper  has  a  beautiful  reddish-brown  tint. 

There  are  also  several  double  ferrocyanides.  When,  for  example,  con- 
centrated solutions  of  calcium  chloride  and  potassium  ferrocyanide  are 
mixed,  a  sparingly  soluble  crystalline  precipitate  falls,  containing  £,Ca^^ 
Fe'^Cyg. 
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Ferrieifanides, 

These  salts  are  formed,  as  already  observed,  by  abstraction  of  metal  from 
the  ferrocyanides ;  iu  oiber  words,  by  the  action  of  oxidizing  agents. 

Potassium  Fkrbictanide,  E,Fe^^^Cy^  often  called  redprvtnate  ofpoteuih^ 
is  prepared  by  slowly  passing  chlorine,  with  agitation,  into  a  somewhat 
dilute  and  cold  solution  of  potassium  ferrocyanide,  until  the  liquid  acquires 
a  deep  reddish-green  color,  and  ceases  to  precipitate  a  ferric  salt  The 
solution  is  evaporated  until  a  skin  begins  to  form  upon  the  surface,  then 
filtered,  and  left  to  cool ;  and  the  salt  is  purified  by  re-crytitallization.  It 
forms  regular,  prismatic,  or  sometimes  tabular  crystals,  of  a  beautiful  ruby- 
red  tint,  permanent  in  the  air,  and  soluble  in  4  parts  of  cold  water:  the 
solution  has  a  dark-greenish  color.  The  crystals  burn  when  introduced 
into  the  fiame  of  a  candle,  and  emit  sparks.  The  salt  is  decomposed  by  ex- 
cess of  chlorine,  and  by  deoxidizing  agents,  as  sulphuretted  hydrogen. 

Uffdrojen  ftrrieyanide  is  obtained  in  the  form  of  a  reddish  brown  acid 
liquid,  by  decomp05iing  lead  ferricyanide  with  sulphuric  acid :  it  is  very 
unstable,  and  is  resolved,  by  boiling,  into  hydrated  ferric  cyanide,  an  in- 
soluhle  dark-green  powder  containing  Fe^Cy^  .  8  Aq.,  and  hydrocyanic  acid. 
The  ferricyanides  of  todium^  ammonium,  and  of  the  alkaline  eartfu,  are  sol- 
uble ;  those  of  most  of  the  other  metals  are  insoluble.  Potassium  ferri- 
cyanide, added  to  a  ferric  salt,  occasions  no  precipitate,  but  merely  a  dark- 
ening of  the  reddish-brown  color  of  the  solution;  with  ferrout  talU,  on  the 
other  hand,  it  gives  a  deep  blue  precipitate,  consisting  of  ferrotia  ferricyamde, 
Fe,Cy,, .  X  Aq.,  or  Fe'^jFe^'',Cy,, .  x  Aq.,  which,  when  dry,  has  a  brighter 
tint  than  Prussian  blue :  it  is  known  under  the  name  of  TumbuWi  blue. 
Hence,  potassium  ferricyanide  is  as  delicate  a  test  for  ferrous  salts  as  the 
yellow  ferrocyanide  is  for  ferric  salts. 

CoBALTicTANiDES. — This  name  is  applied  to  a  series  of  compounds  analo- 
gous to  the  preceding,  containing  cobalt  in  place  of  iron ;  a  hydrogen-acid 
has  been  obtained,  and  a  number  of  salts,  which  much  resemble  the  ferri- 
cyanides. Several  other  metals  of  the  same  isomorphous  family  are  found 
capable  of  replacing  iron  in  these  compounds. 

NiTBOP&nssEDXs  — The  action  of  nitric  acid  upon  ferrocyanides  and  fer- 
ricyanides gives  rise  to  the  formation  of  a  very  interesting  series  of  new 
salts,  which  were  discovered  by  Dr.  Playfair.  The  general  formula  of 
these  salts  appears  to  be  M,(NO)Fe^^Cyg,  which  exhibits  a  close  relation 
with  those  of  the  ferro-  and  ferricyanides. 

The  formation  of  the  nitroprussides  appears  to  consist  in  the  reduction 
of  the  nitric  acid  to  the  state  of  nitrogen  dioxide  or  nitrosyl,  NO,  which 
replaces  1  molecule  of  metallic  cyanide,  MCy,  in  a  molecule  of  ferricyanide, 
MjFe^'^Cyj.  The  formation  of  these  salts  is  attended  by  the  production 
of  a  variety  of  secondary  products,  such  as  cyanogen,  oxamide,  hydrocyanic 
acid,  nitrogen,  carbonic  acid,  &c.  One  of  the  finest  compounds  of  this 
series  is  the  nitroprusside  of  sodium,  Na,fNO)Fe^'Cyj.  2  Aq.,  which  is  readily 
obtained  by  treating  2  parts  of  the  powdered  ferrocyanide  with  5  parts  of 
cominon  nitric  acid  previously  diluted  with  its  own  volume  of  water.  The 
solution,  after  the  evolution  of  gas  has  ceased,  is  digested  on  the  water-bath, 
until  ferrous  salts  no  longer  yield  a  blue,  but  a  slate-colored  precipitate. 
The  liquid  is  now  allowed  to  cool,  when  much  potassium  nitrate,  and  occa- 
sionally oxamide,  is  deposited :  it  is  filtered  and  neutralized  with  sodium 
carbonate,  which  yields  a  green  or  brown  precipitate,  and  a  ruby-colored 
filtrate.  This,  on  evaporation,  gives  a  crystallization  of  the  nitrates  of  po- 
tassium and  sodium,  together  with  the  nitroprusside.  The  crystals  of  the 
60 
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latter  are  selected  and  purified  by  crystallization ;  they  are  rhombic  and 
of  a  i-plendid  ruby  color.  The  soluble  nitroprussides  strike  a  most  beau- 
tiful  violet  tint  with  soluble  sulphides.  This  reaction  is  recommended  by 
Pluyfair  as  the  most  delicate  tesi  for  alkaline  sulphides. 


ALCOHOLIC  CTANIDES  OR  DTBROCTANIC  ETHERS. 

These  compounds  play  an  important  pari  in  organic  chemistry :  we  hare 
already  had  occasion  to  notice  them  several  times  in  speaking  of  the  con- 
version of  alcohols  into  acids  containing  a  greater  number  of  carbon-atoms. 

The  cyanides  of  univalent  alcohol-radicals  may  also  be  regarded  as  com- 
pounds of  nitrogen  with  trivalent  radicals:  hence  they  are  often  called 
nitriUt;  thus : 


Hydrogen  cyanide  IT  .  CN 
Meth>l  cyanide  C  H,.CN 
Ethyl  cyanide  C,H,.CN 
Propyl  cyanide  C,H, .  CN 
Phenyl  cyanide       C.Uj .  ON 


(C  H  )'''N  Methenyl  nitrile. 

(C,H,K''N  Ethenyl  nitrile. 

(C,Hj)'''N  Propenyl  nitrile. 

( C^  U  ^ )  '^'N  Quarteny i  nitrile. 

(Cjll^y^S  Benzonitrile. 


These  alcoholic  cyanides  are  produced : 

1.  By  distilling  a  mixture  of  potassium  cyanide  and  the  potAssium-salt 
of  ethylsulphuric  or  a  similar  acid: 

+        CN .  C,H, 
£thyl 
cyanide. 

2.  By  the  dehydrating  action  of  phosphoric  oxide  on  the  amlnonium- 
salts  of  the  corresponding  acids  containing  the  radicals  0^11^— lO  and 
CnHjB— 7O  ;  thus  : 

CjH.Oj.NH^        —         20II,         =         C,H,N 
Ammonium  Ethenyl 

acetate.  nitrile. 


CNK        + 

SO.(C,H,)K        = 

SO^K, 

Potassium 

Potassium 

Potassium 

cyanide. 

ethyl-sulphate. 

sulphate. 

C^H50,.NH4 

Ammonium 

benzoate. 


—         20H.        = 


C,H,N 
Benzonitrile. 


The  bodies  obtained  by  these  two  processes  are  oily  liquids,  exhibiting 
the  same  properties  whether  prepared  by  the  first  or  the  second  method, 
excepting  that  those  obtained  by  the  latter  have  an  aromatic  fragrant  odor, 
whereas  those  prepared  by  the  former  have  a  pungent  and  repulsive  odor, 
due  to  the  presence  of  certain  isomeric  compounds,  to  be  noticed  farther 
on.  Methyl  cyanide^  Ethenyl-nitrile^  or  AcetonitriU,  boils  at  77**  C.  (170®F  ); 
Ethyl  aianidf,  or  Propenyl-nitrih,  at  82''  C.  (180°  F.);  Butyl  cyanide,  or 
Valeronifrile,  at  1250-128°  C.  (257°-2(j2°  F.)  ;  Amyl  cyanide,  or  Caproptnlr, 
at  146°  C.  (296°  F  );  Phenyl  cyanide,  or  Bemonitrile,  at  190  6°  C.  (375°  F.). 

All  these  cyanides,  when  heated  with  fuming  sulphuric  acid  or  sulphu- 
*  ric  oxide,  undergo  the  decomposition  already  mentioned  (p.  682),  yielding 
sulpho-acids.  By  heating  with  caustic  potash  or  soda,  they  are  resolved 
into  ammonia  and  the  corresponding  fatty  or  aromatic  acid,  just  as  hydro- 
cyanic acid  similarly  treated  is  resolved  into  ammonia  and  formic  acid ; 
thus: 


CNH 

Hydrogen 
cyanide. 


+ 


2H,0        = 


NH, 


+ 


CH,0, 

Formio 

acid. 
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CN.C.Hj        +        2H,0         =         NH,         +         C,H,0, 

Ethyl  Propionic 

cyanide.  acid. 

CN.C.H,        +        2H,0         =         NH,         +         C^H.O, 
Phenyl  Benzoic  acid, 

cyanide. 

Etkene  cyanide,  (C,H4)^'^(CN),,  is  obtained  by  distilling  potassium  cyanide 
with  ethene  bromide : 

CjH^Br,    -f     2CNK    =    2KBr     +    C,H^(CN),. 

It  19  a  crystalline  body,  melting  at  60°,  and  converted  by  alcoholic  potash 
into  ammonia  and  succinic  acid: 

C,H^(CN),    +    4H,0    =    2NH,    +    C4H,04. 

IsocYANiDES.  —  On  examining  the  equations  jnst  given  for  the  decompo- 
sition of  the  alcoholic  cyanides  under  the  influence  of  alkalies,  it  is  easy 
to  see  that  the  reaction  might  be  supposed  to  take  place  in  a  different  way, 
each  cyanide  or  nitrile  yielding,  not  ammonia  and  an  acid  containing  the 
same  number  of  carbon-atoms  as  itself,  but  an  alcoholic  ammonia,  or 
amine,  and  formic  acid ;  thus : 

CN.C.H^        +        2H,0        =        NH-C.Hj        -f        CH,0, 
Ethyl  Ethyl-  Formic 

cyanide.  amine.  acid. 

In  the  one  case  the  alcohol-radical  remains  united  with  the  carbon,  pro- 
ducing a  homologue  of  formic  acid,  together  with  ammonia;  in  the  other 
it  remains  united  with  the  nitrogen,  producing  a  homologue  of  ammonia, 
together  with  formic  acid. 

A  class  of  cyanides  exhibiting  the  second  of  these  reactions  has  lately 
been  discovered  by  Dr.  Hofmann.'*^  They  are  obtained  by  distilling  a 
mixture  of  an  alcoholic  ammonia-base  and  chloroform  with  alcoholic  potash ; 
for  example : 

C,H^N        +        CHCl,        =        8HC1        +        C^H^N 
Aiuliue.  Chloro-  Phenyl- 

form.  isocyanide. 

The  potash  serves  to  neutralize  the  hydrochloric  acid  produced,  which 
would  otherwise  quickly  decompose  the  isocyanide.  Phenyl  isocyanide, 
when  freed  from  excess  of  aniline  by  oxalic  acid,  then  dried  with  oaustic 
potash  and  rectified,  is  an  oily  liquid,  green  by  transmitted,  blue  by  re- 
flected light,  and  having  an  intolerably  pungent  and  suffocating  odor.  It 
is  isomeric  with  benzonitrile,  and  is  resolved  by  boiling  with  dilute  acids 
into  formic  acid  and  aniline : 

C^HjN        -f        2H,0        =        CH,0,        -f-        CeH^N. 

It  is  a  remarkable  fact  that,  whereas  the  normal  alcoholic  cyanides  are 
easily  decomposed  by  boiling  alkaline  solutions,  the  isocyanides  are 
scarcely  altered  by  alkalies,  but  are  easily  hydrated  under  the  influence 
of  acids. 

The  isocyanides  of  ethyl  and  amyl  have  been  obtained  by  similar  pro- 
cesses; also  by  the  action  of  ethylic  and  amvlic  iodides  on  silver  cyanide. 
They  resemble  the  phenyl  compound  in  their  reactions,  and  are  also  char- 
acterized by  extremely  powerful  odors.  The  repulsive  odor  possessed  by 
the  normal  alcoholic  cyanides  when  prepared  by  distilling  potassium  cya- 

*  Proceedinffi  of  the  Royal  Society,  xvi.  144, 148, 150. 
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nide  with  the  eihjl-sulpbate,  appears  to  be  due  to  the  presenee  of  small 
quantities  of  these  isocyanides. 

The  difference  of  constitution  between  the  normal  cjanides  and  the  iso- 
cyanides  may  be  represented  by  the  following  formulas,*  taking  the  methjl 
compounds  lor  example : 

^    tCH,  "  ICH, 

Cyanide.  Isocyanide. 

In  the  isocyanide  the  carbon  belonging  to  the  alcohol- radical  is  united  di- 
rectly with  the  nitrogen;  in  the  isocyanide,  only  through  the  medium  of 
the  carbon  belonging  to  the  cyanogen. 

This  difference  of  structure  may  perhaps  account  for  the  difference  in  the 
reactions  of  the  cyanides  and  isocyanides  under  the  influence  of  hydrating 
agents;  thus: 

C{CH,         +        2H.0        =        NH.        +         c{o^ 
Methyl  cyanide.  Ammonia.  Acetic  acid. 

n{oII,        +        2H,0        =     N{«J,^     +        c|o^ 
Methyl  isocyanide.  Methylamine.         Formic  acid. 


Cyanio  and  Cyanorie  Aeids. 

These  are  two  remarkable  polymeric  bodies,  related  in  a  Tery  close  and 
intimate  manner,  and  presenting  phenomena  of  great  intere^t.  Cyaate 
acid  is  formed  as  a  potassium-salt,  in  conjunction  with  potassium  cyanide, 
when  cyanogen  gas  is  transmitted  over  heated  hydrate  or  carbonate  of  po- 
tassium,  or  passed  into  a  solution  of  the  alkaline  base,  the  reaction  reseni- 
bling  that  by  which  potassium  chlorate  and  potassium  chloride  are  generated 
when  chlorine  is  passed  into  a  solution  of  potash,  (p.  18<>.)  Potassium 
cyanate  is,  moreover,  formed  when  the  cyanide  is  exposed  to  a  high  tem- 
perature with  access  of  air :  unlike  the  chlorate,  it  bears  a  full  red  heat 
without  decomposition. 

Cyanic  Acid,  CNHO,  is  procured  by  heating  to  dull  redness  In  a  hard 
glass  retort  connected  with  a  receiver  cooled  by  ice,  cyanuric  acid  deprived 
of  its  water  of  crystallization.  The  cynnuric  acid  is  resolved,  without  any 
other  product,  into  cyanic  acid,  which  condenses  in  the  receiver  to  a  limpid, 
colorless  liquid,  of  exceedingly  pungent  and  penetrating  odor,  like  that  of 
the  strongest  acetic  acid:  it  even  blisters  the  skin.  When  mixed  with 
water,  it  decomposes  almost  immediately,  giving  rise  to  ammonium  bicar- 
bonate : 

CNHO        -f        Oil,        =        CO,        -f        NHy 

This  is  the  reason  why  the  acid  cannot  be  separated  from  a  cyanate  by 
a  stronger  acid.  A  trace  of  cyanic  acid,  however,  always  escapes  decom- 
position, and  communicates  to  the  carbon  dioxide  evolved  a  pungent  smell 
similar  to  that  of  sulphurous  acid.  The  cyanates  may  be  easily  distin- 
guished by  this  smell,  and  by  the  simultaneous  formation  of  an  ammonia- 
salt,  which  remains  behind. 

Pure  cyanic  acid  cannot  be  preserved :  shortly  after  its  preparation  it 
changes  spontaneously,  with  sudden  elevation  of  temperature,  into  a  solid, 
white,  opaque,  amorphous  substance,  called  cyamelide.     This  curious  body 

*  AaquHy  Lalwratorj,  p.  411. 
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has  the  same  composition  as  cyanic  acid:  it  is  insoluble  in  water,  alcohol, 
ether,  anvl  dilute  acids:  it  dissoWes  in  strong  oil  of  vitriol  by  the  aid  of 
heat,  with  evolution  of  carbon  dioxide  and  production  of  ammonia;  boiled 
with  solution  of  caustic  alkali;  it  dissolves,  ammonia  being  disengaged,  and 
a  mixture  of  cjanate  and  cyanurate  of  the  base  generated.  By  dry  distil- 
lation it  is  again  converted  into  cyanic  acid. 

Potojuium  Cyanafey  CNKO. — The  best  method  of  preparing  this  salt  is, 
according  to  Liebig,  to  oxidize  potassium  cyanide  with  litharge.  The 
cyanide,  already  containing  a  portion  of  cyanate,  described  at  page  704, 
is  re-melted  in  an  earthen  crucible,  and  finely  powdered  lead  oxide  added 
by  small  portions :  the  oxide  is  instantaneously  reduced,  and  the  metal,  at 
first  in  a  state  of  minut«  division,  ultimately  collects  to  a  fused  globule  at 
the  bottom  of  the  crucible.  The  salt  is  poured  out,  and,  when  cold,  pow- 
dered and  boiled  with  alcohol;  the  hot  filtered  solution  deposits  crystals 
of  potassium  cyanate  on  cooling.  The  great  deoxidizing  power  exerted  by 
potassium  cyanide  at  a  high  temperature  promises  to  render  it  a  valuable 
agent  in  many  of  the  finer  metallurgic  operations. 

Another  method  of  preparing 4he  cyanate  is  to  mix  dried  and  finely-pow- 
dered potassium  ferrocyanide  with  half  its  weight  of  equally  dry  manganese 
dioxide ;  heat  this  mixture  in  a  shallow  iron  ladle,  with  free  exposure  to 
air  and  frequent  stirring,  until  the  tinder-like  combustion  is  at  an  end; 
and  boil  the  residue  in  alcohol,  which  extracts  the  potassium  cyanate. 

This  salt  crystallizes  from  alcohol  in  thin,  colorless,  transparent  plates, 
which  suffer  no  change  in  dry  air,  but  on  exposure  to  moisture  are  gradu- 
ally converted,  without  much  alteration  of  appearance,  into  potassium  bi- 
carbonate, ammonia  being  at  the  same  time  given  off.  Water  dissolves  po- 
tassium cyanate  in  large  quantity :  the  solution  is  slowly  decomposed  in 
the  cold,  and  rapidly  at  a  boiling  heat,  into  potassium  bicarbonate  and  am- 
monia. When  a  concentrated  solution  is  mixed  with  a  small  quantity  of 
dilute  mineral  acid,  a  precipitate  falls,  consisting  of  acid  potassium  cyanu- 
rate.  Potassium  cyanate  is  reduced  to  cyanide  by  ignition  with  charcoal 
in  a  covered  crucible.  Mixed  with  solutions  of  lead  and  silver,  it  gives 
rise  to  white  insoluble  cyanates  of  those  metals. 

Ammonium  ei/anate  ;  Ureei.  — When  the  vapor  of  cyanic  acid  is  mixed  with 
excess  of  ammoniacal  gas,  a  white,  crystalline,  solid  substance  is  produced, 
which  has  all  the  characters  of  a  true,  although  not  neutral  ammonium 
cyanate.  It  dissolves  in  water,  and  if  mixed  with  an  acid,  evolves  carbon 
dioxide:  with  an  alkali,  it  yields  ammonia.  If  the  solution  be  heated,  or 
if  the  crystals  be  merely  exposed  for  a  certain  time  to  the  air,  a  portion  of 
ammonia  is  dissipated,  and  the  properties  of  the  compound  are  completely 
changed.  It  may  now  be  mixed  with  acids  without  the  least  sign  of  de- 
composition, and  does  not  evolve* the  smallest  trace  of  ammonia  when 
treated  with  cold  caustic  alkali.  The  result  of  this  curious  metamorphosis 
of  the  cyanate  is  urea,  a  product  of  the  animal  body,  the  chief  and  charac- 
teristic constituent  of  urine.  This  transformation,  the  discovery  of  which 
is  due  to  Wohler,  is  especially  interesting  as  the  first  instance  of  the  arti- 
ficial formation  of  a  product  of  the  living  organism.  The  properties  of 
urea,  and  th^  most  advantageous  methods  of  preparing  it,  will  be  found 
described  a  few  pages  hence. 

Ctanubic  Acid,  CsN^HjOj.  —  The  substance  called  melam,  of  which  fur- 
ther mention  will  be  made,  is  dissolved  by  gentle  heat  in  concentrated  sul- 
phuric a<^d,  the  solution  mixed  with  20  or  80  parts  of  water,  and  the  whole 
maintained  at  a  temperature  approaching  the  boiling  point,  until  a  speci- 
men of  the  liquid,  on  being  tried  by  ammonia,  no  longer  gives  a  white  pre- 
cipitate.: several  days  are  required  to  effect  this  change.  The  liquid,  con- 
.    60* 
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cent  rated  by  evaporation,  deposits  on  cooling  cyan  uric  acid,  whieli  is 
purified  by  re-crystallization.  Another,  and  perhaps  simpler  ninihod,  is  to 
heat  dry  and  pure  urea  in  a  ilask  or  retort :  the  substance  melts,  boila,  gives 
off  amtitonia  in  large  quantity,  and  at  length  becomes  converted  into  a 
dirty-white,  solid,  amorphous  mass,  which  is  impure  eyanuric  acid.  This 
is  dissolved  by  the  aid  of  heat  in  strong  oil  of  vitriol,  and  nitric  acid 
added  by  small  portions  till  the  liquid  becomes  nearly  colorless:  it  is  then 
mixed  with  water,  nud  left  to  cool,  whereupon  the  eyanuric  acid  separates. 
The  urea  may  likewise  be  decomposed  very  conveniently  by  gently  heating 
It  in  a  tube,  while  dry  chlorine  or  hydrochloric  acid  gss  passes  over  it.  A 
mixture  of  eyanuric  acid  and  sal-ammoniac  results,  which  is  separated  by 
dissolving  the  latter  in  water. 

Cyan  uric  acid  forms  colorless  efflorescent  crystals,  seldom  of  large  size, 
derived  from  an  oblique  rhombic  prism.  It  is  very  little  soluble  in  cold 
water,  and  requires  24  parts  for  solution  at  a  boiling  heat:  it  reddens  lit- 
mus feebly,  has  no  odor,  and  but  little  taste.  The  acid  is  tribasic:  the 
crystals  contain  CjNjHgO, .  2  Aq.,  and  are  easily  deprived  of  their  water  of 
crystallization.  In  point  of  stability,  eyanuric  acid  offers  a  most  remark- 
able contrast  to  its  isomer,  cyanic  acid  ;  it  dissolves,  as  above  indicated,  in 
hot  oil  of  vitriol,  and  even  in  strong  nitric  acid,  without  decomposition, 
and,  in  fact,  crystallizes  from  the  latter  in  the  anhydrous  state.  Long- 
continued  boiling  with  these  powerful  agents  resolves  it  into  ammonia  and 
carbonic  acid. 

The  connection  between  cyanic  acid,  urea,  and  eyanuric  acid,  may  be 
thus  recapitulated : 

Ammonium  cyanate  is  converted  by  heat  Into  urea. 

Urea  is  decomposed  by  the  same  means  into  eyanuric  acid  and  ammonia. 

Cyanuric  ncid  is  changed  by  a  very  high  temperature  into  cyanic  acid, 
ono  molecule  of  cyanuric  acid  splitting  into  3  molecules  of  cyanic 
acic. 

Ethyl  Ctanatb  and  Ctanurate. — When  a  dry  mixture  of  potassium 
cyanate  and  ethylsulphate  is  distilled,  a  product  is  obtained  which  consists 
of  a  mixture  of  the  above  ethers.  They  are  separated  without  difficulty, 
the  cyanate  boiling  at  60®  C.  (140**  F.),  while  the  boiling  point  of  thecyao- 
urate  is  much  higher  —  namely,  270**  C.  (628**  F.).  Ethyl  cyanate,  CNO. 
C^Ug,  is  a  mobile  liquid,  the  vnpor  of  which  excites  a  flow  of  tears.  Its 
formation  is  represented  by  the  equation, 

CNOK    +     S0/C,Il5)K     =     SO4K,     -f     CNO.CjHj. 

Ethyl  cyanurate  contains  C^NgOg.  (CjH^),:  it  arises  in  this  reaction  from 
the  coalescence  of  3  molecules  of  ethyl  cyanate.  It  may  be  Ukewise  ob> 
tained  by  distilling  a  mixture  of  potassium  ethylsulphate  and  cyanurate. 
Ethyl  cyanurate  is  a  crystalline  mass,  slightly  soluble  in  water,  readilr 
soluble  in  alcohol  and  ether,  melting  at  85°  C  (186®  F.).  By  substituting 
for  potassium  ethylsulphate,  salts  of  methyl-  and  amyl-sulphurio  acid,  the 
corresponding  methyl-  and  amyl- com  pounds  maybe  obtained. 

The  study  of  the  cyanic  and  cyanuric  ethers,  which  were  fliscovcred  by 
Wurtz,  has  led  to  very  important  results,  which  will  be  fully  described  in 
the  section  on  the  Organic  Bases. 

FuLMiNic  AciT).  —  This  remarkable  compound,  which  is  polymeric  both 
with  cyanic  and  cyanuric  acids,  originates  in  the  peculiar  action  exercised 
by  nitrous  acid  iipon  alcohol  in  presence  of  a  salt  of  silver  or  mercury. 
The  acid  itself,  or  hydrogen  fulminate,  has  not  been  obtained. 

Silver  fulminate  is  prepared  by  dissolving  40  or  60  grains  of  silver,  which 
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need  not  be  pure,  in  about  f  oi.  by  .measure  of  nitric  acid  of  sp.  gr.  1'87, 
by  the  aid  of  a  little  heat.  To  the  highly  acid  solution,  while  still  hot,  2 
measured  ounces  of  alcohol  are  added,  and  heat  is  applied  until  reaction 
commences.  The  nitric  acid  oxidizes  part  of  the  alcohol  to  aldehyde  and 
oxalic  acid,  becoming  itself  reduced  to  nitrous  acid,  which,  in  turn,  acts 
upon  the  alcohol  in  such  a  manner  as  to  form  nitrous  ether,  fulminic  acid, 
and  water,  1  molecule  of  nitrous  ether  and  1  molecule  of  nitrous  acid 
containing  the  elements  of  1  molecule  of  fulminic  acid  and  2  molecules  of 
water : 

NOjC-Hj     +     NO,H     =     C,N,H,0,     +     20H,. 
Ethyl  nitrite.        Nitrous  Fulminic 

acid.  acid. 

The  silver  fulminate  slowly  separates  from  the  hot  liquid  in  the  form  of 
small,  brilliant,  white,  crystalline  plates,  which  may  be  washed  with  a  little 
cold  water,  distributed  upon  separate  pieces  of  filter-paper  in  portions  not 
exceeding  a  grain  or  two  each,  and  left  to  dry  in  a  warm  place.  When 
dry,  the  papers  are  folded  up  and  preserved  in  a  box.  The  only  perfectly 
safe  method  of  keeping  the  salt  is  by  immersing  it  in  water.  Silver  fulmi- 
nate is  soluble  in  36  parts  of  boiling  water,  but  the  greater  part  crystallizes 
out  on  cooling:  it  is  one  of  the  most  dangerous  substances  known,  ex- 
ploding with  fearful  violence  when  strongly  heated,  or  when  rubbed  or 
struck  with  a  hard  body,  or  when  touched  with  concentrated  sulphuric 
acid :  the  metal  is  reduced,  and  a  large  volume  of  gaseous  matter  suddenly 
liberated.  Strange  to  say,  it  may,  when  very  cautiously  mixed  with  cop- 
per oxide,  be  burned  in  a  tube  with  as  much  facility  as  any  other  organic 
substance.  Its  composition  thus  determined  is  expressed  by  the  formula 
C,N,0^\g,. 

Fulminic  acid  is  bibasio:  when  silver  fulminate  is  digested  with  caustic 
potash,  one-half  of  the  silver  is  precipitated  as  oxide,  and  a  silver  potastium 
fulminatey  C^N^OjAgK,  is  produced,  which  resembles  the  neutral  silver-salt, 
and  detonates  by  a  blow.  Corresponding  compounds  containing  sodium  or 
ammonium  exist ;  but  a  pure  fulminate  of  an  alkali-metal  has  never  been 
formed.  If  silver  fulminate  be  digested  with  water  and  copper,  or  zinc, 
the  silver  is  entirely  displaced,  and  a  fulminate  of  the  other  metal  produced. 
The  zinc-salt  mixed  with  baryta-water  gives  rise  to  a  precipitate  of  zinc 
oxide,  while  zinco-barie  fulminate,  (CjNjOj)jZn''Ba'',  remains  in  solution. 
Mercuric  fulminate,  Cj,NjOjIfg'^  is  prepared  by  a  process  very  similar  to  that 
by  which  the  silver-salt  is  obtained :  one  part  of  mercury  is  dissolved  in 
12  parts  of  nitric  acid,  and  the  solution  mixed  with  an  equal  quantity  of 
alcohol ;  gentle  heat  is  applied,  and  if  the  reaction  becomes  too  violent,  it 
may  be  moderated  by  the  addition  from  time  to  time  of  more  spirit :  much 
carbonic  acid,  nitrogen,  and  red  vapors  are  disengaged,  together  with  a 
large  quantity  of  nitrous  ether  and  aldehyde :  these  are  sometimes  con- 
densed and  collected  for  sale,  bat  are  said  to  contain  hydrocyanic  acid. 
The  mercuric  fulminate  separates  from  hot  liquid,  and  after  cooling  may 
be  purified  from  an  admixture  of  reduced  metal  by  solution  in  boiling  wa- 
ter and  re-crystallization.  It  much  resembles  the  silver  salt  in  appear- 
ance, properties,  and  degree  of  solubility.  It  explodes  violently  by  friction 
or  percussion,  but,  unlike  the  silver  compound,  merely  burns  with  a  sud- 
den and  almost  noiseless  flash  when  kindled  in  the  open  air.  It  is  manu- 
factured on  a  large  scale  for  the  purpose  of  charging  pereutiion-eapa  ;  sul- 
phur and  potassium  chlorate,  or  more  frequently  nitre,  are  added,  and  the 
powder,  pressed  into  the  cap,  is  secured  by  a  drop  of  varnish. 

The  relation  of  composition  between  the  three  isomeric  acids  are  beauti- 
fully seen  by  comparing  their  silver  salts :  the  first  acid  is  monobasic,  the 
second  bibasic,  and  the  third  tri basic : 
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Silver  oyanate CNOAg. 

Silver  fulminate C^fi^g^ 

Silver  cyanurate         ....     G^NgO^Ag^ 

Until  lately,  beyond  that  of  identity  of  composition,  no  relation 
known  to  exist  between  fulminic  acid  and  its  isomers.  Dr.  Gladstone  baa, 
however,  shown  that,  when  a  solution  of  copper  fulminate  is  mixed  with 
excess  of  ammonia,  filtered,  treated  with  sulphuretted  hydrogen  in  excess^ 
and  again  filtered  from  the  insoluble  copper  sulphide,  tbe  liquid  obtained 
is  a  mixed  solution  of  urea  and  ammonium  sulpfaocyanate. 

Another  view  regarding  the  constitution  of  fulminic  acid  was  proposed 
by  Gerhardt.  The  fulminates  may  be  considered  as  methyl  cyanide  (aceio- 
nitrile),  in  which  one  atom  of  hydrogen  is  replaced  by  NO,  and  2  atoms  of 
hydrogen  by  mercury  or  silver: 

CNCHHH Methyl  cyanide. 

CNC(NO,)Ag,  .         .         Silver  fulminate. 

CNC(N02)Hg''^       .        .        .        Mercuric  fuhninate. 

This  view  has  received  some  support  by  the  interesting  observation, 
lately  made  by  KekuU,  that  the  action  of  chlorine  upon  mercuric  fulminate 
gives  rise  to  the  formation  of  chloropicrin,  CCl^NO,  (p.  538),  a  substance 
originally  obtained  by  Stenhouse,  which  may  be  viewed  as  chloroform,  the 
hydrogen  of  which  is  replaced  by  NO^  The  connection  of  fulminic  acid 
with  the  methyl  series  is  thus  established. 

FuLMiNURio  Acid,  CgN,H,0,.  —  This  acid,  isomeric  with  cyanurie  acid, 
was  discovered  simultaneously  by  Liebig  and  by  Schischkoff.  It  Is  ob- 
tained by  the  action  of  a  soluble  chloride  upon  mercuric  fulminate.  On 
boiling  mercuric  fulminate  with  an  aqueous  solution  of  potassium  chloride, 
the  mercury-salt  gradually  dissolves,  and  the  clear  solution,  after  some 
time,  becomes  turbid,  in  consequence  of  a  separation  of  mercuric  oxide ; 
it  then  contains  potassium  fulminurate : 

8C.N,0,Hg''  +  8KC1  +  OH,  =  4KC1  +  2HgCl,  +  Hg^-'O  +  2C,N,0,HK, 
Mercuric  Potassium 

fulminate.  fulminurate. 

If,  instead  of  potassium  chloride,  sodium  or  ammonium  chloride  be  em- 
ployed, the  corresponding  sodium  and  ammonium-compounds  are  obtained. 
The  fulminurates  crystalliie  with  great  facility  ;  they  are  not  explosive. 

Fulminuric  acid  has  the  same  composition  as  cyanurie  acid,  but  it  is 
monobasic,  whereas  cyanurie  acid  is  tribasic. 

Ctanogbh  Chlorides. — Chlorine  forms  with  cyanogen,  or  its  elements, 
two  compounds,  which  are  polymeric,  and  correspond  to  cyanic  and  cyan- 
uric  acids.  Gaseotu  eyanogfn  chloride,  CyCl,  is  formed  by  passing  chlorine 
gas  into  anhydrous  hydrocyanic  acid,  or  by  passing  chlorine  over  moist 
mercuric  cyanide  contained  in  a  tube  sheltered  from  the  light.  It  is  a  per- 
manent and  colorless  gas  at  the  temperature  of  the  air,  of  insupportable 
puqgenoy,  and  soluble  to  a  very  considerable  extent  in  water,  alcohol,  and 
ether.  At  — 18®  C.  (0®  F.)  it  congeals  to  a  mass  of  colorless  crystals,  which 
at  —15°  C.  (6°  F.)  melt  to  a  liquid  whose  boiling  point  is  —11  6°  C  (13° 
F.).  At  the  temperature  of  the  air  it  is  condensed  to  the  liquid  form  under 
a  pressure  of  four  atmospheres,  and  when  long  preserved  in  this  condition 
in  hermetically  sealed  tubes  gradually  passes  into  the  polid  modification. 

On  passing  gaseous  cyanogen  chloride  into  a  solution  of  ammonia  in 
anhydrous  other,  ammonium  chloride  iti  deposited,  and  the  ether  contains 
ctfanamidr,  CNjH,.  in  solution,  from  which  it  separates  on  evaporation  in 
the  crystalline  form.  Cyanamiile  is  easily  soluble  in  water,  alcohol,  and 
ether;  it  melts  at  40°  C.  (104°  ¥.). 
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Solid  eyanogtn  ehloride^  C^fi]^  or  Cy^CI,,  is  generated  when  anhydrous 
hydrocyanic  acid  is  put  into  a  vessel  of  chlorine  gas,  and  the  whole  exposed 
to  the  sun :  hydrochloric  acid  is  formed  at  the  same  time.  It  forms  long 
colorless  needles,  which  exhale  a  powerful  and  offensive  odor,  compared  by 
some  to  that  of  the  excrement  of  mice ;  it  melts  at  140°  C.  (284°  F.),  and 
sublimes  unchanged  at  a  higher  temperature.  When  heated  in  contact 
with  water,  it  is  decomposed  into  cyanuric  and  hydrochloric  acids.  It  dis- 
solves in  alcohol  and  ether  without  decomposition. 

CTANoaKN  Bromidk  AND  loDiDE  corrcspond  to  the  first  of  the  preceding 
compounds,  and  are  prepared  by  distilling  bromine  or  iodine  with  mercuric 
cyanide.     They  are  colorless,  volatile,  solid  substances,  of  powerful  odor. 

Ctanooen  Sulphide,  C^K^S,  or  Cy^,  recently  obtained  by  Linnemann 
by  the  action  of  cyanogen  iodide  upon  silver  sulpbocyanate,  crystallizes 
in  transparent,  volatile,  rhombic  plates,  having  an  odor  similar  to  that  of 
cyanogen  iodide.  It  molts  at  60°,  but  decomposes  rapidly  at  a  higher  tem- 
perature ;  dissolves  in  ether,  alcohol,  and  water,  and  separates  from  hot 
concentrated  solutions,  on  cooling,  in  the  crystalline  form. 

Balphooyanic  Acid,  CNHS.  —  This  acid  is  the  sulphur  analogue  of  cyanic 
acid,  and,  like  the  latter,  is  monobasic,  the  sulphocyanates  of  monad  metals 
being  represented  by  the  formula  CNSM. 

Poiassium  tulphocyanate^  CNSK.  —  To  prepare  this  salt,  yellow  potassium 
ferrocyanide,  deprived  of  its  water  of  crystallization,  is  intimately  mixed 
with  half  its  weight  of  sulphur,  and  the  whole  heated  to  tranquil  fusion  in 
an  iron  pot,  and  kept  for  some  time  in  that  condition.  When  cold,  the 
melted  mass  is  boiled  with  water,  which  dissolves  out  a  mixture  of  potas- 
sium sulpbocyanate  and  iron  sulpbocyanate,  leaving  little  behind  but  the 
excess  of  sulphur.  This  solution,  which  becomes  red  on  exposure  to  the 
air,  from  oxidation  of  the  iron,  is  mixed  with  potassium  carbonate,  by 
which  the  iron  is  precipitated,  and  potassium  substituted:  an  excess  of 
the  carbonate  mu^t  be,  as  far  as  possible,  avoided.  The  filtered  liquid  is 
concentrated,  by  evaporation  over  an  open  lire,  to  a  small  bulk,  and  left  to 
cool  and  crystallize.  The  crystals  are  drained,  purified  by  re-solution,  if 
necessary,  or  dried  by  enclosing  them,  spread  on  filter-paper,  over  a  sur- 
face of  oil  of  vitriol  covered  with  a  bell -jar. 

The  reaction  between  the  sulphur  and  the  potassium  ferrocyanide  is 
represented  by  the  equation : 

K^Fe^'C^N,        +        S,        =        4CNSK        +        (CNS),Fe'' 

Another,  and  even  better  process,  consists  in  gradually  heating  to  low 
redness  in  a  covered  vessel  a  mixture  of  46  parts  of  dried  potassium  fer- 
rocyanide, 32  of  sulphur,  and  17  of  pure  potassium  carbonate.  The  mass 
is  exhausted  with  water,  the  aqueous  solution  is  evaporated  to  dryness, 
and  the  residue  is  exhausted  with  alcohol.  The  alcoholic  liquid  deposits 
splendid  crystals  on  cooling  or  evaporation. 

Potassium  sulpbocyanate  crystallizes  in  long,  slender,  colorless  prisms, 
or  plates,  which  are  anhydrous:  it  has  a  bitter  saline  taste,  and  is  desti- 
tute of  poisonous  properties:  it  is  very  soluble  in  water  and  alcohol,  and 
deliquesces  when  exposed  to  a  moist  atmosphere.  When  heated,  it  melts 
to  a  colorless  liquid,  at  a  temperature  far  below  that  of  ignition. 

When  chlorine  is  passed  into  a  strong  solution  of  potassium  sulpbocya- 
nate, a  large  quantity  of  a  bulky,  deep  yellow,  insoluble  substance,  re- 
sembling some  varieties  of  lead  chromatc,  is  produced,  together  with  potas- 
sium chloride ;  the  liquid  sometimes  assumes  a  deep-red  tint,  and  emits  a 
pungent  vapor,  probably  cyanogen  chloride.  The  yellow  matter  may  be 
collected  on  a  filter,  well  washed  with  boiling  water,  and  dried:  it  retains 


718  CYANOGEN   COMPOUNDS. 

its  brilliancy  of  tint.  It  was  formerly  called  aulphaqfonogen^  from  its  sap- 
posed  identity  with  the  radical  of  the  sulphocyanates :  it  is,  however,  ioTa- 
riably  found  to  contain  hydrogen,  and  is  represented  by  the  formula 
CjNjHS,.  The  yellow  substance,  now  generally  called  perw^hoetfttwgtiL,  is 
quite  insoluble  in  water,  alcohol,  and  ether:  it  dissolves  in  coBcentnted 
sulphuric  acid,  from  which  it  is  precipitated  by  dilution.  Caustic  potuh 
also  dissolves  it,  with  decomposition ;  acids  throw  down  from  this  solution 
a  pale-yellow,  insoluble  body,  having  acid  properties.  When  heated  in 
the  dry  state,  it  evolves  sulphur  and  carbon  bisulphide,  and  leaves  a  pale, 
straw-yellow  substance,  called  kydromellone,  C^N^H^  the  decomposition 
being  represented  by  the  equation : 

3CjN,HS,        =        3CS,         4-        S,        4-        CjX^y 

ITydrogen  Su^phocyanate,  or  Ilydromlphocyanie  Add,  CNSH,  is  obtained  bj 
decomposing  lead  sulphocyanate,  suspended  in  water,  with  sulphuretted 
hydrogen.    The  filtered  solution  is  colorless,  very  acid,  and  not  poisonous; 
it  is  easily  decomposed,  in  a  very  complex  manner,  by  ebullition,  and  by 
exposure  to  the  air.     By  neutralizing  the  liquid  with  ammonia,  and  evapo- 
rating very  gently  to  dryness,  ammonium  sulphocyanate,  CNSXH^,  is  obtained 
as  a  deliquescent,  saline  mass.     The  salt  may  be  conveniently  prepared  by 
digesting  hydrocyanic  acid  with  yellow  ammonium  sulphide  (containing 
excess  of   Fulphur),   and  boiling  off  the  excess  of  the  l*»tter:  2CXH  — 
(NH^),S  4-  S,  =  HjS  -f  2CNS(NH J.    The  sulphocyanates  of  todhnn,  harivm, 
etron.wmj  calcium^  manganese,  and  iron,  are  colorless  nnd  very  soluble:  those 
of  lead  and  silver  are  white  and  insoluble.     A  soluble  sulphocyanate  mixed 
with  a  ferric  salt  gives  no  precipitate,  but  causes  the  liquid  to  assume  a 
deep  blood-red  tint:  hence  the  use  of  potassium  sulphocyanate  as  a  test 
for  iron  in  the  state  of  ferric  salt.     The  red  color  produced  by  sulphocya- 
nates in  ferric  solutions  is  exactly  like  that  caused  under  similar  circum- 
stances by  mcconic  acid.     The  two  substances  may,  however,  be  readily 
distinguished  by  the  addition  of  a  solation  of  gold  chloride,  which  de- 
stroys  the  color  produced  by  sulphocyanates.     The  ferric  meconate  mav 
also  be  distinguished  from  the  sulphocyanide,  as  Everitt  has  shown,  by  an 
addition  of  corrosive  sublimate,   which  bleaches  the   sulphocyanate,  but 
has  little  effect  upon  the  meconate.     This  is  a  point  of  considerable  prac- 
tical importance,  as  in  medico-legal  inquiries,  in  which  evidence  of  the 
presence  of  opium  is  sought  for  in  complex  organic  mixtures,  the  detec- 
tion of  meconic  acid  is  usually  the  object  of  the  chemist:  and  since  traces 
of  alkaline  sulphocyanide  are  to  be  found  in  the  saliva,  it  becomes  very 
desirable  to  remove  that  source  of  error  and  ambiguity. 

The  great  facility  with  which  hydrocyanic  acid  may  be  conTcrted  into 
ammonium  sulphocyanate  enables  us  to  ascertain  its  presence  by  the  iron 
test  just  described.  The  cyanide  to  be  examined  is  mixed  in  a  watch-glass 
with  some  hydrochloric  acid,  and  covered  with  another  watch-glass,  to 
which  a  few  drops  of  yellow  ammonium  sulphide  adhere.  On  heating  the 
mixture,  hydrocyanic  acid  is  disengaged,  which  combines  with  the  am- 
monium sulphide,  and  produces  ammonium  sulphocyanate  :  this,  after  ei- 
pulsion  of  the  excess  of  sulphide,  yields  the  red  color  with  solution  of  ferric 
chloride. 

SuLPHOCTANic  Ethers.  —  Thcso  ethers  exhibit  isomeric  modification^ 
probably  analogous  to  those  of  the  alcoholic  cyanides  and  isocyanides  (p. 
711).  The  normal  sulphocyanates  of  methyl  and  its  homologues  were  d\i- 
covered  by  Cahours ;  *  and  quite  recently  ilofmann  has  obtained  the  corre- 
sponding isosulpbocyanates.f     The  same  chemist  some  years  ago  obtained 
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phenyl  isosulpbocyanate.*    Allyl  isosulphocyanate  has  long  been  known  as 
a  natural  product. 

Normal  Ethyl  Sulphoeyanate,  C  <  ep  rr  ,  is  obtained  by  saturating  a  con- 
centrated solution  of  potassium  sulphocyanate  with  ethyl  chloride : 

C{L        +        CACl        =        KCl       +       C{N,^„^, 

al9o  by  distilling  a  mixture  of  calcium  ethylsulphate  and  potassium  sulpho- 
cyanate. It  is  a  mobile,  colorless,  strongly  refracting  liquid,  having  a  some- 
what pungent  odor,  like  that  of  raercapUn.  It  boils  at  \A&^  C.  (295<'  F.)  With 
ammonia  it  does  not  combine  directly,  but  yields  products  of  decomposition. 
The  methyl  and  amyl  sulphocyanic  ethers  resemble  the  ethyl  compound, 
and  are  obtained  by  similar  processes.  The  methyl  ether  boils  at  about 
IZ2?  C.  (270*'  F.);  the  amyl  ether  at  197*>  C.  (887«>  F.). 

Ethyl  Itotulphocyanate,  ^  \  n  ii  i  is  produced  by  distilling  diethyl-sul- 
phocarbamide  with  phosphoric  oxide,  which  abstracts  ethylamine: 

Diethyl-sulpho*  Ethylamine.  Ethyl  isosul- 

carbamide.  phocyanate. 

This  ether  differs  essentially  in  all  its  properties  from  ethyl  sulphocyan- 
ate. It  boils  at  134^  C.  (273^  F.),  and  has  a  powerfully  irritating  odor, 
like  that  of  mustard-oil,  and  quite  different  from  that  of  normal  ethyl-sul- 
phocyanate.  It  unites  directly  with  ammonia  in  alcoholic  solution,  forming 
etbylsulphocarbamide,  N2(CS)^^rC2Hg)H,,  and  forms  similar  compounds  with 
m^thylaniine  and  ethylamine.  The  pungent  odor  and  the  direct  combina- 
tion with  ammonia  and  amines,  are  characteristic  of  all  the  ethers  of  this 
group. 

Phenyl  Tsosulphoqfanatt,  N(CS)''(CgHj),  is  obtained  by  distilling  phenyl- 
sulphocarbamide,  N2(CS)^^(C0Hj)H|.  with  phosphoric  oxide:  naphthyl  iso- 
Bul phocyanate,  N(CS)^^(C,oHf),  in  like  manner  from  dinaphthylsulpho- 
carbamide.     The  former  boils  at  220<'  C.  (428°  F.). 

Allyl  hotulphoeyanatef  ^  {  n  ir'^    •  —  ^^is  is  the  intensely  pungent  Tolatile 

oil  obtained  by  distilling  the  seeds  of  black  mustard  with  water.  It  does 
not  exist  ready  formed  in  the  seeds,  but  is  produced  by  the  decomposition 
of  myronic  acid  under  the  influence  of  myrosin,  an  albuminous  substance 
analogous  to  the  synaptase  of  bitter  almonds  (see  p.  579).  The  same 
compound,  or  perhaps  its  isomer,  normal  ethylsulphocyanate,  is  produced 
by  the  action  of  potassium  sulphocyanate  or  siWer  sulphocyanate,  on  allyl 
iodide  or  allyl  oxide.  Oil  of  mustard  is  a  trannparent,  colorless,  strongly 
refracting  oil,  possessing  in  the  highest  degree  the  sharp  penetrating  odor 
of  blftck  mustard.  The  smallest  quantity  of  the  Taper  excites  tears,  and  is 
apt  to  produce  inflammation  of  the  eyes.  It  has  a  burning  taste,  and  rapidly 
blisters  the  skin.  Its  specific  gravity  is  1*009  at  15°.  It  boils  at  148°  C. 
(298°  F.).  It  is  sparingly  soluble  in  water,  easily  soluble  in  alcohol  and 
ether;  dissolves  sulphur  and  phosphorus  when  heated,  and  deposits  them 
in  the  crystalline  state,  on  cooling.  It  is  violently  oxidized  by  nitric  and 
by  nitromuriatic  acids.  Heated  in  a  sealed  tube  with  potassium  monosul- 
phide,  it  yields  potassium  sulphocyanate  and  allyl  sulphide  (volatile  oil  of 
garlic,  p.  646) : 

2NCS(C,H,)        +        K,S        =        2CNSK        -f-        (CjH^)^. 
*  ProcewUngi  of  the  Royal  Society,  iz.  274, 487, 
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It  likewise  yields  jfurlic  oil  when  decomposed  by  potuRsinin.  Heated  to 
120°  in  a  sealed  tube  wilh  pulverized  »oda-linie,  it  yields  sodium  sulpho* 
cyanate  and  allyl  oxide,  the  oxidized  constituent  of  garlic  oil : 

2NCS(C,H5)        -f      Na,0        =        2CNSNa      -f-         {C^Vi^\0, 

Aqueous  potash,  soda,  baryta,  and  the  oxides  of  lead,  silver,  and  mercury, 
in  presence  of  water,  convert  oil  of  mustard  into  tiMpotint,  C,Hi,N,0,  with 
formation  of  metallic  sulphide  and  carbonate;  thus: 

2NCS(C,HJ    +    8PbO    -I-    OH,    =    2Pb8    -f-    CO^Pb    +    CtH^N^O. 

Sinapoline  is  a  basic  substance,  which  crystallizes  in  colorless  plates, 
soluble  in  water  and  alcohol,  and  having  a  distinct  alkaline  reaction. 

Oil  of  mustard  unites  readily  with  ammonia,  forming  Ihiowinamine,  C4H, 

f(CS) 
NS.NH,,  or  allyl-aulphocarbamide,  N-^  C.H.,  which  is  also  a  basic  com- 


r(CS) 

iVfc,  nJ  C,H^,  whi( 


pound,  forming  colorless  prismatic  crystals,  having  a  bitter  taste  and  solu- 
ble in  water.  The  solution  does  not  affect  test-paper.  Thiosinamine  melts 
when  heated,  but  cannot  be  sublimed.  Acids  combine  with  it^liut  do  not 
form  crystallizable  salts:  the  double  salts  of  the  hydrochloride  with  pla- 
tinic  and  mercuric  chloride  are  the  most  definite. 

Thiosinamine  is  decomposed  by  metallic  oxides,  as  lead  oxide  or  mercuric 
oxide,  with  production  of  a  metallic  sulphide  and  ainamine,  C^H^N^  a  basic 
compound  which  crystallises  very  slowly  from  a  concentrated  aqueous  so- 
lution in  brilliant,  colorless  crystals  containing  water.  It  has  a  powerfully 
bitter  taste,  is  strongly  alkaline  to  test-paper,  and  decomposes  ammonium 
salts  at  the  boiling  heat.  Its  oxalate  is  crystallizable.  The  formation  of 
sinamine  from  thioninamine  by  the  action  of  mercuric  oxide  is  represented 
by  the  equation  CJIgN^  -f-  HgO  =  HgS  -f  OH,  -f  CJl.N^ 

SeleniocyanatM.  —  A  series  of  salts  containing  selenium,  and  correspond- 
ing in  composition  and  properties  with  the  sulphocyanates,  have  been  dis- 
covered and  examined  by  Mr.  Crookes.* 

Ifelam. — This  name  is  given  by  Liebig  to  a  buff-colnred,  insoluble, 
amorphous  substance,  obtained  by  the  distillation  of  ammonium  sulphocy- 
anate  at  a  high  temperature.  It  may  be  prepared  in  large  quantity  by  in- 
timately mixing  1  part  of  perfectly  dry  potassium  sulphocyanate  with  2 
parts  of  powdered  sal-ammoniac,  and  heating  the  mixture  for  some  time  in 
a  retort  or  flask:  carbon  bisulphide,  ammonium  sulphide,  and  sulphuretted 
hydrogen,  are  disengaged  and  volatilized,  while  a  mixture  of  melam,  potas- 
sium chloride,  and  sal-ammoniac  remains:  the  two  latter  substances  are 
removed  by  washing  with  hot  water.  Melam  contains  0,H,Nf| :  it  dissolves 
in  concentrated  sulphuric  acid,  and  gives,  by  dilution  with  water  and  long 
boiling,  cyanuric  acid.  The  same  substance  is  produced,  with  disengage- 
ment of  ammonia,  when  melam  is  fused  with  potassium  hydrate.  When 
strongly  heated,  melam  is  resolved  into  mellone  and  ammonia. 

If  melam  be  boiled  for  a  long  time  in  a  moderately  strong  solution  of 
caustic  potash,  until  the  whole  has  dissolved,  and  the  liquid  be  then  con- 
centrated, a  crystalline  substance  separates  on  cooling,  which  is  called 
melamme.  By  re-crystallization  it  is  obtained  in  colorless  crystals,  having 
the  figure  of  an  octohedron  with  rhombic  base:  it  is  but  slightly  soluble  in 
cold  water,  fusible  by  heat.  Melamine  is  also  formed  on  heating  cyana- 
mide  to  150®  G.  (802®  F.),  and  even  on  evaporating  an  aqueous  solution  of 
that  substance.  It  contains  CgH^N^,  and  acts  as  a  base,  combining  with 
aoids  to  form  crystallizable  compounds.     A  second  basic  substance,  called 

*  Joornul  of  the  Chemical  Society,  iv.  12. 
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ammelinB^  very  similar  in  properties  to  melamine,  is  found  in  the  alknline 
mother-liquor  from  which  the  melamine  has  separated :  it  is  thrown  down  on 
neutralizing  the  liquid  with  acetic  acid.  The  precipitate,  dissolved  in  di- 
lute nitric  acid,  yields  crystals  of  animeline  nitrate,  from  which  the  pure 
ammeline  may  be  separated  by  ammonia  It  forms  a  brilliant  white  pow- 
der composed  of  minute  needles,  insoluble  in  water  and  alcohol,  and  con- 
tains C,H^NjO.  When  ammeline  is  dissolved  in  concentrated  sulphuric 
acid,  and  the  solution  mixed  with  a  large  quantity  of  water,  or,  better, 
spirit  of  wine,  a  white,  insoluble  powder  falls,  which  is  called  amtnelide^  and 
is  found  to  contain  C^HgN^O,. 

By  the  action  of  acids  or  alkalies,  melamine  maybe  converted  into  amme- 
line, ammelide,  and,  lastly,  into  cyanurio  acid,  water  being  assimilated 
and  ammonia  evolved : 

Melamine.  Ammeline. 

2C^H^^fi    -f        H,0        =        CeH.N.O,       -j-        NH, 
Anuneline.  Ammelide. 

C.H.N.O,    +      3H,0        =       2C,H,NgO,       +      8NH,. 
Ammelide.  Cyan  uric  acid. 

Xellone  and  its  Componnds.  —  The  formation  of  mellone  as  a  residuary 
product  of  the  action  of  heat  on  persulphocyanogen,  and  upon  melam,  has 
been  already  mentioned.  This  substance,  which  does  not  appear  to  have 
been  obtained  in  a  state  of  purity,  possesses  the  properties  of  nn  organic 
radical.  At  a  high  temperature  it  combines  directly  with  potassium,  pro- 
ducing a  well-defined  saline  compound,  tripotastie  mellonide^  C9II13K,,  and 
the  same  salt  is  produced  in  the  action  of  mellone  upon  potassium  bromide 
and  iodide,  bromine  and  iodine  being  liberated.  A  better  method  of  pre- 
paring it  consists  in  fusing  crude  mellone  with  potassium  sulphocyanate. 
It  may  also  be  produced  by  fusing  the  ferrocyanide  with  half  its  weight  of 
sulphur.  The  fused  mass  obtained  by  either  process  is  dissolved  in  boiling 
water,  from  which  the  tri-potassic  mellonide  crystallizes  on  cooling,  and 
may  be  purified  by  repeated  crystallization.  Acetic  acid  converts  this  salt 
into  dipotassic  mellonide,  C^HuK^H,  which  is  also  soluble.  Hydrochloric 
acid  produces  the  monopotassic  salt,  CgN,,KH,,  which  is  insoluble.  These 
three  salts  stand  to  each  other  in  the  same  relation  as  the  several  salts  of 
phosphoric  and  cyanuric  acids.  Tripotassic  mellonide  produces  with  solu- 
ble silver-snlts  a  white  precipitate,  CgNijAgg;  with  lead-salts  and  mercury- 
salts,  precipitates  containing  respectively  C,gN20Pb,,  and  CigN^Iig,.  The 
latter  dissolved  in  hydrocyanic  acid,  and  treated  with  sulphuretted  hydro- 
gen, yields  hydromcllonic  acid,  C^NijHg.  It  is  known  only  in  solution, 
which  has  an  acid  taste:  on  evaporation  it  is  decomposed. 


UREA.  — URIC  ACID  AND  ITS  PRODUCTS. 

These  bodies  are  closely  connected  with  the  cyanogen-compounds,  and 
may  be  most  conveniently  discussed  in  the  present  place. 

ITrea,  CN,H^O. — Urea  maybe  extracted  from  it.s  natural  source,  the 
urine,  or  it  may  be  prepared  by  artificial  means.  Fresh  urine  is  concen- 
trated in  a  water-bath,  until  reduced  to  nn  eighth  or  a  tenth  of  its  original 
volume,  and  filtered  through  cloth  from  the  insoluble  deposits  of  urates 
and  phosphates.  The  liquid  is  mixed  with  about  an  equal  quantity  of  a 
strong  solution  of  oxalic  acid  in  hot  water,  and  the  whole  vigorously  agi- 
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tated  and  left  to  cool.  A  very  copious  fawn-colored  crystalline  precipitate 
of  urea  oxalate  is  obt»inod,  which  mny  be  placed  upon  a  cloth  filter.  olightW 
washed  with  cold  water,  and  pressed.  This  is  to  be  dissoWed  in  boiliui: 
water,  and  powdered  chalk  added  until  eifervescence  ceases,  and  the  liiiuai 
becomes  neutral.  The  solution  of  urea  is  filtered  from  the  inEoluble  cal- 
cium oxalate,  warmed  with  a  little  animal  charcoal,  again  filtered,  and  con- 
centrated by  eyaporation,  avoiding  ebuUiiion,  until  crystals  form  on  cool- 
ing: these  are  purified  by  a  repetition  of  the  last  part  of  the  proces«L 
Urea  may  be  extracted  in  great  abundance  from  the  urine  of  horses  and 
cattle  duly  concentrated,  and  from  which  the  hippuric  acid  has  been  sepa- 
rated by  addition  of  hydrochloric  acid;  oxalic  acid  then  throws  down  ibe 
oxalate  in  such  quantity  as  to  render  the  whole  semi-solid.  Another  pro- 
cess consists  in  precipitating  the  evaporated  urine  with  concentrated  nitric 
acid,  when  urea  nitrate  is  precipitated,  which  is  purified  by  re-crvstallizft- 
tion  with  animal  charcoal,  and,  lastly,  decomposed  by  barium  carbonate, 
whereby  a  mixture  of  barium  nitrate  and  urea  is  formed,  which  is  to  be 
evaporated  to  dryness  on  the  water-bath,  and  exhausted  with  hot  alcohol  ; 
the  urea  then  crystallizes  on  cooling. 

Urea  is  produced  artificially  by  heating  a  solution  of  ammonium  eva- 
nate.  The  following  method  of  proceeding  yields  it  in  any  quantity  t bat 
can  be  desired.  Potassium  cyanate,  prepared  by  Liebig's  process  (p.  713  . 
is  dissolved  in  a  small  quantity  of  water,  and  a  quantify  of  dry  neutral 
ammonium  sulphate,  equal  in  weight  to  the  cyanate,  is  added.  The  whole 
is  evaporated  to  dryness  in  a  water-bath,  and  the  dry  residue  boiled  with 
strong  alcohol,  which  dissolves  out  the  urea,  leaving  the  potassium  sul- 
phate and  the  excess  of  ammonium  sulphate  untouched.  The  filtered  solo- 
tion,  concentrated  by  distilling  off  a  portion  of  the  spirit,  deposits  the 
urea  in  beautiful  crystals  of  considerable  size. 

Urea  forms  transparent,  colorless,  four-sided  prisms,  which  are  sDhr- 
drous,  soluble  in  an  equal  weight  of  cold  water,  and  in  a  much  smaller 
quantity  at  a  high  teuipcrnture.  It  is  also  readily  dissolved  by  alcohol 
It  is  inodorous,  has  a  cooling  saline  taste,  and  is  permanent  in  the  air, 
unless  the  latter  be  very  damp.  When  heated  it  melts,  and  at  a  higher 
temperature  decomposes,  with  evolution  of  ammonia  and  ammonium  cja- 
nate ;  cyanuric  acid  remains,  which  bears  a  much  greater  heat  without 
change.  The  solution  of  urea  is  neutral  to  test-paper:  it  is  not  decom- 
posed in  the  cold  by  alkalies  or  by  calcium  hydrate,  but  at  a  boiling  heat 
emits  ammonia,  and  forms  a  metallic  carbonate.  The  same  change  biip- 
pens  by  fusion  with  the  alkaline  hydrates,  and  when  urea  is  heated  with 
water,  in  a  sealed  tube,  to  a  temperature  above  100^: 

COH^N,        4-        H,0        =        CO,        -\-        2Nir,. 

Urea  contains,  in  fact,  the  elements  of  ammonium  carbonate  minus  the  ele- 
ments of  water:  COg{NH^)g  —  2H,0,  and  has  accordingly  been  suppo.«tti 
to  be  identical  with  carbamide  Recent  experiments  have  shown,  boweTer, 
that  it  is  isomeric,  not  identical  with  that  compound,  inasmuch  as,  when 
heated  with  a  large  excess  of  potassium  permanganate  in  presence  of  mucli 
free  alkali,  it  gives  off  all  its  nitrogen  in  the  free  state  as  gas,  whereas 
when  amides  apd  ammonium-salts  are  thus  treated,  the  whole  of  the  nitro- 
gen is  pxidiyed  to  nitric  acid.*  The  difference  of  constitution  between  the 
three  isomeric  compounds  —  ammonium  cyanate,  urea,  and  carbamide- 
may  perhaps  be  represented  by  the  following  formulae : 


C 


{ONH,  CJNH,  CJNH. 


Ammonium  cyanate.  Urea.  Carbamide. 

*  WinJ.lyn  and  Gamget,  Chem.  Soc.  Jonmal  [2],  vi.  26. 
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A  solution  of  pure  urea  sbows  no  tendency  to  change  by  keeping,  and  is 
not  decomposed  by  boiling ;  in  the  urine,  on  the  other  hand,  where  it  is 
associated  with  putrefiable  organic  matter,  as  mucus,  the  case  is  different. 
In  putrid  urine  no  urea  can  be  found,  but  enough  ammonium  carbonate  to 
cause  brisk  effervescence  with  an  acid;  and  if  urine,  in  a  recent  state, 
be  long  boiled,  it  gives  off  ammonia  and  carbonic  acid  from  the  same 
source. 

Urea  is  instantly  decomposed  by  nitrout  acid  into  carbon  dioxide,  nitro« 
pen,  and  water:  COH^N,  -f-  2N0,II  =  CO,  +  2N,  -f  3H,0;  this  decompo- 
sition explains  the  use  of  urea  in  preparing  nitric  ether  (p.  626).  When 
chlorine  gat  is  passed  over  melted  urea,  hydrochloric  acid  and  nitrogen  are 
evolyed,  and  there  remains  a  mixture  of  sal-ammoniac  and  cyanurio  acid: 

eCOn^N,  +   3C1,  —  2C5H,NjO,  +  4Nn^Cl  -f  2nci  +   N,; 

but  by  chlorine  in  presence  of  water,  or  by  hypochlorovs  aeid^  it  is  resolved 
into  hydrochloric  acid,  carbon  dioxide,  water,  and  nitrogen : 

COH^N,    -f    3CinO    =    8HCI    +     CO,    -f-    2n,0    +    Ny 

Urea  acts  as  a  base :  with  nitric  acid  it  forms  a  sparingly  soluble  com- 
pound, which  crystallizes,  when  pure,  in  small,  indistinct,  colorless  plates, 
containing  COH4N,  .  NO3H.  When  colorless  nitric  acid  is  added  to  urine 
concentrated  to  a  fourth  or  a  sixth  of  its  volume,  and  cold,  the  nitrate 
crystallizes  out  in  large,  brilliant,  yellow  laminae,  which  are  very  insoluble 
in  the  acid  liquid.  The  production  of  this  nitrate  is  highly  characteristio 
of  urea.  The  oxalate,  (COH^N^),.  CjHjO^,  when  pure,  crystallizes  in  large, 
transparent,  colorless  plates,  which  have  an  acid  reaction,  and  are  spar- 
ingly soluble.  Urea  forms  several  compounds  with  metallic  salts,  e.  g.^ 
with  those  of  mercury.  On  mixing  a  liquid  containing  urea  with  a  solution 
of  mercuric  nitrate^  a  white  precipitate  is  formed  consisting  of  COILN. .  2HgO. 
If  the  nitric  acid  which  is  thus  set  free  be  neutralized  by  the  addition  of  an 
alkali  or  baryta- water,  the  whole  of  the  urea  is  removed  from  the  liquid 
in  the  form  of  the  above  compound.  Liebig  has  based  upon  this  reaction 
a  process  of  determining  the  amount  of  urea  in  urine:  2  volumes  of  urine 
are  mixed  with  1  volume  of  a  baryta-solution  prepared  with  2  volumes 
baryta-water  saturated  in  the  cold,  and  1  volume  of  a  solution  of  barium- 
nitrate  also  saturated  in  the  cold  ;  the  liquid  is  filtered  from  the  precipi- 
tated sulphate  and  phosphate  of  barium ;  and  a  graduated  solution  of  mer- 
curic nitrate  is  added  to  a  measured  quantity  of  this  filtered  liquid  (about 
15  c.c.)  till  a  sample  taken  out  gives  a  yellow  precipitate  with  sodium  car- 
bmate.  It  is  convenient  to  dilute  the  mercuric  solution  to  such  a  degree 
that  1  cubic  centimetre  of  it  shall  correspond  to  0-01  grm.  of  urea.* 

A  series  of  substances  analogous  to  urea,  which  are  known  under  the 
names  of  methyl-urea,  ethyl-urea,  biethyl-urea,  &c.,  will  be  noticed  in  the 
section  on  Organic  Bases. 

Uric  Acid,  CjN^H^O,;  formerly  called  Lithic  acid.  — This  acid  is  a  product 
of  the  animal  organism,  and  has  never  been  formed  by  artificial  means.  It 
may  be  prepared  from  human  urine  by  concentration  and  addition  of  hy- 
drochloric acid,  and  crystallizes  out  after  some  time  in  the  form  of  small, 
reddish,  translucent  grains,  very  difficult  to  purify.  A  much  preferable 
method  is,  to  employ  the  solid  white  excrement  of  serpents,  which  can 
be  easily  procured:  this  consists  almost  entirely  of  uric  acid  and  ammo- 
nium urate.  It  is  reduced  to  powder,  and  boiled  in  dilute  polution  of  caus- 
tic potash :  the  liquid,  filtered  from  the  insignificant  residue  of  feculent 

•  Respectlnir  cert»iii  precantloiM  to  bn  ohw^rrH  In  p*»rfrtmiinK  thta  procoaa,  see  the  arttolo 
**  Urine,**  by  Dr.  Michael  Foeter,  in  Watta'a  Dictionary  of  Gheniwtry. 
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matter  and  earthy  phosphates,  is  mixed  with  excess  of  hydrochloric  aci<l, 
boiled  for  a  few  minutes,  and  left  to  cool.  The  product  is  collected  on  a 
filter,  washed  until  free  from  potassium  chloride,  and  dried  by  gentle 
heat. 

Uric  acid,  thus  obtained,  forms  a  glistening,  snow-white  powder,  taste- 
less, inodorous,  and  very  sparingly  soluble,  it  is  seen  under  the  micro- 
scope to  consist  of  minute,  but  regular  crystals.  It  dissoWes  in  coDcen- 
trated  sulphuric  acid  without  apparent  decomposition,  and  is  precipitated 
by  dilution  with  water.  By  destructiye  distillation,  uric  acid  yields ejanic 
acid,  hydrocyanic  acid,  cnrbon  dioxide,  ammonium  carbonate,  and  a  b!ack 
coaly  residue,  rich  in  nitrogen.  By  fusion  with  potassium  hydrate,  it  yields 
potassium  carbonate,  cyanate,  and  cyanide.  When  treated  with  nitric  acid 
and  with  lead  dioxide,  it  undergoes  decomposition  in  a  manner  to  be  pres- 
ently described. 

Uric  acid  is  bibasic :  its  most  important  salts  are  those  of  the  alkali- 
metals.  Add  potassium  urate^  C^N^HgKO,.  is  deposited  from  a  hot  saturated 
solution  of  uric  acid  in  the  dilute  alkali,  as  a  white,  spnringly  soluble,  con- 
crete mass,  composed  of  minute  needles:  it  requires  about  500  parts  of 
cold  water  for  solution,  is  rather  more  soluble  at  a  high  temperature,  aod 
much  more  soluble  in  excess  of  alkali.  Sodium  urate  resembles  the  potas- 
sium-salt :  it  forms  the  chief  constituent  of  the  gouty  concretions  in  the 
joints  called  chalk-stones,  Ammomum  urate  is  also  a  sparingly  soluble  com- 
pound, requiring  for  solution  about  1000  parts  of  cold  water:  the  solubility 
is  Tory  much  increased  by  the  presence  of  a  small  quantity  of  certain 
salts,  as  sodium  chloride.  The  most  common  of  the  urinary  deposits, 
forming  a  buff-colored  or  pinkish  cloud  or  niuddiness,  which  disapprar* 
by  re-solution  when  the  urine  is  warmed,  consists  of  a  mixture  of  different 
urates. 

Uric  acid  is  perfectly  well  characterized,  even  when  in  very  email  quan- 
tity, by  its  behavior  with  nitric  acid.  A  small  portion  mixed  with  a  drop 
or  two  of  nitric  acid  in  a  small  porcelain  capsule  dissolves  with  copious 
effervescence.  When  this  solution  is  cautiously  evaporated  nearly  to  dry- 
ness, and,  after  the  addition  of  a  little  water,  mixed  with  a  slight  excess 
of  ammonia,  a  deep-red  tint  of  murexide  is  immediately  produced. 

Impure  uric  acid,  in  a  remarkable  state  of  decomposition,  is  now  im- 
ported into  this  country,  in  large  quantities,  for  use  as  a  manure,  under 
the  name  of  guano  or  huano.  It  comes  chiefly  from  the  barren  and  unin- 
habited islets  of  the  western  coast  of  South  America,  and  is  the  production 
of  the  countless  birds  that  dwell  undisturbed  in  those  regions.  The  people 
of  Peru  have  used  it  for  ages.  Guano  usually  appears  as  a  pale-brown 
powder,  sometimes  with  whitish  specks :  it  has  an  extremely  offensive  odor, 
the  strength  of  which,  however,  varies  very  much.  It  is  soluble  in  great 
part  in  water,  and  the  solution  is  found  to  be  extremely  rich  in  oxalate  of 
ammonia,  the  acid  having  been  generated  by  a  process  of  oxidation.  Guano 
also  contains  a  peculiar  substance  called  guanine,  which  will  be  described 
further  on. 

Products  formed  from  Uric  Acid  by  Oxidation,  ^e. 

Uric  acid  is  remarkable  for  the  facility  with  which  it  is  altered  by  oxi- 
dizing agents,  and  the  great  number  of  definite  and  crystallizable  compounds 
obtained  in  this  manner,  or  by  treating  the  immediate  products  of  oxida- 
tion with  acids,  alkalies,  reducing  agents,  &c.  The  following  is  a  list  of 
most  of  the  compounds  thus  produced  :  — 
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Lcucoturia  aeid 

II 

H 
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Dibarbiiurioaold 
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C.N.IV), 

Marei.de 

DiHliinc  Bcid 

tA.lI.O,    H 

Meaoxahc  acid 

Iramil 

C,N,EI,0, 
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C.S,H,0, 
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CN,H,0 

DeVduri 

Allien.* 

Urei. 

acid. 

C,?i,II,0, 

+     2n,o     = 

f."i,0.        + 

CN,H.O 

Alloian 

Meaoialic  iicid. 

Urea. 

Moreover,  the 

rea  is  frequonlly 

renolyed  into  carbonic  acid  and  am- 

,  by  (be 

rridt  of  mcsD.'allc acid — ^thHtiala  any,  itia  a  compound  of  thul  acid  with  one 
molecule  of  urea  minus  'iWjd:  and  the  hypothetical  dehyduric  acid  is  the 
diartide  of  the  same  acid,  derived  from  it  by  addition  of  1  molecule  of  urea 
■nd  subtraction  of  4  molecules  of  water.  Now.  by  hydrogrniiing  mesoxalio 
acid,  we  obtain  larlronic  add,  C,II,Oj  (p.  Wd) ;  and  by  hyilrogeniiing  al- 
loxan, we  obtnin  dialurie  aeid,  which  two  bodies,  accordingly,  bear  to  urio 
Bcid  tbe  same  relation  that  metoxalic  acid  and  urea  bear  to  dehyduric  acid ; 


Mesoialio 


Alloi 


C,N-H,0, 


CiN,H,0, 

Dehyduric 


Tartronio 
acid.  acid. 

and  Just  as  the  hypothetical  dehyduric  acid  yields  neloxalio  acid  and  al- 
loxan, so  should  actual  uric  acid  yield  larlronic  aud  dialurio  acids.  These 
bodies,  however,  bare  not  been  oblained  by  the  direct  breaking  up  of  urio 


•Thi-t 


726  URIC   ACID. 

acid,  but  only  by  rehydrogenising  the  mesoxalic  acid  and  alloxan  which 
result  from  the  breaking  up  of  its  dehydrogenixed  product.  ProTisioaallj. 
however,  dialuric  and  uric  acids  may  be  regarded  as  tartron-ureide  und 
tartron-diureide  respectively. 

The  several  bodies  just  mentioned  are  typical  of  three  well-de6Qed  cUs^ps 
of  compounds,  to  one  or  other  of  which  an  immense  number  of  uric  acid 
products  may  be  referred.  First,  there  is  the  class  of  simple  non-nitro- 
genous acids,  or  .  an-tirf ic/et,  like  tartronic  and  mesoxalic  scid;  secondly, 
there  is  a  class  of  bodies  containing  a  residue  of  the  acid  plus  one  residue 
of  urea — these  are  the  mon-urndea^  such  as  dialuric  acid  and  alloxan:  tnd. 
lastly,  the  class  of  bodies  containing  a  residue  of  the  acid  plus  two  reudnes 
of  urea,  or  the  di-ureideSy  such  as  uric  acid  itself. 

Mesoxalic  acid,  the  most  complex  non-nitrogenous  product  obtainable 
directly  from  uric  acid,  constitutes  the  third  term  in  the  following  series: 

CHjOj  CjHp^  ^J^^y 

Carbonic.  Oxalic.  Mesoxalic. 

each  of  which  contains  1  at^m  of  carbon  monoxide,  CO,  more  than  the  pre- 
ceding. Now,  when  mesoxalic  acid  is  acted  upon  by  nascent  oxygen,  its 
excess  of  carbon  monoxide  is  removed  in  the  form  of  carbon  dioxide,  sod 
it  is  thus  converted  into  oxalic  acid : 

CsH^O,        4-        0        =        CO,        -I-        C,H,0^. 

Hence,  when  uric  acid  is  subjected  to  a  more  active  oxidation  than  that 
which  suffices  to  produce  mesoxalic  acid,  we  obtain  oxalic  acid,  which  may 
occur  eituer  in  its  simple  anureide  state,  or  conjugated  with  I  molecule  of 
urea  to  form  a  monureide,  such  as  parabanic  acid;  or  with  2  molecules  of 
urea  to  form  a  diureide,  such  as  mi/eotnelic  acid,  a  body  related  to  oxalic 
acid  just  as  uric  acid  is  related  to  mesoxalic  acid. 

In  like  manner,  when  uric  acid  is  subjected  to  a  still  more  powerful  oxi- 
dation than  suffices  to  produce  oxalic  acid,  we  obtain  carbonic  acid,  which, 
like  oxalic  and  mesoxalic  acids,  is  also  capable  of  giving  rise  to  ureidei^. 
No  ureide  of  carbonic  acid  has,  indeed,  yet  been  formed  directly  from  uric 
acid,  the  active  treatment  required  to  efi'ect  the  complete  oxidation  of  the 
uric  acid  producing  also  a  separation  from  one  another  of  the  resulting 
carbonic  acid  and  urea,  which,  however,  may  be  obtained  in  combination 
by  other  means.  Allophanic  acid,  for  instance,  the  ethylic  ether  of  which 
is  obtained  by  passing  tlie  vapor  of  cyanic  acid  into  absolute  alcohol,  is  a 
monureide  of  carbonic  acid ;  but  no  diureide  of  this  acid  appears  to  have 
been  yet  produced. 

Alloxan^  the  monureide  of  mesoxalic  acid  above  mentioned,  is  formed 
from  mesoxalate  of  urea  by  elimination  of  two  molecules  of  water;  but 
there  is  another  monureide,  namely,  alloxanie  acid,  which  differs  from  the 
original  salt  by  only  one  molecule  of  water.  Similarly,  oxalic  acid  forms 
two  monureides  —  namely,  parabanic  acid  or  paraban,  analogous  to  alloxan; 
and  oxaluHc  acid,  analogous  to  alloxanie  acid.  Carbonic  acid,  however, 
forms  but  a  single  ureide,  which  is  produced  by  the  elimination  of  only 
one  molecule  of  water,  and  accordingly  belongs  to  the  same  series  as  the 
oxaluric  and  alloxanie  acids ;  thus : 

Acids.  Ureidea. 

CHjOj,  Carbonic.  CjNjH^Oj,  Allophanic. 

r  u  c\    n^«i;^  /  C,N  JI/).,  Oxaluric. 

C,H,0„  Oxalic.  j  cJn^hX-  P«raban. 

p  TT  n    \f<.a.^«<.i:«  /  C'^NolLO.,  Alloxanie. 

C,H,05,  Mesoxalic.  |  C^hX  Alloxan. 
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Similarly,  among  the  diureides,  some  are  formed  from  the  corresponding 
monureides  by  elimination  of  one  molecule,  and  others  by  elimiuation  of 
two  molecules  of  water. 

Mesoxiilic  acid,  as  already  obserred,  is  convertible,  by  deoxidation  or 
hydrogenation,  into  tartrouic  acid,  and  by  pushing  the  deoxidation  a  stage 
farther,  malonie  ueid  (p.  661)  is  obtained,  both  of  which  acids  are  capable 
of  forming  monureides  and  diureides;  and,  in  a  similar  manner,  oxalic 
and  carbonic  acids  furnish  a  variety  of  similar  deoxidation-products. 

Of  the  numerous  compounds  belonging  to  the  uric  acid  group  thus  pro- 
duced, the  most  important  are  included  in  the  following  table,*  which  is 
divided  perpendicularly  into  three  columns  of  an-ureides,  mon-ureides,  and 
di-ureides,  and  horizontally  into  three  layers  of  carbonic,  oxalic,  and  nies- 
oxalic  products.  The  compounds  connected  by  dotted  lines  differ  in  com- 
position from  one  another  by  an  excess  or  deficit  of  one  molecule  of  urea 
minus  one  molecule  of  water,  while  those  standing  on  the  same  level  in 
the  adjoining  columns,  and  unconnected  by  dotted  lines,  differ  from  one 
another  by  an  excess  or  deficit  of  one  molecule  of  urea  minus  two  mole- 
cules of  water. 


An-ureidet. 
CH,0,,  Carbonic. 


Mon-ureidea, 
CjNjH^Oj,  AUophanio. 


Di-ureides. 


CjH^Oy  Acetic. 

CjH^O,.  Glycollic.   ^CjNjH^O^  Hydantoln. . 

CjH^O^,  Glyoxylio./^CjNjH^O,,  Lantanurio. 

/  C,N,H40^,  Oxaluric. 
C,H,Oj,  Glyoxalic./^ 
CjHjO^,  Oxalic.  /-^      CgN^HjO,,  Parabanio. 


C,N,Hq0p  Aceturea. 
jNjH^Og,  Glycoluric.    yC^N^H^O^  Glycoluril. 

€4X48,0,,  AUantoin. 


C4N4H40y  Mycomelio. 


C^N4H40,Hypoxanthine. 
CfHfi^.  Malonie.  C4N,H40,,  Barbituric.      C5N4H^0r  Xanthine. 

CjH^Oj,  Tartronic.         C4N,H404,  Dialuric.-.,,^^  C5N4H4O,,  Uric  acid. 

y'C4N,H405,  Alloxanic.^^C5N4Hg04,  Pseudo-uric. 
CjHjO,,  Mesoxalic.>^  C4NJHJO4,  Alloxan. 

Between  some  of  the  consecutive  monureides  shown  in  this  table,  there 
exist  bodies  formed  by  the  union  of  the  two  consecutive  monureides,  with 
elimination  of  water.  Such  is  the  mode  of  formation  of  allituriCf  Ionian' 
uric,  and  hydttrilic  aciehf  and  of  alloxantin  ;  thus : 

CJN4H,04      =      C,N,H40,      +      C,N,H,0,      —      11,0 
Allituric  Hydantoin.  Lantanurio 

acid.  acid. 


C,N«H,0, 

Leucoturic 

acid. 

C,N,H,0, 

Hydurilic 
acid. 

CN.HA 
AUoxantm. 


C,N,H«0,      + 
Lantanurio 
acid. 

C«N,HA      + 
Barbituric 
acid. 

C^N,H^O«      + 
Dial  uric 
acid. 


C,N,H,0, 

Parabanic 
acid. 

C,N,HA 
Diaiuric 

acid. 

C4N,H,04 

Alloxan. 


—      H,0 


—      H,0 


—      H,0 


*  TbiB  table,  together  with  the  preceding  view  of  the  relations  between  the  Bevcral  deriva- 
tivee  of  nric  acid,  is  talcen  from  Odling  •  **  Lecturee  on  Animal  Chenustry.'*  London,  1860^ 
pp.  129-136. 
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The  following  is  a  description  of  some  of  the  more  important  compounds 
above  enumerated: 

Allamtoin,  C^N^H^O,.  —  This  substance,  which  contains  the  elements  of 
2  molecules  of  ammonium  oxalate  minus  5  molecules  of  water  [2C,(NH4}, 
O4  —  511,0],  is  contained  in  the  allantoic  liquid  of  the  fnetal  cslf  and  m 
the  urine  of  the  sucking  calf.  It  is  produced  artificially,  together  with 
oxalic  acid  and  urea,  by  boiling  uric  acid  with  lead  dioxide  and  water: 

SCjN.H.O,  -h  30,  -h  5H,0  =  C.N.H.O,   +   2C,H,0,  -f  2CN,H,0, 
Uric  acid.  AUantoiu.      Oxalic  acid.       Urea. 

The  liquid  filtered  from  lead  oxalate,  and  duly  concentrated  by  eTsport- 
tion,  deposits  on  cooling  crystals  of  allantoin,  which  are  purified  by  re- 
solution and  the  use  of  animal  charcoal.  The  mother-liquor,  when  further 
concentrated,  yields  crystals  of  pure  urea.  AlUntoin  forms  small  but 
most  brilliant  prismatic  crystals,  which  are  transparent  and  colorless,  des- 
titute of  taste,  and  without  action  on  vegetable  colors.  It  dissolves  in  KK) 
parts  of  cold  water,  and  in  a  smaller  quantity  at  the  boiling  heat.  It  is 
decomposed  by  boiling  with  nitric  acid,  and  by  oil  of  vitriol  when  concen- 
trated and  hot,  being  in  this  case  resolved  into  ammonia,  carbon  dioxide, 
and  carbon  monoxide.  Heated  with  concentrated  solutions  of  caustic  ftlkt- 
lies,  it  is  decomposed  into  ammonia  and  oxalic  acid. 

Alloxan,  C4N,H204.  —  This  is  the  characteristic  product  of  the  action 
of  concentrated  nitric  acid  on  uric  acid  in  the  cold.  An  acid  is  prepared 
of  >p.  gr.  about  1*45,  and  placed  in  a  shallow  open  basin:  into  this  a  third 
of  its  weight  of  dry  uric  acid  is  thrown,  by  small  portions,  with  constant 
agitation,  care  being  taken  that  the  tcmporature  never  rises  to  any  con- 
siderable extent.  The  uric  acid  at  first  dissolves,  with  copious  efferves- 
cence of  carbon  dioxido  and  nitrogen,  and  eventually  the  whole  becomes  a 
mass  of  white,  crystalline,  pasty  matter.  This  is  left  to  sta.nd  some  hoars, 
drained  from  the  acid  liquid  in  a  funnel  having  its  neck  stopped  wiih  pow- 
der and  fragments  of  glass,  and  afterward  more  eflfectually  dried  upon  a 
porous  tile.  This  is  alloxan  in  a  crude  state:  it  is  purified  by  solution  in  a 
small  quantity  of  water,  and  crystallization. 

Alloxan  crystallizes  with  facility  from  a  hot  and  concentrated  solution, 
slowly  suflfered  to  cool,  in  solid,  hard,  anhydrous  crystals  of  great  regular- 
ity, which  are  transparent,  nearly  colorless,  have  a  high  degree  of  lustre, 
and  the  figure  of  a  modified  rhombic  octohedron.  These  crystals  are 
monohydrated.  consisting  of  C^NjMjO^.Aq.  A  cold  solution,  on  the  other 
hand,  left,  to  evaporate  spontaneously,  deposits  large  foliated  crystals  con- 
taining 4  molecules  of  water:  they  effloresce  rapidly  in  the  air.  The 
monohydrate  heated  t«  150°-1G0®  C.  (302°-320^  F.)  in  a  stream  of  dry  hy- 
drogen gives  off  its  water,  and  leaves  anhydrous  alloxan.  C4N,H,04.  Al- 
loxan is  very  soluble  in  water:  the  solution  has  an  acid  reaciiou,  a  dis- 
agreeably astringent  taste,  and  stains  the  skin,  after  a  time,  red  or  purple. 
It  is  decomposed  by  alkalies,  and  both  by  oxidizing  and  deoxidizing 
agents:  its  most  characteristic  property  is  thnt  of  forming  a  deep-blue 
compound  with  a  ferrous  salt  and  an  alkali. 

Alloxanic  Acid,  C^N^H^Oj. — The  barium-salt  of  this  acid  is  deposited 
in  small  colorless,  pearly  crystals,  when  baryta-water  is  added  to  a  solu- 
tion of  alloxan,  heated  to  6U°  C  (140°  F  ),  as  long  as  the  precipiUte  first 
produced  redissolves,  and  the  filtered  solution  is  then  left  to  cool.  The 
barium  may  be  separated  by  the  cautious  addition  of  dilute  sulphuric  acid, 
and  the  filtered  liquid  by  gentle  evaporaiion  yields  alloxanic  acid  in  small 
radiated  needles.  It  has  an  acid  taste  and  reaction,  decomposes  carbon- 
ates, and  dissolves  zinc  with  disengagement  of  hydrogen.      It  is  a  bibasic 
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acid.  The  alloxanates  of  the  alkali-metals  are  freely  soluble:  those  of  the 
earth-metals  dissoWe  in  a  large  qaautity  of  tepid  water;  that  of  silyer  is 
quite  insoluble  and  anhydrous. 

McsoxALio  Acid,  CgK^Oj.  — When  a  warm  saturated  solution  of  barium 
alloxanate  is  heated  to  ebullition,  a  precipitate  falls,  which  is  a  mixture 
of  barium  carbonate,  alloxanate,  and  mesoxalate:  the  solution  is  found 
to  contain  unaltered  barium  alloxanate  and  urea.  Mesoxalic  acid  is  best 
prepared  by  slowly  adding  solution  of  alloxan  to  a  boiling-hot  solution  of 
lead  acetate:  the  hea^y  granular  precipitate  of  lead  mesoxalate  thus  pro- 
duced is  washed  and  decomposed  by  sulphuretted  hydrogen :  urea  is  also 
formed  in  this  reaction  (p.  725).  Mesoxalic  acid  is  crystallizable :  it  has 
a  sour  taste  and  powerfully  acid  reaction,  and  resists  a  boiling  heat:  it 
forms  sparingly  soluble  salts  with  barium  and  calcium,  and  a  yellowish  in- 
soluble compound  with  siWer,  which  is  reduced  with  effervescence  when 
gently  heated. 

Mtcomklio  Acid,  C^N^H^O,  — This  acid  is  formed  when  ammonia  in 
excess  is  added  to  a  solution  of  alloxan,  the  whole  heated  to  ebullition, 
and  afterward  supersaturated  with  dilute  sulphuric  acid :  it  then  separates 
as  a  yellow,  light  precipitate,  which  increases  in  quantity  as  the  liquid 
cools.  It  is  but  feebly  soluble  in  water,  easily  dissolved  by  alkalies,  and 
forms  a  yellow  silver-salt.  Its  formation  from  alloxan  and  ammonia  is 
represented  by  the  equation  : 

C^N.HjO^        +        2NH,        «        C^N^H^O,        -f        2H,0. 

Parabanic  Acid,  or  Paraban,  CJ^^Ufi^ — This  is  the  characteristic 
product  of  the  action  of  moderately  strong  nitric  acid  on  uric  acid  or  al- 
loxan, by  the  aid  of  heat : 

C5N4H4O,    4-    O,    +    2H,0    =    C,N,H,0,    4-    2C0,    +    2NH,. 

It  is  conveniently  prepared  by  heating  together  I  part  of  uric  acid  and  8 
parts  of  nitric  acid  until  the  reaction  has  nearly  ceased ;  the  liquid  is  eva- 
porated to  a  syrupy  state  and  left  to  cool;  and  the  acid  drained  from  the 
mother-liquor  is  purified  by  re-cryotallization.  Parabanic  acid  forms 
colorless,  transparent,  thin,  prismatic  crystals,  which  are  permanent  in  the 
air:  it  is  easily  soluble  in  water,  has  a  pure  and  powerfully  acid  taste,  and 
reddens  litmus  strongly.  Neutralized  with  ammonia,  and  mixed  with  sil- 
ver nitrate,  it  gives  a  white  precipitate. 

OxALtTRio  Acid,  C^HgN^O^. — The  ammonium-salt  of  this  acid  separates 
in  colorless  needles,  when  a  solution  of  parabanic  acid  saturated  with  am- 
monia is  boiled  for  a  moment,  and  then  left  to  cool.  The  acid  is  obtained 
by  adding  an  excess  of  dilute  sulphuric  acid  to  a  hot  and  strong  solution 
of  the  ammonium-salt,  and  cooling  the  whole  rapidly.  It  forms  a  white, 
crystalline  powder,  of  acid  taste  and  reaction,  capable  of  combining  with 
baues:  the  barium-  and  ealcium-ealte  are  sparingly  soluble;  the  silver-salt 
crystallizes  from  the  mixed  hot  solution  of  silver  nitrate  and  ammonium 
oxalurate  in  long,  silky  needles.  Oxaluric  acid  contains  the  elements  of  1 
molecule  of  parabanic  acid  and  1  molecule  of  water.  Its  solution  is  resolved 
by  ebullition  into  free  oxalic  acid  and  oxalate  of  urea. 

Thionurio  Acid,  C4N,H,S0,.  —  This  acid,  which  contains  the  elements 
of  alloxan,  ammonia,  and  sulphurous  oxide  (C4N,H,04  -f  NH,  -f  SO,),  is 
formed,  as  an  ammonium-salt,  when  a  cold  solution  of  alloxan  is  mixed 
with  a  saturated  aqueous  solution  of  sulphurous  acid,  in  such  quantity  that 
the  odor  of  the  gas  remains  quite  distinct ;  an  excess  of  ammonium  car- 
bonate mixed  with  a  little  caustic  ammonia  is  then  added,  and  the  whole 
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boiled  for  a  few  minute?).  On  cooling,  ammonium  thtonurafe  is  deposited  in 
greui  abundunce,  forming  bcHUtiful,  colorless,  crjstaliiuc  pktes,  wbicli  l>j 
solution  in  wtiier  and  re-cr^stallizutiou  acquire  a  fine  pink  tint.  A  Solu- 
tion of  this  salt  gives  with  lead«acetate  a  precipitate  of  insoluble  lead  thio- 
nurutc,  which  is  at  first  white  and  gelatinous,  but  shortly  becomes  dense 
and  crystalline:  from  this  compound  the  acid  may  be  obtained  by  the  tid 
of  sulphuretted  hydrogen.  It  forms  a  white  crystalline  mass,  permui^ni 
in  the  air,  very  soluble  in  water,  of  acid  taste  and  reaction,  and  capaMe 
of  combining  directly  with  bases.  When  its  solution  is  heated  to  the  boil- 
ing point,  it  undergoes  decomposition,  yielding  sulphuric  acid  and  wwinU, 
or  dialuramide,  C^NjHjOj : 

C,N,H,SO,    +     H,0    =    SOJI,    +     C.NjHjOr 

Uramilr. — To  prepare  this  substance,  ammonium  thionurateisdissolTed 
in  hot  water,  mixed  with  a  small  excess  of  hydrochloric  acid,  and  the  whole 
boiled  in  u  flask:  the  uramile  then  separates  as  a  white,  crystalline  sub- 
stance, increasing  in  quantity  till  the  contents  of  the  vessel  often  become 
semi-solid.  After  cooling,  it  is  collected  on  a  filter,  washed  with  cold  water 
to  remove  the  sulphuric  acid,  and  dried  by  gentle  heat,  during  which  it 
frequently  becomes  pinkish.  It  is  tasteless  and  nearly  insoluble  in  water, 
but  dissolves  in  ammonia  and  the  fixed  alkalies.  The  ammoniacal  solution 
becomes  purple  in  the  air.  It  is  decomposed  by  strong  nitric  acid,  niih 
formation  of  alloxan  and  ammonium  nitrate : 

C4N3H.O3    +     0    =    C,N,HA    +    NH,. 

Uramile,  heated  with  aqueous  solution  of  potassium  cyanat«,  is  converted 
into  psfudo'urie  acid,  CjN^HgO^  =  C^NjH^O,  -f  CNHO. 

Uramile,  added  to  arfreniic  or  mercuric  oxide  suspended  in  boiling  water, 
is  converted  into  murexide  (p.  732). 

Alloxantin,  CgN^H^O^ .  3  Aq.  —  This  substance  is  the  chief  product  of 
the  action  of  hot  dilute  nitric  acid  upon  uric  acid,  and  is  likewise  produced 
by  the  action  of  deoxidizing  agents  upon  alloxan,  anhydrous  alloxantin.  in 
fact,  containing  1  atom  of  oxygen  less  than  2  molecules  of  alloxan.  It  is 
best  prepared  by  passing  sulphuretted  hydrogen  gas  through  a  moderatelr 
strong  and  cold  solution  of  alloxan.  The  mother-liquor  from  which  the 
crystals  of  alloxan  have  separated  answers  the  purpose  perfectly  well:  it 
is  diluted  with  a  little  water,  and  a  copious  stream  of  gas  trmnsmitted 
through  it.  Sulphur  is  then  deposited  in  large  quantity,  mixed  with  a 
white,  crystalline  substance,  which  is  the  alloxantin.  The  product  is 
drained  upon  a  filter,  slightly  washed,  and  then  boiled  in  water:  the  fil- 
tered solution  deposits  the  alloxantin  on  cooling.  Alloxantin  forms  fidbII 
four-sided,  oblique  rhombic  prisms,  colorless  and  transparent;  it  is  soluble 
with  difiiculty  in  cold  water,  but  more  freely  at  a  boiling  tempemture. 
The  solution  reddens  litmus,  gives  with  baryta-water  a  violet-colored  pre- 
cipitate, which  disappears  on  heating,  and  when  mixed  with  silver  oitrate 
produces  a  black  precipitate  of  metallio  silver.  Heated  with  chlorine  or 
nitric  acid,  it  is  changed  by  oxidation  to  alloxan.  The  crystals  become  red 
when  exposed  to  animoniacnl  vapors.  They  contain  3  molecules  of  wt^^^ 
which  they  do  not  give  off  till  heated  above  15(P  C.  (302<'  F.). 

Alloxantin  is  readily  decomposed  :  when  a  stream  of  sulphuretted  hydro- 
gen is  pnssed  through  its  boiling  solution,  sulphur  is  deposited  and dislnric 
acid  is  produced.  A  hot  saturated  solution  of  alloxantin  mixed  with  a  neu- 
tral salt  of  ammonia  instantly  assumes  a  purple  color,  which,  however, 
quickly  vanishes,  the  liquid  becoming  turbid  from  the  formation  of  ura- 
mile:  the  solution  is  then  found  to  contain  alloxan  and  free  acid.  ^'^^^ 
Uver  oxide,  alloxantin  gives  off  carbon  dioxide,  reduces  a  portion  of  the 
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metal,  and  converts  the  remainder  of  the  oxide  into  oxalurate.  Boiled 
with  water  and  lead  dioxide,  alluxantin  gives  urea  and  lead  carbonate. 

DiALVRic  Acid,  C4N.^H^04.  — This  acid  is  the  final  product  of  the  action 
of  reducing  agents  un  alloxan,  and  is  formed  when  sulphuretted  hydrogen 
19  passed  through  a  boiling  solution  of  alloxan  till  no  further  action  takes 
place:  C^N^HjO^  4-  HgS  ss  C4N,H404  -f  S.  It  forms  colorless  needles,  re- 
sembling those  of  alloxantin,  has  a  strong  acid  reaction,  and  neutralizes 
acids  completely,  forming  salts  which  are  sparingly  soluble  in  water. 

Htdurilio  Acid,  CgN^H^Og.  —  Dialurio  acid,  heated  to  about  160°  C. 
(320°  F.),  with  glycerin  (which  acts  merely  as  a  solvent),  splits  up  into 
formic  acid,  carbon  dioxide,  and  the  ammonium-salt  of  hyduriiie  acid: 

hQ^fifi^    =    CHjO,    +     SCO,    +    2C,N4H4(NH^)0e. 

By  converting  this  ammonium-salt  into  a  copper-salt,  and  decomposing  the 
latter  with  hydrochloric  acid,  hyduriiie  acid  is  obtained  in  crystals. 

Hyduriiie  acid  is  converted  by  fuming  nitric  acid  into  alloxan^  without 
any  other  product ;  but  with  nitric  acid  of  ordinary  strength  it  yields  al- 
loxan, together  with  violurie  acid,  violantin,  and  dilituric  acid:  * 

CgN^H^O,  -f.  NO3H  =  C.N.HgO,    -f    C^N.HjO,  +  H,0 
Hyduriiie  Violurio  Alloxan, 

acid.  acid. 

CgN^HgO,   4-    2N0,H  =  C.NjHjOj    +  C^Nj^H^O^  -f  KO,H  +  H,0. 
Hyduriiie  Dilituric  Alloxan, 

acid.  acid. 

If  tlte  action  be  carried  on  to  the  end,  dilituric  acid  is  the  only  product. 
This  acid  may  indeed  be  regarded  as  a  product  of  the  oxidation  of  violurio 
acid :  C4NgH,05  =  C^N^HgO^  -f-  0 ;  and  violantin  as  a  compound  of  the 
two. 

DiBBOMOBABBiTURic  AciD,  or  Bromalloxan,  C^NjH.BrjOj,  is  produced, 
together  with  alloxan,  by  the  action  of  bromine  on  hyduriiie  acid : 

C^N^HgOe  -f  Br,  -f  H,0  =  C^NaH^Br^Oj  -f  C^NjHjO^  -f  4HBr. 

It  cry!*tallizes  in  colorless,  shining  plates,  or  prisms,  belonging  to  the  tri- 
roetric  system,  soluble  in  water,  very  soluble  in  alcohol  and  ether.  By  hy- 
drogen sulphide^  in  presence  of  water,  it  is  reduced  to  dialuric  acid: 

C,N,H,Br,05    -f    H,S   -f   H,0   =   C^NaH^O^     -f     2HBr   -f   S. 

Villh  a  small  quantity  of  hydriodic  acid  it  yields  hyduriiie  acid : 

2C,N,n,Br,0,    -f     6HI    =    CgNJI,©,     +     4HBr     -f-     31,; 

but  when  it  is  heated  with  excess  of  hydriodic  acid,  the  reduction  goes  a 
step  farther,  and  barbituric  acid,  C^N^H^O,,  is  produced : 

C^NjH.BrjO,     -f    4HI     =     C^NjH^,    -f    2HBr    -f    21,. 

Barbituric  acid  crystallizes  in  beautiful  prisms,  containing  two  molecules 
of  water.  It  is  bibasic,  and  yields  chiefly  acid  salta,  which  are  obtained 
by  treating  the  corresponding  acetates  with  barbituric  acid. 

Barbituric  acid  is  converted  by  fuming  nitric  acid  into  dilituric  acid,  by 
potassium  nitrate  into  potassium  violurate.  When  boiled  with  potash  it 
gives  off  ammonia,   and  yields  the  potassium-salt  of  malonic  acid,  C^VLfi, 

*  For  dewnriptioDs  of  these  leveral  products,  see  Watts's  Dictionary  of  Chemistry. 
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(p.  661 ),  whence  it  appears  to  have  the  constitution  of  malonyl  ures^  CNJ], 
(C,n,0,)''0  =  C,H404  -f  CNjH^O  —  2H,0. 

MuREXiDB,  CjjNfHgOg .  A(4  ;  Prout's  Parpurate  of  Ammoiua. — There  are 
several  methods  of  preparing  this  magnificent  compound.     It  maj  be  made 
directly  from  uric  acid,  by  dissolving  that  substance  in  dilute  nitric  aeid, 
evaporating  to  a  certain  point,  and  then  adding  to  the  warm  but  not  boil- 
ing liquid  a  very  slight  excess  of  ammonia.     ]n  this  process  alloxantin  is 
first  produced,  and  iit  afterward  partially  converted  into  alloxan:  the  pres- 
ence of  both  is  requisite  for  the  production  of  murexide.     This  process 
is,   however,  yery  precarious,   and   often    fails  altogether.     An  excellent 
method  is  to  boil  for  a  few  minutes  in  a  flask  a  mixture  of  1  part  of  dry 
uramile,  I  part  of  red  oxide  of  mercury,  and  40  parts  of  water,  to  which 
two  or  three  drops  of  ammonia  have  been  added  :  the  whole  assumes  in  a 
short  space  of  time  an  intensely  deep  purple  tint,  and  when  filtered  boil- 
ing hot,  deposits,  on  cooling,  splendid  crystals  of  murexide,  unmixed  with 
any  impurity.     The  reaction  in  this  case  is : 

2CAH,03        -f        0        =        C,NeH,0,        +        H,0. 
Uramile.  Murexide. 

A  third,  and  perhaps  even  still  better  process,  is  that  of  Dr.  Gregory :  7 
parts  of  alloxan  and  4  parts  of  alloxantin  are  dissolved  in  240  parts  of  boil- 
ing water,  and  the  solution  is  added  to  about  80  parts  of  cold,  strong  solu- 
tion of  ammonium  carbonate :  the  liquid  instantly  acquires  such  a  depth 
of  color  as  to  become  opaque,  and  gives  on  cooling  a  large  quantity  of 
murexide:  the  operation  succeeds  best  on  a  small  scale. 

Murexide*  crystallises  in  small  square  prisms,  which  by  reflected  light 
exhibit  a  splendid  green  metallic  lustre,  like  that  of  the  wing-cases  of  the 
rose-beetle  and  other  insects:  by  transmitted  light  they  are  deep  parple- 
red.  It  is  soluble  with  difficulty  in  cold  water,  much  more  easily  at  the 
boiling  heat,  insoluble  in  alcohol  and  ether.  Mineral  acids  decompose  it, 
with  separation  of  a  white  or  yellowish  substance  called  murexan,  probsblj 
identical  witb-uramile,  and  caustic  potash  dissolves  it,  with  production  of  s 
most  magnificent  purple  color,  which  disappears  when  the  solution  is  boiled. 

A  few  years  ago,  murexide  was  extensively  used  in  dyeing ;  it  is  now 
rapidly  being  superseded  by  rosanilino,  the  crimson  derived  from  aniline. 

A  series  of  substances  closely  related  to  the  derivatives  of  uric  acid  will 
be  noticed  under  the  head  of  Caffeine. 


COMPOTTim  AXXOHIAS  or  AXIHEB. 

These  names  are  given  to  a  class  of  compounds  derived  from  ammonis, 
NHg,  by  substitution  of  alcohol-radicals  for  hydrogen,  these  radicals  being 
either  monatomic  or  polyatomic ;  the  substitution  may  take  place  in  one, 
two,  or  a  greater  number  of  ammonia  molecules,  thus  giving  rise  to  mona- 
m%ne»^  diamines^  triamines,  &c.  Moreover,  the  nitrogen  in  these  bases  may 
be  replaced  by  phosphorus,  arsenic,  or  antimony,  giving  rise  to  phos- 
phines,  arsines,  and  stibines,  bases  analogous  in  composition  and  properties 
to  the  amines.  Connected  with  these  last-mentioned  bases  are  certain  com- 
pounds of  alcohol-radicals  with  metals  not  belonging  to  the  nitrogen  c\9^^ 
The  natural  organic  bases,  or  alkaldtdg,  found  in  plants,  and  certain  artifi- 
cial bases  whose  constitution  has  not  been  very  exactly  made  out,  will  be 
treated  in  an  appendix  to  the  alcoholic  ammonias. 

v*,?2  ^**'*^  ^™  ***"  Tjrian  dye,  said  to  have  been  prepared  fhnn  a  RMciei  of  mwtr,  or 
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AMINBS  DERIVED  FROM  MONATOMIO  ALCOHOLS. 

Ammonia,  NHs*  may  give  up  one,  two,  or  three  of  its  hjdrogen-atoms  in 
exchange  for  uuiyalent  alcohol-radicals  (methyl  and  its  homologues,  for 
example),  producing  primary^  secondary,  and  tertiary  amines.  If  A,  B,  C, 
denote  tnree  such  alcohol-radicals,  the  amines  formed  bj  substituting  them 
for  hydrogen  in  ammonia  will  be  represented  by  the  general  formulse : 

fA  fA  (k 

(h  U 

Primary.  Secondary.  Tertiary. 

In  the  secondary  and  tertiary  amines  the  alcohol- radicals  denoted  by  A,  B, 
C  may  be  either  the  same  or  different ;  for  example : 


nJb 
ic 


Secondary. 


Tertiary. 


fCH,  rCH, 

u      u 

Diamethyl-      Methyl- 
amine.       ethylamine. 


rcH. 


rCH,  (CH, 

(CHj  1^1"*  ICjH,! 

Trimethyl-     Dimethyl-  Methyl-ethyl- 
amine.      ethylamine.    amylamine. 


It  is  clear  that  amines  containing  only  univalent  alcohol-radicals  must  be 
deriyed  from  only  one  molecule  of  ammonia :  for  to  bind  together  two  or 
more  such  molecules  would  require  the  introduction  of  a  polyatomic  radi- 


cal: thus. 


y^  is  a  stable  compound,  but  such  a  compound  as 


■%S    j    **f  f   XT 

■^  I  ((^i^s)]  would  split  up  into  two  molecules,  each  consisting  of  N  <  p  Vr  » 

In  other  words,  amines  deriyed  from  monatomic  alcohols  must  be  mona- 
mines. 

These  amines  are  basic  compounds  more  or  less  resembling  ammonia  in 
odor,  having  an  alkaline  reaction  on  vegetable  colors,  and  uniting  with 
acids  to  form  salts  which  are  analogous  in  composition  to  the  ammonium- 
salts,  and,  like  the  latter,  may  be  regarded  either  as  compounds  of  ammo- 
nia-molecules with  acids,  or  of  ammonium  molecules  with  halogen  elements 
and  acid  radicals  analogous  thereto  (see  p.  810) ;  thus: 


Ammonia. 

NH,(C,H,) 

Ethyl- 
ammonia. 

NH(C,H5), 

Diethyl, 
ammonia. 

N(CaHs), 

Triethyl- 

amine. 

2N(C,H.), 
Triethyl- 
amine. 
62 


-f-  HCl  =  NH^ .  CI  Ammonium  chloride. 

-f  HCl  =  NH,(C,Hg) .  CI     Ethylammonium  chloride. 

-f  HCl  =  KH,(CjHg)j.Cl    Diethylammonium  chloride. 

-f  HCl  =  NH(CjH5),.Cl      Triethylammonium  chloride. 

-f  H^O^  =  [NH(C,H,)j]^04  Triethylammonium  sulphate. 
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All  the  salts  of  these  amines,  when  heated  with  potash,  give  off  the  amiBe, 
just  as  ammonia-salts  give  off  ammonia. 

The  tertiary  amines  can  unite  with  the  chlorides,  &c.,  of  slcohol-radl* 
eals  in  the  same  manner  as  with  acids:  thus  trieth^'lamine,  N(C2Ud  unites 
directly  with  ethyl  iodide,  C^H^l,  forming  a  compound  which  may  be  re- 
garded either  as /rtWAy^ffime  eMy/ioci^V/«,  NlCjH^), .  C.H^I,  or  as  tttretk^l- 
ammonium  iodide^  N(C,Hj)..I.  Now  this  iodide,  when  heated  with  pota&h, 
does  not  giye  off  ammonia  or  a  volatile  ammonia-base ;  but  when  heated 
with  silver  oxide  and  water,  it  is  converted,  by  exchange  of  iodine  for  hy- 
droxyl,  into  a  strongly  alkaline  base,  called  tetretkt/lammonium  hydraU,  which 
may  be  obtained  *in  the  solid  state,  and  exhibits  reactions  closely  analogous 
to  those  of  the  fixed  caustic  alkalies.  Its  formation  is  represented  by  the 
equation : 

N(C,Hs),I      +      KOH      =      KI      +      N(C,H.),{OH). 

Moreover,  this  base  can  exchange  its  hydroxyl  for  chlorine,  bromine,  and 
other  acid  radicals,  just  like  potash  or  soda,  forming  solid  crystalUuble 
salts  like  the  iodide  above  mentioned.  These  compounds,  containing  four 
equivalents  of  alcohol-radicals,  are,  in  fact,  analogous  in  every  respect  to 
ammonium-salts,  excepting  that  the  corresponding  hydrates  are  capable  of 
existing  in  the  solid  state,  whereas  ammonium  hydrate,  NH^fOH),  splits 
up,  as  soon  as  formed,  into  ammonia  and  water.  The  radicals  N(C,H()|. 
&c.,  corresponding  to  ammonium,  are  not  known  in  the  free  state. 

The  monamines  containing  more  than  one  carbon-atom  are  susceptible 
of  isomeric  modifications  similar  to  those  of  the  alcohols;  thusethylainine, 
NH2(C,Hg),  is  isomeric  with  dimethylamine,  NH(C2H3),;  propylamine. 
NH,(CjH,),  is  isomeric  with  methyl-ethylamine,  NH(CH,)(C,H,),  and  with 
trimethylamine,  N(CHg),,  &c.,  &c.,  the  number  of  possible  modifications 
of  course  increasing  with  the  complexity  of  the  molecules.  Moreover,  a 
monamine,  either  primary,  secondary,  or  tertiar}',  may  admit  of  modi6ca- 
tion  in  the  alcohol-radical  itself;  thus  the  primary  monamine,  NH,(C^.}, 
may  exhibit  the  two  following  modifications : 

rCH.CH,CH,  fCH(CH,), 

nJh  N^H 

Ih  (H 

Propylamine.  Isopropylamine. 

An  instance  of  isomerism  of  this  latter  kind  has  lately  been  observed  bj 
Wurtz  in  amylamine,  NHjiGjH,,). 

Amines  may  of  course  be  formulated  on  the  methane  or  marsh-gas  type 
instead  of  the  ammonia  type,  the  radical  amidogen,  NH,,  and  others  de- 
rived from  it,  being  substituted  for  an  atom  of  hydrogen ;  thus : 


fH 

fH 

rcH, 

c 

H 
U 

C 

U 
H 

C 

H 
H 

H 

[nh. 

[nh. 

Methane. 

Methyl- 

Eihyl- 

an 

line. 

a[ 

nine. 

H 

H  p. 

H  ^^ 


H 
H 
H 
N(CH,), 


NH(CH,) 

Dimethyl-       Trimethyl- 
amine. amine. 

This  mode  of  representation  is  convenient  in  some  cases,  but  the  amines 
and  their  salts  are  so  closely  related  to  the  ammonia-compounds  in  their 
modes  of  formation  and  transformation,  that  they  are  for  the  most  part 
more  appropriately  represented  by  formulm  derived  from  ammonia,  NHji 
and  sal-ammoniac,  NH^Cl. 

^  A  great  number  of  amines  and  their  salts  have  been  obtained,  bnt  tbe 
limits  of  this  work  will  not  allow  us  to  describe  more  than  the  most  iuipor- 
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tsnt  of  those  containing  the  radicals,  methyl,  ethyl,  amyl,  and  phenyl.  In 
describing  them  it  will  be  convenient  to  make  a  slight  departure  from  the 
natural  order,  and  commence  with  the  ethyl  bases,  which  have  been  more 
completely  studied  than  their  homologues. 


BASES  OF  THE  ETHYL  SERIES. 

Bthylamine,  or  Ethyl-ammonia,  C,HfN  =  NH2(C2H0]. — On  digesting 
ethyl  bromide  or  iodide  with  an  alcoholic  solution  of  ammonia,  the  alka- 
line reaction  of  the  ammonia  gradually  disappears ;  and  on  evaporating 
the  solution  on  the  water-bath,  a  white  crystalline  mass  is  obtained,  which 
consists  chiefly  of  ethyl- ammonium  bromide  or  iodide:  NH, -f-  ^a^s^  = 
NHyfC^Hg)!.  On  distilling  this  salt  in  a  retort  provided  with  a  good  con- 
denser, with  caustic  lime,  the  ethylamine  is  liberated  and  distils  over: 

2NH,(C,H,)I    -f    CaO    =    2NH,(C,Hj)     -f     H,0    Cal,. 

Another  method  of  preparing  this  compound,  and,  indeed,  the  method  by 
which  it  was  first  obtained  by  Wurtz,  consists  in  submitting  ethyl  cyanate 
to  the  action  of  potassium  hydrate.  Cyanic  acid  (p.  710),  when  treated 
with  boiling  solution  of  potash,  splits  into  carbon  dioxide  and  ammonia; 
and  ethyl  cyanate  (p.  714)  suffers  a  perfectly  analogous  decomposition, 
yielding  carbon  dioxide  and  ethylamine : 

CNHO        +        2KH0        =        K,CO,        -f        NH, 
Cyanic  acid.  Ammonia. 

CN(C,H5)0         +    2KH0        ==        KfiO^        -f        NH,(C,Hj) 
Ethyl  cyanate.  Ethylamine. 

Ethyl  cyanurate,  polymeric  with  the  cyanate,  likewise  gives  off  ethyl- 
amine when  boiled  with  potash. 

Ethylamine  is  a  very  mobile  liquid,  of  sp.  gr  0  6964,  at  8**  C.  (46*»  F.), 
boiling  at  19<>  C  (66®  F.).  The  specific  gravity  of  its  vapor  is  1-67.  It 
h^s  a  most  powerful  ammoniacal  odor,  and  restores  the  blue  color  to  red- 
dened litmus-paper.  It  produces  white  clouds  with  hydrochloric  acid,  and 
is  absorbed  by  water  with  great  avidity.  With  acids  it  forms  a  series  of 
neutral  crystallizable  salts  perfectly  analogous  to  those  of  ammonium. 

Ethylamine  imitates,  moreover,  in  a  remarkable  manner,  the  deportment 
of  ammonia  with  metallic  salts.  It  precipitates  the  salts  of  magnesium, 
aluminium,  iron,  manganese,  bismuth,  chromium,  uranium,  tin,  lead,  and 
mercury;  linc-salts  yield  a  white  precipitate,  which  is  soluble  in  excess 
Like  ammonia,  ethylamine  dissolves  silver  chloride,  and  yields  with  cop- 
per-salts a  blue  precipitate,  which  is  soluble  in  an  excess  of  ethylamine. 
On  adding  ethylamine  to  oxalic  ether,  a  white  precipitate  of  biethyl-oxamide, 
N,(C,0,)^^H,(C,H5)y  is  produced:  a  compound  analogous  to  oxamic  acid 
(p.  6o9)  has  also  been  obtained.  Ethylamine  may,  however,  be  readily 
distinguished  from  ammonia:  its  vapor  is  inflammable,  and  it  produces 
with  platinio  chloride,  a  salt,  [NHjfCjHjlCll^PtCl^,  crystallizing  in  golden 
scales,  which  are  rather  soluble  in  water.  Treated  with  chlorine,  it  yields 
ethyl-ammonium  chloride  and  biehlorethylamme,  NCl^CjHj,  a  yellow  liquid 
having  a  penetrating,  tear-exciting  odor  When  treated  with  potash,  it  is 
converted  into  ammonia,  potassium  acetate,  and  potassium  chloride:  NCI, 
(C,H,)  +  8KH0  =  C.HjKO,  +  2KC1  -f  NH,  -}-  ^fi. 

EthyUurea.  —  On  passing  the  vapor  of  cyanic  acid  into  a  solution  of 
ethylamine,  the  liquid  becomes  hot,  and  deposits,  after  evaporation,  fine 
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crystals  of  ethyl  urea:  C.H^N  -f  CNHO  =  C,HgN,0  =  CH,(C,Hj)N,0 
This  substanoef  which  may  be  viewed  as  ordinary  urea  (p.  721).  haviDg  1 
atom  of  hydrogen  replaced  by  ethyl,  may  also  be  prepared  by  treating 
cyanic  ether  with  ammonia:  CN(G,U5)0  -f-  NH,  ^  C^H^NjO.  Ethyl-urea 
is  very  soluble  in  water  and  alcohol:  the  concentrated  aqueous  solutioo, 
unlike  that  of  ordinary  urea,  yields  no  precipitate  with  nitric  acid;  bm  on 
gently  eyaporating  the  mixture,  a  very  soluble  crystalline  nitrate  of  ethyl- 
urea  is  obtained.  Boiled  with  potash,  this  substance  yields  a  mixture  of 
equivalent  quantities  of  ammonia  and  ethylamine :  CjH^N.O  -f-  2KH0  = 
K,CO,  -{-  Nil,  -4-  CjH^N. 

Biethylamine,  C^HuN  szs  NH(C2H«),.  —  A  mixture  of  the  solutions  of 
ethylamine  and  ethyl  bromide,  healed  in  a  sealed  tube  for  several  hours, 
solidifies  to  a  crystalline  mass  of  biethyl-ammonium  bromide:  JsVtJ^^W^-^ 
C^Ufir  =  NIi2(C,H5)2Br.  This  bromide,  distilled  with  potash,  yielis 
biethylamine  as  a  colorless  liquid,  still  very  alkaline,  and  soluble  in  water, 
but  less  so  than  ethylamine.  This  compound  boils  at  57-5°  C.  (136°  F. ). 
It  forms  beautifully  crystallizable  salts  with  acids.  A  solution  of  bietbjl- 
ammonium  chloride  forms  with  platinic  chloride  a  very  soluble  double  !»ilt, 
2NH2(C,Hj)2Cl  .  PtClf,  crystallizing  in  orange-red  grains,  very  different 
fr(»m  the  orange-yellow  leaves  of  the  corresponding  ethyl-ammonium  stit. 

Biethyl'UTea.  —  Biethylamine  behaves  with  cysnic  acid  like  ammonia  and 
ethylamine,  giving  rise  to  biethyl-urea.  A  substance  similar  to.  but  not 
identical  with,  the  former,  has  been  produced  by  the  action  of  cyanic  ether 
upon  ethylamine  :  CN(C,H5)0  +  C,H.N  =  C.H„N,0  «=  C[Hj(C,H4),]N,0. 
The  biethyl-ureas  are  very  crystallizaole.  and  readily  form  crystalline  ni- 
trates. Boiled  with  potash,  the  biethyl-ureas  yield,  the  former  1  molecale 
of  biethylamine  and  1  molecule  of  ammonia,  C[H,(C,Hj)2]N30  -f  2KI10  = 
KjCOj-}- NH(CjH.), -f  NH,;  the  latter,  pure  ethylamine,  C[H,(CjH5g 
N,0  -f-  2KH0  =  KjCO,  -f  ^NHjfCjHj). 

Triethylamine,  C^HuN  =  N(C,Hj)j.  — The  formation  of  this  body  is  per- 
fectly analogous  to  that  of  etliyfaniine  and  of  biethylamine.  On  heating 
for  a  short  time  a  mixture  of  biethylamine  with  ethyl  bromide  in  a  sealed 
glass  tube,  a  beautiful  fibrous  mass  of  triethyl-ammonium  bromide  is  ob- 
tained, from  which  the  triethylamine  may  be  separated  by  potash.  Tri- 
ethylamine is  a  colorless,  powerfully  alkaline  liquid,  boiling  at  91®  C  (1%° 
F.).  The  salts  of  this  base  crystallize  remarkably  well.  With  platinic 
chloride  it  forms  a  very  soluble  double  salt,  2NH(C,Hj)3Cl.  PtCl^  which 
crystallizes  in  magnificent,  large,  orange-red  rhombs 

The  action  of  ethyl  iodide  or  bromide  on  ammonia  gives  rise  to  the  si- 
multaneous formation  of  the  three  ethylated  bases,  which,  though  differing 
considerably  in  their  boiling  points,  can  scarcely  be  separated  by  fractional 
distillation.  The  separation  succeeds,  however,  by  digesting  the  mixture 
of  these  three  bases  with  anhydrous  ethyl  oxalate.  Ethylamine  is  thus 
converted  into  diethyloxamine : 

CA(r,H.)3    +    2NH,(C.,H.)    «   20  n,(OH)    +    N  (C  0,)-H,(C  H,), 
Ethyl  oxalate.  Ethyl-  Alcohol.  Diethyl-oxamide, 

amine. 

and  diethylamine  forms  diethyloxamate: 

CA(C,H.\   -f    NH(CA),  «  C,H,fOH)  +  CA[N(C,n  ^](OC,H,) 
Ethyl  oxalate.  Diethyl-  Alcohol.         Ethylic  diethyloxamate; 

amine. 

whereas  triethylamine  does  not  combine  with  oxalic  ether.     The  separation 
is  carried  out  in  the  following  manner : 

On  distilling  the  product  of  the  reaction  of  ethyl  oxalate  upon  the  mix- 
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ture  of  ethyl  bases  in  the  water-bath,  pure  triethylamine  passes  over;  and 
on  treating  the  residue  with  boiling  water,  diethyloxamide  is  disj*olved, 
while  ethyl  diethyloxaniate  remains  as  an  insoluble  layer  floating  upon  the 
hot  solution:  it  may  be  separated  by  a  tap- funnel.  Diethyloxamide  treated 
with  potash  yields  pure  ethylamine,  wliile  pure  diethylamine  is  obtained 
by  treating  ethylic  diethyloxamate  with  the  same  reagent. 

Tetrethyl-ammoniuin  Hydrate,  CgH^NO  =  N(CjH.)^(OH).— When  anhy- 
drous triethylamine  is  mixed  with  dry  ethyl  iodide,  a  powerful  reaction 
ensues,  the  mixture  enters  into  ebullition,  and  solidifies  on  cooling  to  a 
white  crystalline  mass  of  tetrethyl-ammonium  iodide :  N(C,H5),  -|-  C,H^I 
=  N|C.Hj)J.  This  iodide  is  readily  soluble  in  hot  water,  from  which  it 
crystallizes  on  cooling  in  beautiful  crystals  of  considerable  size.  This  sub- 
stance is  not  decomposed  'by  potash :  it  may  be  boiled  with  the  alkali  for 
hours  without  yielding  a  trace  of  volatile  base.  The  iodine  may,  howerer, 
be  readily  removed  by  treating  the  solution  with  silver-salts.  If  in  this 
case  silver  sulphate  or  nitrate  be  used,  we  obtain,  together  with  silver 
iodide,  the  sulphate  or  nitrate  of  tetrethyl-ammonium,  which  crystallizes  on 
evaporation :  on  the  other  hand,  if  the  iodide  be  treated  with  freshly  pre- 
cipitated silver  oxide,  the  hydrate  of  tetrethyl-ammonium  itself  is  sepa- 
rated. On  filtering  off  the  silver  precipitate,  a  clear  colorless  liquid  is  ob- 
tained, which  contains  the  isolated  base  in  solution.  It  has  a  strongly  alka- 
line reaction,  and  intensely  bitter  taste.  The  solution  of  tetrethyl-ammo- 
nium hydrate  has  a  remarkable  analogy  to  potash  and  soda.  Like  these 
substances,  it  destroys  the  epidermis  and  saponifies  fatty  substances,  with 
formation  of  true  soaps.  With  metallic  salts  it  exhibits  exactly  the  same 
reactions  as  potash.  On  evaporating  a  solution  of  the  base  in  a  vacuum, 
long  slender  needles  are  deposited,  which  are  evidently  the  hydrate  with 
an  additional  amount  of  crystallization  water.  After  some  time  these  nee- 
dles disappear  again,  and  a  semi-solid  mass  is  left,  which  is  the  hydrate 
of  tetrethyl-ammonium.  A  concentrated  solution  of  this  substance  in 
vrater  may  be  boiled  without  decomposition,  but  on  heating  the  dry  sub- 
stance, it  is  decomposed  into  pure  triethylamine,  water,  and  defiant  gas: 

N(C,H,).(OH)      =      H,0      +      N(C,H,),      +      C,H,. 

Tetrethyl-ammonium  hydrate  forms  neutral  salts  with  acids.  These  salts 
»re  mostly  very  soluble ;  several  yield  beautiful  crystals.  The  platinum- 
salt,  2NfC2Hj)4Gl .  PtCl4,  forms  orange-yellow  octohedrons,  which  are  about 
as  Boluble  as  the  corresponding  potassio-platinic  salt. 


BASES  0?  THB  METHYL  SERIES. 

Xethylamine,  CH,jN=NH,(CH,).  —  The  formation  and  the  method  of  pre- 
paring this  compound  from  methyl  cyanate  are  perfectly  analogous  to  those 
of  ethylamine  (p.  786) :  however,  methylamine  being  a  gas  at  the  common 
temperature,  it  is  necessary  to  cool  the  receiver  by  a  freezing  mixture. 
The  distillate,  which  is  an  aqueous  solution  of  methylamine,  is  saturated 
with  hydrochloric  acid,  and  evaporated  to  dryness.  A  crystalline  residue 
is  thus  obtained,  consisting  of  methylammonium  chloride,  and  this,  when 
distilled  with  dry  lime,  yields  methylamine  gas,  which,  like  ammonia  gas, 
must  be  collected  over  mercury.  It  is  distinguished  from  ammonia  by  a 
slightly  fishy  odor,  and  by  the  facility  with  which  it  burns.  Methylamine 
is  liquefied  at  about  — 18^:  its  sp.  gr.  is  1*08.  This  substance  is  the  most 
soluble  of  all  gases;  at  12^ C.  (54<>  F.),  one  volume  of  water  absorbs  1040 

62» 
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Tolumes  of  the  gas.  It  is  likewise  very  readily  absorbed  by  ebsrcoal.  In 
its  chemical  department  with  acids  and  other  substances,  methyUmine 
resembles  in  every  respect  ammonia  and  ethylamine.  MethyUmine  ap- 
pears to  be  produced  in  a  great  number  of  processes  of  destructiTe  distinc- 
tion :  it  has  been  formed  by  distilling  several  of  the  natural  organic  bases, 
such  as  codeine,  morphine,  caffeine,  and  several  others,  with  caustic  potash; 
frequently  a  mixture  of  several  bases  is  produced  in  this  manner. 

Among  the  numerous  derivatives  already  obtained  with  this  substance, 
methyl-urea,  CH,(CH,)N,0,  btmelkyUurea,  CH,(CH,)^,0,  and  methyl-tth^U 
vrea,  CH.(CH,)(C2H5tN,0,  may  be  mentioned.  The  latter  substance  has  been 
produced  by  t4ie  action  of  ethyl  oyanate  upon  methylamine.  A  series  of 
platinum-bases,  analogous  to  those  produced  by  the  action  of  ammonia 
upon  plaiinous  chloride  (p.  426),  have  likewise  been  obtained  with  methjl- 
amine. 

Bimethylamine,  C,HfN=NH(CHg),.  —  This  compound,  isomeric  with  ethyl- 
amine, is  prepared  by  the  action  of  ammonia  on  methyl  iodide.  Its  sepa- 
ration from  the  methylamine  and  trimethylamine  simultaneously  formed,  ia 
accomplished  by  means  of  oxalic  ether  (p.  735). 

Trimethylamine,  CgH^N  =-  N(CHs),.  —  This  substance  is  readily  obtained 
in  a  state  of  perfect  purity,  by  submitting  tetramethyl-ammonium  hydrate 
to  the  action  of  heat.  It  is  gaseous  at  the  common  temperature,  but  lique- 
fies at  about  90°  C.  (194°  F.),  to  a  mobile  liquid  of  very  powerfully  alkaline 
reaction.  Trimethylamine  produces  very  soluble  salts  with  acids.  The 
platinum-salt,  2NU(CH2)sCl .  PtCl^,  is  likewise  very  soluble,  and  crystallizes 
in  splendid  orange-red  octohedrons.  According  to  Mr.  Winkles,  large  quan- 
tities of  trimethylamine  are  found  in  the  liquor  in  which  salt  herrings  are 
preserved. 

Tetramethyl-ammoniam  Hydrate,  C.H^NO  =  N(CHj)^(OH).— The  corre- 
sponding iodide  may  be  obtained  by  adding  methyl  iodide  to  trimethylamine. 
The  two  substances  unite  with  a  sort,  of  explosion.  The  same  iodide  is 
prepared,  however,  with  less  difficulty,  simply  by  digesting  methyl  iodide 
with  an  alcoholic  solution  of  ammonia.  In  this  reaction  a  mixture  of  the 
iodides  of  ammonium,  methyl-ammonium,  bimethyl-ammonium,  trimethyl- 
ammonium,  and  tetramethyl-ammonium  is  produced.  The  first  and  la^t 
compounds  are  formed  in  largest  quantity,  and  may  be  separated  by  crys- 
tallixation,  the  iodide  of  tetramethyl-ammonium  being  but  sparingly  soluble 
in  water.  From  the  iodide  the  base  itself  is  separated  by  means  of  silver 
oxide.  Its  properties  are  similar  to  those  of  the  corresponding  ethyl-com- 
pound. It  differs,  however,  from  tetrethyl-ammonium  hydrate  in  its  be- 
havior when  heated  (p.  787),  yielding  trimethylamine  and  pure  methyl 
alcohol,  N(CH^)40Hs=N(CH,),-fCH,(0H). 


BASES  OF  THE  AMTL  SERIES. 

The  formation  of  these  bodies  being  perfectly  analogous  to  that  of  the 
corresponding  terms  in  the  ethyl  series,  we  refer  to  the  fuller  st-atement 
given  on  page  735,  and  confine  ourselves  to  a  brief  description  of  their 
principal  properties. 


trating, 

strong!  

have  a  fatty  lu.stre.     Amylamine  boils  at  93*^  C.  (199°''f.). 
An  amylamine-urea  has  been  prepared. 
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BUmylamine,  CjqHjjN  =  NH(C5H|,),  — An  aromatic  liquid,  less  soluble 
in  water,  and  less  alkaline  than  amylamine.  It  boils  at  about  170^  G. 
(338*  F.). 

Triamylamine,  CjjH^N  =  N(C4H„)g. — A  colorless  liquid,  of  properties 
similar  to  those  of  the  two  preceJitig  bases,  but  boiling  at  257°  C.  (495®  F.). 
The  salts  of  triamylamine  are  very  sparingly  soluble  in  water,  and  fuse« 
when  heated,  to  colorless  liquids,  floating  upon  water. 

Tetramyl-ammoniam  Hydrate,  C^H^NO  =  N(C5H„)40H.— This  sub- 
stance is*  far  less  soluble  than  the  corresponding  bases  of  the  methyl  and 
ethyl  series,  and  separates  as  an  oily  layer  on  adding  potash  to  the  aque- 
ous solution.  On  evaporating  the  solution  in  an  atmosphere  free  from  car- 
bonic acid,  the  alkali  may  be  obtained  in  splendid  crystals  of  considerable 
size.  When  submitted  to  distillation,  it  splits  into  water,  triamylamine,  and 
amylene : 

N(C,H„).OH        =        H,0        +        N(C.H„),        +        C.H., 

In  addition  to  the  bases  already  enumerated,  the  following  have  been  ob- 
tained by  analogous  processes,  viz.,  treatment  of  the  iodides  of  the  corre- 
sponding alcohol-radicals  with  ammonia:  propylamine,  C^H^N,  hezal- 
amine,  C.H|.N,  heptylamine,  C^H.-N,  octylamine,  C.H|gN,  and  nonylamine, 
C,H„N. 


BASES  OF  TUB  AROMATIC  SERIES. 

In  speaking  of  the  aromatic  hydrocarbons,  we  have  explained  that  each 
of  the  hydrocarbons  homologous  with  benzene  may  be  regarded  as  a  com- 
pound of  phenyl  with  one  or  more  alcohol-radicals  of  the  methyl  series, 
and  may  give  rise  to  two  series  of  derivatives,  accordingly  as  the  hydro- 
gen in  the  phenyl  or  in  the  alcohol- radical  is  replaced:  thus  from  toluene 
or  methyl-phenyl,  CjHg.CH,,  are  derived  chlorotoluene,  C^H^Cl.  CHg,  iso- 
meric with  benzyl  chloride,  C^Hj.  CIljCl,  —  and  cresol,  C^H40H  .  CHj,  iso- 
meric with  benzyl  alcohol,  Cglfs-CHjOH.  Each  of  these  hydrocarbons 
can  in  like  manner  yield  two  isomeric  bases,  accordingly  as  an  atom  of  hy- 
drogen in  one  part  or  the  other  of  its  molecule  is  replaced  by  amidogen, 
NU,:  thus  from  toluene  are  derived  two  bases  containing  C^DgN,  viz. : 

Cgn4(NHa) .  CH,  CgHj.  CH,NH, 

Toluidine.  Benzylamine. 

The  second  of  these,  benzylamine,  is  analogous  in  its  mode  of  formation, 
and  all  its  principal  characters,  to  the  bases  of  the  methyl  series,  and  may 
be  represented  by  the  formula  NH2(C7Hf),  derived  from  ammonia  by  sub- 
stitution of  the  univalent  radical,  benzyl,  C^H^,  for  hydrogen.  But  tolu- 
idine is  formed  in  a  different  manner,  viz.,  by  the  action  of  reducing  agents 
on  nitrotoluene,  nnd  differs  in  its  chemical  relations  from  benzylamine, 
much  in  the  same  manner  as  cresol  from  benzyl  alcohol,  being  altogether  a 
less  active  substance. 

Xylidine,  Cg!I„N  =  CgH,(NH,)  .  (CH,), ;  cumidine,  C^Hi^N  =  CeH^ 
(NH,) .  C3H7,  and  cymidine,  CjgHjgN,  bases  homologous  with  toluidine,  are 
obtained  in  like  manner  from  the  nitro-derivatives  of  the  corresponding 
hydrocarbons.  The  corresponding  bases  homologous  with  benzylamine 
have  not  yet  been  obtained. 

Aniline,  CfH^N.  —  There  is  but  one  aromatic  monamine  containing  six 
atoms  of  carbon,  viz.,  aniline,  CgH^N  ;  and  this  may  be  regarded  indiffer- 
ently, either  as  amidobenzene,  CgH5(NH,),  or  as  phenylamine^  ^\  C \\  *  ^^^^ 
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is  to  say,  as  a  lower  homologue  either  of  toluidlne  or  beniylamine.  The 
two  formuliB  just  given  are  in  fact  identical ;  and  moreoTer  aniline,  hoth 
in  its  modes  of  forntation  and  in  it«  properties,  exhibits  resemblasces,  on 
the  one  hand  to  toluidine  and  its  honiologues,  and  on  the  other  to  benzyl- 
amine  and  the  monamines  of  the  methjiic  series. 

Aniline  is  produced :  1.  By  heating  phenol  with  ammonia  in  sealed  tubes: 

CeHj(OH)        +        NH,        =        H,0        +        NH,{C,H,). 

2.  By  the  action  of  hydrogen  sulphide  and  other  reducing  agents  on  nitro- 
benzene: 

CeHsCNO,)     +     3H^     «     2H,0     +     8,    +     CeHj(NE,). 

The  first  of  these*  reactions  exhibits  the  relation  of  aniline  to  beniylamine : 
the  second,  its  relation  to  toluidine.  —  8.  By  the  action  of  caustic  potash 
upon  indigo : 

CgHsNO    +    4KH0   +    H,0    ==   C,H,N  =   2C0,K,  -f-   2H, 
Indigo.  Aniline. 

The  name  aniline  indicates  the  relation  of  this  compound  to  the  indigo 
group,  the  botanical  name  of  the  indigo-plant  being  Ind^ofera  anQ, 

Preparation.  —  1.  From  indigo.  —  Powdered  indigo  boiled  with  a  highly 
concentrated  solution  of  potassium  hydrate  dissoWes,  with  erolution  of  hy- 
drogen, to  a  brownish-red  liquid  containing  anthranilic  acid.  If  this  mtt- 
ter  be  transferred  to  a  retort  and  still  further  heated,  it  swells  np  and  fpves 
off  aniline,  which  condenses  in  the  form  of  oily  drops  in  the  neck  of  the 
retort  ani  in  the  receiver.  Separated  from  the  ammoniacal  water  by  which 
it  is  accompanied,  and  redistilled,  it  is  obtained  nearly  colorless. 

2.  In  order  to  prepare  aniline  from  nitrobenzene  (see  p.  495),  this  sub- 
stance is  submitted  to  a  process  discovered  by  Zinin,  which  has  proved  a 
very  abundant  source  of  artificial  organic  bases.  An  alcoholic  solution  of 
nitrobenzene  is  treated  with  ammonia  and  sulphuretted  hydrogen,  until  after 
some  hours  a  precipitation  of  sulphur  takes  place.  The  brown  liquid  is 
now  again  saturated  with  sulphuretted  hydrogen,  and  the  process  repealed 
until  sulphur  is  no  longer  separated.  The  reaction  may  be  remarkably 
accelerated  by  occasionally  heating  or  distilling  the  mixture.  The  liquid 
is  then  mixed  with  excess  of  acid,  filtered,  boiled  to  expel  alcohol  and  un- 
altered nitrobenzene,  and  then  distilled  with  excess  of  caustic  potash. 

If  the  aniline  be  required  quite  pure,  it  must  be  converted  into  oxalate, 
the  salt  several  times  crystallized  from  alcohol,  and  again  decomposed  by 
potash. 

B^champ  has  shown  that  the  reduction  of  nitrobenzene  may  be  effected 
even  more  conveniently  by  the  action  of  ferrous  acetate.  The  distillation  of 
one  part  of  nitrobenzene,  one  part  of  acetic  acid,  and  one  and  a  half  part 
of  iron  filings,  seems,  in  fact,  to  be  the  best  process  for  preparing  aniline.^ 
The  mass  swells  violently,  and  very  capacious  retorts  are  required. 

Aniline  exists  among  the  products  of  the  distillation  of  coal,  and  probably 
of  other  organic  matters:  it  is  formed  in  the  distillation  of  anthranilic  acid, 
and  occasionally  in  other  reactions. 

Aniline,  when  pure,  forms  a  thin,  oily,  colorless  liquid,  of  faint  vinous 
odor,  and  aromatic,  burning  taste.  It  is  very  volatile,  but  has,  nevertbe" 
less.a  high  boiling  point  ( IS-i^C.  [200°  F.]).  In  the  air  it  gradually  becomw 
yellow  or  brown,  and  acquires  a  resinous  consistence.  Its  density  is  1*028. 
Water  dissolves  aniline  to  a  certain  extent,  and  also  forms  with  it  a  kind  of 
hydrate:  alcohol  and  ether  are  miscible  with  it  in  all  proportions.     It  is 

•  According  to  Scheiirer-KeBtner.  the  treatment  of  nitmb«nsene  with  a  tery  lai^ge  qnaDlit; 
of  iron  fllii^p  and  aceric  ncid  reproducee  iMnzene  and  ammonia. 
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destitate  of  alkaline  reaction  to  test-paper,  but  is  quite  remarkable  for  the 
number  and  beauty  of  the  crystallizable  compounds  which  it  forms  with 
acids.  Two  extraordinary  reactions  characterize  this  body  and  distinguish 
it  from  all  others  —  Tiz.,  that  with  chromic  acid,  and  that  with  solution  of 
calcium  hypochlorite.  The  former  gives  with  aniline  a  deep-greenish  or 
bluish'black  precipitate,  and  the  latter  an  extremely  beautiful  violet-colored 
compound,  the  fine  tint  of  which  is,  however,  very  soon  destroyed.  When 
nitrous  acid  is  passed  into  aniline,  or  when  aniline  hydrochloride  is  treated 
with  silver  nitrate,  water  and  phenol  are  produced,  and  nitrogen  is  evolved: 

CeH,N      +      NO,H      =      C,HeO      +      H,0      +      N,. 

On  the  other  hand,  when  nitrous  acid  is  passed  through  an  alcoholic  solu* 
tion  of  aniline,  2  molecules  of  aniline  are  linked  together,  3  atoms  of  the 
hydrogen  being  replaced  by  1  atom  of  nitrogen.  Azodiphenyldiamine,  the 
substance  thus  produced,  contains  CnH^N,.  The  following  equation  re- 
presents its  formation : 

2CeH,N        +        NO,H        =r        Ci,H„N,        +        2H,0. 

• 

By  treatment  of  azodiphenyldiamine  with  nitrous  acid,  the  same  change  is 
repeated  once  more,  three  additional  atoms  of  hydrogen  being  again  re- 
placed by  one  of  nitrogen,  whereby  a  new  substance,  C^HgN^,  is  formed 
according  to  the  equation : 

CmH,iN,        +        NO,H        =        C„H,N«        +        2H,0. 

This  body  is  remarkable  for  the  violence  with  which,  like  fulminate  of 
silver,  it  explodes.  Griess,  who  discovered  these  substances,  has  succeeded 
in  obtaining  similar  compounds  from  several  others  of  the  basic  derivatives 
of  aniline. 

Paraniline.  —  In  the  manufacture  of  aniline  upon  a  large  scale,  several 
bases,  having  much  higher  boiling  points  than  aniline,  are  formed ;  among 
them  there  is  a  beautifully  crystalline  compound  called  paraniline,  poly- 
meric with  aniline  and  represented  by  the  formula  CjjHj^N,  =  2CjHyN. 
It  forms  two  series  of  salts,  of  which  the  hydrochlorides,  Ci^Hj^N,.  HCl  and 
^is^i4^s .  2HC1,  may  be  quoted  as  examples. 


Subatitution-productt  of  Aniline, 

Under  the  head  of  indigo,  a  product  of  oxidation  of  this  substance  will 
be  noticed^  to  which  the  name  isaiin  has  been  given.  When  isatin  is  dis- 
tilled with  an  exceedingly  concentrated  solution  of  caustic  potash,  it  is,  like 
indigo,  resolved  into  aniline,  carbon  dioxide,  and  free  hydrogen.  In  like 
manner,  ehlorisatin  and  dichlorisaliny  similarly  treated,  yield  products  anal- 
ogous to  aniline,  but  containing  one  or  two  atoms  of  chlorine  respectively 
in  the  place  of  hydrogen.  The  chloraniliney  CgHjClN,  and  dichloranilinty 
CqH^CI,N,  thus  produced,  cannot,  however,  be  obtained  by  the  direct  action 
of  chlorine  upon  aniline,  thus  differing  from  ordinary  substitution-com- 
pounds; but  aniline  may  be  reproduced  from  them  by  the  same  reagent 
that  is  capable  of  reconverting  chloracetio  acid  into  ordinary  acetic  acid  — 
namely,  an  amalgam  of  potassium  or  sodium  (see  p.  613).  They  are  the 
first  cases  on  record  of  organic  bases  containing  chlorine. 

Chloraniline  forms  large,  colorless  octohedrons,  having  exactly  the  odor 
and  taste  of  aniline,  very  volatile,  and  easily  fusible :  it  distils  without  de- 
composition at  a  high  temperature,  and  burns,  when  strongly  heated,  with 
a  red  smoky  fiame  with  greenish  border.  It  is  heavier  than  water,  in- 
different to  vegetable  colors,  and,  except  in  being  solid  at  common  tempera- 
tures, resembles  aniline  in  the  closest  manner.     It  forms  numerous  and 
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beautiful  crystallizable  salts.  If  aniline  be  treated  with  chloriDe  gas,  the 
action  goes  further,  irichloramline,  CeH^Cl,N,  being  produeed,  a  Tolatile 
crystalline  body  which  has  no  longer  any  basic  properties.  The  corre- 
sponding bromine  compounds  have  also  been  formed  and  described. 

Nuraniline,  CgH.(NO,)N.  —  This  compound  is  formed  by  the  action  of 
ammonium  sulphide  on  dinitrobenzene,  C,H4(N0j),  (p.  495).  The  attempts 
to  prepare  it  directly  from  aniline  by  means  of  nitric  acid  were  nnsuecess- 
ful,  the  principal  product  being  usually  picric  acid.  It  forms  yellow, 
acicular  crystals,  but  little  soluble  in  cold  water,  although  easily  dissolved 
by  alcohol  and  ether.  >¥hen  warmed  it  exhales  an  aromatic  odor,  and 
melts.  At  a  higher  temperature  it  distils  unchanged.  By  Tery  gentle  heat 
it  may  be  sublimed  without  fusion.  It  is  heayier  than  water,  does  not 
affect  test-paper,  and  like  chlor-  and  brom-aniline  fails  to  give  with  cal- 
cium hypochlorite  the  characteristic  reaction  of  the  normal  compouDd. 
Nitraniline  forms  crystallizable  salts,  of  which  the  hydrochloride  is  the 
best  known. 

Viphmylamine,  NH(G,Hj)y  is  produced  by  the  distillation  of  triphenyl- 
rosaniline  (aniline  bine).  It  is  a  crystalline  body,  melting  at  45°  C.  (113*^  F.) 
to  a  yellow  oil,  which  boils  constantly  at  810®C.  (590®  F  ).  A  substance 
possessing  the  composition  of  triphenylamine.,  CjgH^N,  but  probably  not  con- 
nected with  the  phenyl  series,  is  formed  by  submitting  the  compound  pro- 
duced by  the  action  of  cinnamic  aldehyde  upon  ammonium  sulphite  to  de- 
structive distillation,  together  with  an  excess  of  lime. 

Cyananilint  is  formed  by  the  action  of  cyanogen  upon  aniline :  it  is  & 
crystalline  substance  capable  of  combining  with  acids  like  aniline,  but  very 
prone  to  decomposition.  It  contains  C,4H|4N,  =r  (CjHjN), .  Cy,.  and  Ib 
therefore  a  compound  of  cyanogen  with  aniline,  not  a  substitution-deri- 
Tative. 

Derivatives  of  Aniline  containing  Alcohol-radirals. — By  treating  aniline  with 
iodide  or  bromide  of  methyl,  ethyl,  &c.,  in  different  proportions,  bases  are 
obtained  in  which  the  hydrogen  of  the  aniline  is  more  or  less  replaced  hj 
those  radicals.  Ftht/laniline,  CeHe(C2H5)N,  or  NH(C,Hg)(C,Hg),  and  biftkvl- 
aniline,  ^iC^Ui)J^C^}i^).  are  liquids  greatly  resembling  aniline;  the  former 
boils  at  204°C.  (1^99°?.);  the  latter  nt  2l3-5o  C.  (416«»F.).  Ethylanilme 
treated  with  amyl  iodide  yields  the  ht/driodide  of  ethyl- amy l-aniline^  N{CjH,) 
(C5H,,)(CjH5) .  HI,  or  iodide  of  ethyl-amyl-pkenylammonium,  NH(C,H,)(C5H„) 
(CjHjjI,  from  which  the  ethyl-amyl-aniline  may  be-separated  by  distilla- 
tion with  potash.  It  is  an  aromatic  oil  boiling  at  262°  C.  (504°  F.).  When 
treated  with  methyl  iodide,  it  is  converted  into  iodide  of  methyl-ethyl-awjl- 
phenf/lammonium,  'S{CU^){C^l\.)(C^}\ii)iC^li^)h  from  which  the  correspond- 
ing hydrate,  N(CH3)(C,H5)(C5H,i)iC,H5)  ^^^' "^ay  *>«  obtained  by  treau 
ment  with  silver  oxide  and  water.  This  hydrate  is  very  soluble  in  water, 
powerfully  alkaline,  and  has  an  extremely  bitter  taste. 

Many  other  substitution-derivatives  of  aniline  may  be  obtained  in  a  simi- 
lar manner. 

Toluldine,  C,H,N,  or  Amidotolnene,  CtH,(NH,)  =  C.H4(NH,)  CH,— This 
base  is  homologous  with  aniline,  and  is  obtained,  similarly  to  the  latter,  by 
the  action  of  hydrogen  sulphide  or  ferrous  acetate  on  nitrotoluene,  C,H^(NO;). 

It  forms  colorless  platy  crystals,  very  sparingly  soluble  in  water,  easily 
in  Rlcohol,  ether,  and  oils :  it  is  heavier  than  water,  has  an  aromatic  taMe 
and  odor,  and  a  very  feeble  alkaline  reaction.  At  40°  C  (104°  F.)  it  ni«lts, 
and  nt  205°-20C°  C  (402°  F),  boils  and  distils  unchanged.  It  forms  well- 
crystallized  salts,  but  is  nevertheless  a  weak  base,  and,  according  to  Wanklyn, 
is  absolutely  incapable  of  neutralizing  dilute  sulphuric  acid.  It  forms  M'b- 
stitution-derivatives  similar  to  those  of  aniline ;  those  containing  nieibyl 
and  its  homologues  are  more  basic  than  toluidine  itself. 
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Bensylamine,  CeHj .  CH,(NH,)  or  NH,(C7H7). — This  compound,  isomeric 
with  toluidine,  is  obtained,  together  with  dibeuzylamine,  NH(CfH^),,  and 
tri bensylamine,  N(C<fHf)3,  by  the  action  of  alcoholic  animonia  on  benzyl 
chloride,  C^H^.  CU,Ol  (p.  496),  the  mode  of  formation  of  these  bases  being 
exactly  analogous  to  that  of  methylamine  and  its  homologues,  and  alto- 
gether different  from  that  of  toluidine. 

Benzylamine  is  a  colorless  liquid,  boiling  atl82°-183o  C.  (860<>  F.)  (23® 
C.  (73*^  F.)  lower  than  toluidine).  It  mixes  in  all  proportions  with  water, 
and  is  separated  therefrom  by  potash.  It  Is  a  much  stronger  base  than 
tuluidine ;  absorbs  carbon  dioxide  rapidly,  forming  a  crystalline  carbonate ; 
unites  readily  with  other  acids,  producing  rise  of  temperature ;  and  fumes 
with  hydrochloric  acid.  The  hydrochloride  crystallizes  in  striated  tables; 
the  platinochloride,  2NH,(CfH,)Cl .  PtCl4,  in  orange-colored  laminae. 

XyUdine^  CaH„N  =  C,Hg(NH,) .  (CH,L  Cumidine,  C,H,-N,  or  probably 
C^HjNH,)  .  CjHy,  and  Cymithne,  C|qH,,N,  or  C,oH,j(NH2),  homologous  with 
toluidine,  are  obtained  in  like  manner  by  reduction  of  the  corresponding 
nitro-deriTatives.  Xylidine  boils  at  214°-216o  C.  (417*>-420OF.) ;  cumidine 
at  2'15P  C.  (437«>  F  ) ;  cymidine  at  260«>  C.  (482®  F.).  XyUdine  and  cumidine 
form  well-crystallized  salts. 

The  isomers  of  these  three  bases,  homologous  with  benzylamine,  have 
not  yet  been  obtained. 

Vaphthalidine,  C,o^9N=0,oHf(NH,),  is  interesting,  as  being  one  of  the 
first  compounds  of  its  kind  produced  by  Zinin's  process.  It  is  obtained  by 
the  action  of  ammonium  sulphide  upon  an  alcoholic  solution  of  nitro-napk- 
ihalene,  one  of  the  numerous  products  of  the  action  of  nitric  acid  upon 
naphthalene^  CiqH..  When  pure  it  forms  colorless  silky  needles,  fusible,  and 
volatile  without  decomposition.  It  has  a  powerful,  not  disagreeable  odor, 
and  burning  taste,  is  nearly  insoluble  in  water,  but  dissolves  readily  in 
alcohol  and  ether ;  the  solution  has  an  alkaline  reaction.  Naphthalidine 
forms  numerous  crystalline  salts. 
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These  are  bases  derived  from  two  or  three  molecules  of  ammonia,  N^H^ 
and  NgH,,  by  substitution  of  bivalent  and  trivalent  alcohol-radicals  for  a 
part  or  the  whole  of  the  hydrogen.  A  portion  of  the  hydrogen  may  at  the 
same  time  be  replaced  by  univalent  alcohol-radicals.  Diamines  are  formed 
by  the  action  of  the  chlorides,  bromides,  and  iodides  of  the  diatomic  alco- 
hol-radicals on  ammonia.  The  examination  of  these  compounds  is  far  from 
being  complete. 

Ethkne-diamine  and  Dikthens-di amine. — The  action  of  ammonia  upon 
ethene  dibromide  is  very  complex ;  but  among  the  products  of  the  reaction 
there  are  invariably  present  the  hydrobromides  of  two  bases  which  are 
derived  from  two  molecules  of  ammonia,  viz.,  ethene-diamine,  CgHgN,  -= 


of  acid,  may  be  represented  by  the  following  equations : 

^NH,  -f     (C,H,)'^Br,  =  [NjCC.HJ^'Hel'^Br,,  and 

4NH,  -h  2(C,HJ'^Br,  =  [N,(C,HJ^^,H,]'^Brj   -f   ^l^Yifir. 

Distillation  with  potash  separates  the  bases  from  these  salts,  potassium 
bromide  being  formed  at  the  same  time. 
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By  the  action  of  ethyl  iodide  upon  ethene-diamine  and  diethene-diamine, 
two  series  of  ethylated  derivatives  have  been  obtained.  We  can  here  give 
only  the  names  and  formulro  of  the  iodides : 

Bate*  derived  from  Ethene-diamine. 


Iodide  of  Ethene-diammonium    .     .     . 
Iodide  of  Diethyl-ethene-diammonium. 
Iodide  of  Tetretbyl-ethene-diammonium 
Iodide  of  Pentethyl-ethene-diammonium 
Iodide  of  Hexethyl-ethene-diammonium 


N,n.(C,H,)"]"I, 
N,H,(C,H,)"(C,H5)J"Ir 
N,H,(C^  )"(C  H^g'Tr 

>',(C.H4)"{C,H,)J"V 


Batet  derived  from  JHethene-diamine. 

Iodide  of  Diethene-diammonium  .     .     .     [^^^4(^3^4) "J I'l^ 

Iodide  of  Diethyl-diethene-  "" 

Iodide  of  Triethyl-diethene- 

lodide  of  Tetrethyl-diethene-diammonium 

DiBTHKNE-TKiAMiVE  AND  Trietbenb-tbiamins.  —  More  recently  two 
other  bases  have  been  separated  from  the  product  of  the  action  of  etfaene 
dibromide  upon  ammonia,  viz.,  dietbene  triamine,  (C^H^),!!,!?,.  and  tri- 
ethene-triaraine,  (C2H^)3H,Ng.  The  formation  of  these  bodies,  which  satu- 
rate 8  equivalenta  of  acid,  may  be  represented  by  the  following  equations : 

4Nn,  +  2(C,H,)'^Br,  =  rN,(C,H,)'^H,]'''Br3  -f    NH.Br 
6NH,  -f-  3(C,Hj'^Br,  =  [N,(C,HJ'',H8]'''Br,  +  SNH^Br. 

DiPHENTL-ETHENB-DIAMIKE,      N,H,(C2HJ  '^  (CeHg),,      and      DlPHBlTTL-PI- 

ETHENK-DiAMiNE,  N-(C,ir)''j(CjH5)-.  —  Aniline,  when  submitted  to  the  ac- 
tion of  ethene  bromide,  C^H^Br,,  solidifies  to  a  crystalline  mass,  from  which 
potash  separates  two  cr^'stalline  bases,  which  are  soluble  in  alcohol  and  in 
ether,  but  insoluble  in  water.  If  a  large  quantity  of  ethene  bromide  be 
made  to  act  upon  a  comparatively  small  quantity  of  aniline,  the  new  »alt 
contains  the  hydrobromide  of  diphenyl-ethene-diamine,  or  ethene-dianaline. 
Cj^H^N, .  2HBr  ==  2C8H.N  -\-  C,H^Br,.  On  the  other  hand,  if  the  aniline 
be  employed  in  excess,  nydrobromide  of  diethene-dianiline,  or  diphenvl- 
diethene-diamine,  C,gH,gN-.  2HBr,  is  formed,  together  with  hydrobromide 
of  aniline :  4CeH,N  -f  2CaH^Br,  =  CjaH^N,  .  2HBr  -f  2^CgH,N  .  UBr). 

METHENTL-nrPHENTL-Di AMINE,  CijHjjN,  =r  N,H(CH)'''(CgH5),,  also  calleil 
Formyl-aniline.  —  A  mixture  of  aniline  and  chloroform  exposed  in  sealed 
tubes  to  a  temperature  of  180®  solidifies  to  a  crystalline  mass,  consisting 
of  aniline  hydrochloride  and  the  hydrochloride  of  methenyl-diphen;l-dia- 
mine :  ^ 

4C,HtN  +  CHClj  =:  2(CeH,N .  HCl)  -f  C^H^N, .  HO. 

By  washing  with  cold  water,  the  aniline  hydrochloride  is  removed,  and  the 
residue,  treated  with  potash,  yields  the  diatomic  base  in  a  state  of  parity- 
It  is  crystalline,  insoluble  in  water,  soluble  in  alcohol  and  in  ether. 

Phentlene-piamine,  C^HgNj  =  N,H.(CeH^)''^  —  This  base  is  formed  by 
treating  dinitrobenzene  with  acetic  acid  and  iron  filings,  C-H4(N0,^,  4-  6Hj 
=  4HjO  4-  CjHgNj,  like  aniline  from  mononitrobenzene.  Freshly  distille*). 
phenylene-diamine  presents  itself  as  a  slightly-colored,  heavy  oil,  whicii, 
like  phenylamine,  has  a  tendency  to  assume  a  brown  color  on  exposure  to 
the  air.  The  base  gradually  solidifies  into  a  mass  of  crystals,  whith  be- 
come hard  and  white  by  washing  with  ether.  The  melting  point  of  pheny- 
lene-diamine is  68°  C.  (146«  F  ),  the  boiling  point  near  280°  C.  (536'' F!; 
itdistils  without  alteration.     This  substance  19  y^ry  soluble  in  water  »od 
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aleoboU  less  soluble  in  ether.  It  combines  with  2  molecules  of  acid,  form- 
ing well  crystalliied,  rather  soluble  salts. 

The  distillation  of  dinitrotoluene  and  dinitrocumene  with  acetic  acid  and 
iron  filings  produces  the  corresponding  bases,  toluylene-diamine,  C\H,oN,, 
and  eumylene-diamine,  CgH,,N,,  which  in  their  properties  and  chemical 
deportment  bear  a  great  resemblance  to  phenylene-diamine. 

.  r(c«Hj), 

Cabbodiphkntl-tbiaminb,  oa  Melahilins,  C|3HuN.-=N,J   C*'       . — The 

action  of  dry  cyanogen  chloride  upon  anhydrous  aniline  gives  rise  to  the 
formation  of  a  resinous  substance,  which  is  the  hydrochloride  of  melani- 
line.  Dissolved  in  water  and  mixed  with  potash,  the  above  salt  yields  nie- 
laniline  in  the  form  of  an  oil,  which  rapidly  solidifies  to  a  beautiful  crys- 
talline mass.  The  following  equation  represents  its  formation :  ^C^H^N  4- 
CNa  =  C^Hi^NsCl. 

Melaniline  treated  with  chlorine,  bromine,  iodine,  or  nitric  acid,  yields 
basic  substitution'products,  in  which  invariably  two  atoms  of  hydrogen  are 
replaced.  It  combines  with  two  equivalents  of  cyanogen,  and  forma  salts 
with  acids,  most  of  which  are  crystallizable. 


of  a  mixture  of  the  hydrochlorides  of  rosaniline  (p.  746),  and  of  several 
other  bases,  from  which,  by  appropriate  treatment,  a  beautiful  basic  com- 
pound may  be  extracted,  constituted  as  above.  The  formation  of  this  body, 
which  in  its  properties  closely  resembles  melaniline,  may  be  represented 
by  the  equation : 

eCeH^N    -f    CCI4    =    8(C,H,N.HCl)     -f    Ci,H„N,.  HCl. 

Melaniline  is  sometimes  represented  as  cyano-diphcDyl-diamine,  N,!!, 

!CN)(CgHj)y  and  pheiiyl-melaniltne  as  cyanotriphenyl-diamine,  N^H^rCN) 
CgHg),:  but  these  can  scarcely  be  regarded  as  true  formula;  of  diamines, 
inasmuch  as  they  contain  only  roonatomio  radicals,  and  may  therefore  b» 
resolved  into  formulas  of  monamines. 


Amline  Colon, 

Aniline  has  during  the  last  few  years  found  an  extensive  application  in 
the  arts,  a  long  series  of  coloring  matters  unequalled  in  brilliancy  and 
beauty  having,  by  the  action  of  different  oxidizing  agents,  been  produced 
from  it.  It  was  Mr.  W.  H.  Perkin  who  had  first  the  happy  idea  of  apply- 
ing practically  the  well-known  property  possessed  by  aniline,  of  forming 
violet  and  blue  solutions  when  treated  with  a  solution  of  chloride  of  lime 
or  chromic  acid.  He  succeeded  in  fixing  these  colors,  and  bringing  them 
into  a  form  adapted  for  the  dyer.  We  will  here  notice  some  of  the  most 
important  of  these  coloring  matters. 

Amiline-pubple,  Maute.—  According  to  Mr.  Perkin,  mauve  is  prepared 
by  mixing  solutions  of  aniline  sulphate  and  potassium  bichromate  in  equi- 
valent proportions,  and  allowing  the  mixture  to  stand  for  several  hours; 
the  black  precipitate  formed  is  filtered  otf  and  purified  from  admixed  po- 
tassium sulphate  by  washing  with  water;  it  is  then  dried  and  freed  from 
resinous  matter  by  repeated  digestion  with  coal-tar  naphtha,  and  finally 
dissolved  in  boiling  alcohol.  For  its  further  purification,  the  alcoholic 
solution  is  evaporated  to  dryness,  the  substance  is  dissolved  in  a  large 
68 
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quantity  of  boiling  water,  reprecipitated  with  oanstic  soda,  washed  witli 
water,  and  dissolved  in  alcohol ;  and  the  filtered  solution  is  evaporated  to 
dryness.  Mauve  thus  prepared  forms  a  brittle  substance,  having  a  beaa- 
tiful  bronze-colored  surface :  it  is  difiQcultly  soluble  in  cold  water,  although 
it  imparts  a  deep  purple  color  to  that  liquid :  it  is  more  soluble  in  liot 
water,  very  soluble  in  alcohol,  nearly  insoluble  in  ether  and  hydrocar- 
bons: it  dissolves  in  concentrated  acetic  acid,  from  which  it  cryfitallixes. 
Mauve  is  the  sulphate  of  a  base  called  iiiatft?dM«,  "having  the  composition 
CjtH^N^,  and  capable  of  forming  numerous  crystalline  salts  with  acids. 

Anilimb-rbd,  Rosanilinb,  C^HjyN,.  — This  substance  occurs  more  or  lest 
pure  in  commerce  under  the  names  roMeine,  fuehtine,  magenta,  axakme^  ke. 
A  red  color  had  been  observed  at  different  times  in  experimenting  with 
aniline,  more  especially  when  that  substance  was  digested  with  Dutch 
liquid.  The  red  coloring  matter,  though  still  impure,  was  first  obtained  in 
a  separate  state  from  the  product  formed  by  digesting  aniline  with  carbon 
tetrachloride  at  160^,  in  which  reaction  it  is  formed,  together  with  carbo- 
triphenyltriamine.  It  was  M.  Verguin  who  first  prepared  it  upon  a  large 
scale  by  the  action  of  stannic  chloride  upon  aniline.  Since  that  time  it  has 
been  produced  by  the  action  of  mercuric  salts,  arsenic  acid,  and  manj 
other  oxidizing  agents,  upon  aniline.  The  most  advantageous  mode  of  pre 
paration  is  the  fbllowlng:  A  mixture  of  12  parts  of  the  dry  arsenic  add 
which  occurs  in  commerce,  and  10  parts  of  aniline,  is  heated  to  120®  or 
140*>  C.  (250'»-280»  F.),  for  about  six  hours:  a  little  water  may  be  added 
with  advantage.  The  product,  which  is  a  hard  mass  possessing  the  lustre 
of  bronze,  is  dissolved  in  hot  water  and  precipitated  by  a  slight  excess  of 
soda:  the  precipitate  when  washed  with  water,  and  dissolved  in  acetic 
acid,  forms  the  roseine  of  commerce.  In  order  to  purify  this  still  crude 
substance,  it  is  boiled  with  an  excess  of  soda,  to  separate  any  aniline  thai 
it  may  contain;  and  the  washed  precipitate  is  dissolved  in  very  dilute 
mineral  acid,  filtered  from  undissolved  tarry  matter,  and  re-precipitated  with 
alkali.  The  compounds  of  rosaniline  with  one  molecule  of  acid  are  beau- 
tifully crystallized  substances,  which  in  the  dry  state  possess  a  green  color 
with  golden  lustre;  with  water  they  furnish  a  very  intensely  colored  red 
solution.  The  free  base,  first  obtained  by  Mr.  Nicholson,  presents  itself 
in  colorless  crystalline  plates,  insoluble  in  water,  soluble  in  alcohol  and 
ether,  with  a  red  color,  which  it  also  acquires  on  exposure  to  the  air.  Ros- 
aniline in  the  anhydrous  state  is  represented  by  the  formula  C^Hi^N,, 
and  in  the  hjrdrated  state,  such  as  it  assumes  when  isolated  from  its  com- 
pounds, by  the  formula  C^qHjjN,.  H,0.  It  is  a  triamine  capable  of  com- 
bining with  one,  two,  or  three  equivalents  of  acid.  The  aniline  rt'ds  of 
commerce  are  saline  compounds,  more  or  less  pure,  of  rosaniline  with  one 
equivalent  of  acid.  The  acetate,  which  is  chiefly  found  in  conimerce  in 
England,  has  been  prepared  by  Mr  Nicholson  in  splendid  crystals  of  very 
considerable  dimensions,  having  the  composition  Cg^H^N, .  C^H^O,.  In 
France,  the  chloride  is  chiefly  employed;  its  formula  is  CjqHjjNj.  HCL  The 
action  of  ammonium  sulphide  upon  rosaniline  gives  rise  to  Uncamline,  C^ 
HjjNj,  a  base  containing  two  additional  atoms  of  hydrogen  This  base  is 
itself  colorless,  and  forms  colorless  salts  containing  3  equivalents  of  acid, 
such  as  CjoHjiNg .  HCl.     Oxidizing  agenta  reproduce  rosaniline. 

The  molecular  constitution  of  rosaniline  has  not  been  distinctly  made 
out.  Neither  is  its  mode  of  formation  thoroughly  understood;  but  one 
very  important  fact  has  been  brought  to  light  by  the  researches  of  Hof- 
niann,  and  confirmed  by  the  experience  of  manufacturers — namely,  tbat 
pure  aniline,  from  whatever  source  it  may  be  obtained,  is  incapable  of  fur- 
nishing aniline-red.  Commercial  aniline  prepared  from  coal-tar  always  in 
fact  contains  toluidine  as  well  as  aniline ;  and  Hofmann  has  shown  that  the 
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presence  of  this  base,  together  with  aniline,  is  essential  to  the  formation 
of  the  red  d^e.  Toluidiac  by  itself  is  just  as  incapable  of  yielding  the 
red  as  pure  aniline,  but  when  a  mixture  of  pure  aniline  and  pure  toluidine 
is  treated  with  stannic  or  mercuric  chloride,  or  with  arsenic  acid,  the  red 
coloring  matter  is  immediately  produced.  Its  formation  may  perhaps  be 
represented  by  the  equation: 

CjH,N        4-        2C,H,N        =        C^HjjN,        +        8H, 
Aniline.  Toluidine.  Rosaniline. 

Rosaniline  is  doubtless  a  triamine,  and  the  formula  N,(CyH,)'',.  (CjHJ^^II, 
has  been  suggested  as  the  rational  expression  of  its  constitution.  This, 
however,  is  not  the  formula  of  a  true  triamine,  since  it  contains  only  biva- 
lent radicals,  and  may  be  resolved  into  NH,  +  N,(C^H,)^^,(CeH^j^^  or 
N^C.H,)^^H  +  N,(C,He)/',H,. 

Aniline- BLUK  and  Aniline-violbt. — MM.  Girard  and  De  Laire  obtained 
aniline-blue  by  digesting  rosaniline  with  an  excess  of  aniline  at  160°-1(>0® 
C.  (300**-320°  F.).  Together  with  aniline-blue,  which  is  the  principal  pro- 
duct of  the  reaction,  several  other  coloring  matters  (violet  and  green)  and 
indifferent  substances  are  formed,  considerable  quantities  of  ammonia  being 
invariably  evolved.  The  crude  blue  is  purified  by  treating  it  successively 
with  boiling  water  acidified  with  hydrochloric  acid,  and  with  pure  water. 
The  blue  coloring  matter  is  said  to  be  obtained  from  its  boiling  alcoholic 
solution  in  brilliant  needles.  It  consists  of  the  hydrochloride  of  triphenyl- 
rosanUiney  C«Hu(CjlIj)jNj.  By  heating  rosaniline  with  ethyl-iodide.  Dr. 
Hofmann  *  has  obtained  an  aniline-violet,  having  the  composition  of  hydri- 
odide  of  tnethyl-roaanilim,  ^2^^^\^{G2^i)J!^r  Another  aniline- violet  is  pro- 
duced by  heating  rosaniline  with  a  quantity  of  aniline  less  than  suflicient 
to  form  aniline-blue. 

Anilinb-tbllow,  Chbtsanilinb. — ^In  the  preparation  of  aniline-red,  a 
considerable  quantity  of  secondary  product!^  is  produced,  from  which  Mr. 
Nicholson  has  succeeded  in  extracting  a  yellow  coloring  matter.  This  sub- 
stance, which  has  b§en  called  chrytanUine^  contains  C^gHj^Ng :  it  is  also  a 
well-defined  base,  forming  two  series  of  salts,  the  majority  of  them  being 
very  well  crystallized.  The  two  hydrochlorides  of  chrysaniline  are  C|oH,f 
N,.  HCl,  and  C^Hj^N, .  2HCI.  The  nitrate  of  chrysaniline  is  so  insoluble 
in  water,  that  nitric  acid  may  be  precipitated  even  from  a  dilute  solution 
of  nitrates  by  means  of  the  more  soluble  hydrochlorate  or  acetate  of 
chrysaniline.  Chrysaniline  is  intimately  related  to  rosaniline  and  leucani- 
line,  differing  from  the  former  by  2  and  from  the  latter  by  4  atoms  of  hy- 
drogen : 

Chrysaniline     .         .        .     CjoHj^N, 

Rosaniline        .         .         .     C,oH,^N, 

Leucaniline      .         .        .     Cg^Hj^Nj. 


APPENDIX  TO  THE  ALCOHOLIC  AMMONIAS. 

Under  this  head  we  shall  include  certain  artificial  organic  bases,  the 
molecular  constitution  of  which  has  not  been  very  distinctly  made  out ; 
also  the  natural  bases  or  alkaloids  found  in  living  organisms;  the  phos- 
phorus, arsenic,  and  antimony  bases,  analogous  in  composition  to  the 
amines;  and  certain  other  compounds  of  organic  radicals  with  metals. 

*  Proceodinga  of  the  Boyal  Society,'  xUi.  13. 
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I. — Artificial  Organic  Bates  obtained  from  Tarions  Bouom. 

BASES  OBI'AINED  BY  DESTRUCTIVE   DISTILLATION. 

The  destructive  disitillation  of  org^anic  Pubstances  has  furnished  a  rich 
harvest  of  basic  compounds.  A  few  of  the  more  interesting  may  here  be 
noticed. 

Chinolinb  (Leucoline),  CjTI^N. — Quinine,  cinchonine,  strychnine,  and 
probably  other  bodies  of  this  class,  when  distilled  with  a  very  concentrated 
solution  of  potash,  yield  an  oily  product  resembling  aniline  in  many  re- 
spects, and  possessing  strong  basic  powers :  it  is,  however,  less  volatile 
than  that  substance,  and  boils  at  235°  C.  (455®  F.).  When  pure,  it  is  color- 
less, and  hns  a  ftiint  odor  of  bitter  almonds.  Its  density  is  1-081.  It  is 
slightly  soluble  in  water,  and  miscible  in  all  proportions  with  alcohol  ether, 
and  essential  oils.  Chinoline  forms  salts  with  acids,  which,  generally 
speaking,  do  not  crystalliie  very  freely.  Chinoline  is  n  tertiary  mon&mine. 
When  digested  with  ethyl  iodide,  it  yield*  iodide  of  ethvlch  noline,  C„H|jNI 
=  CgHYlC,Hj)NI.  Treatment  of  this  iodide  with  silvir  oxide  liberates  the 
base  C,|Ut2N(H0),  Avhich  exhibits  all  the  characters  of  tht>  ammonium  bases; 
being  powerfully  alkaline,  easily  soluble  in  water,  and  not  volatile.  Mr. 
0.  Greville  Williams  has  shown  that  the  basic  oil  obtained  by  distilling  cin- 
chonine contains,  in  addition  to  chinoline,  two  other  bases  of  very  similar 
properties,  to  which  the  names  of  Irpidinf  and  cryptidine  have  been  given. 
Lepidine  contains  CigH^N,  cryptidine  CijHuN. 

CiiiNOLiNE-BLiTE,  Cyaninb.  —  The  action  of  amyl  iodide  upon  chinoline 
gives  rise  to  iodide  of  amylchinoline,  Cj^H^gNI.  Addition  of  an  excess  of 
soda  to  an  aqueous  solution  of  this  iodide  produces  a  black  resinous  pre- 
cipitate, which  dissolves  in  alcohol  with  a  magnificent  blue  color.  This 
precipitate  is  the  iodide  of  a  new  base,  discovered  by  Mr.  C.  G.  Williams, 
which  has  been  called  cyanine.  The  color  of  this  body  is  unfortunately 
very  fugitive.  According  to  recent  researches,*  the  formation  of  the  new 
iodide  is  represented  by  the  following  equation:  2C|4Hj,NI  =  C^HjgN,! 
-f  HI. 

PicoLiNE,  CjH,N.  —  Dr.  Anderson  has  described  under  this  name  a  vol- 
atile, oily  base,  which  is  present  in  certain  varieties  of  coal-tar  naphtha, 
being  there  associated  with  aniline,  chinoline,  and  several  other  voLitile 
substances  but  imperfectly  understood.  It  is  separated  without  difficulty 
from  the  two  bases  just  mentioned,  by  distillation,  in  virtue  of  its  superior 
volatility.  Picoline,  when  pure,  is  a  colorless,  transparent,  limpid  liquid. 
of  powerful  and  persistent  odor,  and  acrid,  bitter  taste.  It  is  unaffected 
by  ft  cold  of — 18°.  It  is  extremely  volatile,  evaporates  rapidly  in  the  air, 
and  does  not  become  brown  like  aniline  when  kept  in  an  ill-stopped  bottle. 
Picoline  has  a  sp  gr.  of  0-955,  and  boils  at  138°  C.  (271°  F.).  It  mixes  in 
all  proportions  with  pure  water,  but  is  insoluble  in  caustic  potash  and 
most  saline  solutions.  The  alkalinity  of  this  substance  is  exceedingly  f^ell 
marked:  it  restores  the  blue  color  of  reddened  litmus,  and  forms  a  series 
of  crystallizable  salts.  It  is  isomeric  with  aniline,  but  completely  dis- 
tinguished from  that  body  by  numerous  characteristic  reactions. 


BASES  FROM  ANIMAL  OIL. 


The  oily  liquid  obtained  by  the  distillation  of  bones  and  animal  matter 
generally,  frequently  designated  by  the  term  DippeVs  Oil,  contains  several 


•  H'fmann^  Compt.  Rend.  Iv.  S49. 
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Tolatile  organic  bases.  Together  with  some  of  the  substances  already  de- 
scribed, such  as  methylamine,  ethylamine,  picoline,  and  aniline,  Dr.  Ander- 
son has  found  in  it  several  peculiar  bases. 

Petinink,  C^HjiN. — The  properties  of  this  substance  are  very  analogous 
to  those  of  biethylamine  and  triethylamine.  It  has  the  same  composition 
as  biethylamine,  but  differs  from  it  by  its  higher  boiling-point,  which  is 
79-5«  C.  (176*»  F),  that  of  biethylamine  being  ST-S^  C.  (136®  F.)  (p.  786). 
Some  chemists  are  inclined  to  explain  this  difference  oy  assuming  that 
petinine^is  identical  with  butylamine^  NH,(C,Hy).  This  assumption  may  be 
correct,  but  is  not  as  yet  supported  by  any  experimental  Evidence.  The 
true  butylamine  has  been  obtained  by  M.  Wurtz  from  butyUaloohol  in  the 
same  manner  as  ethylamine  is  obtained  from  common  alcohol. 

Ptbidine,  C(HgN,  much  resembles  picoline,  and  is  obtained  by  repeatedly 
rectifying  the  bases  of  Dippel's  oil,  which  distil  at  116°  0.  (239<'  F.). 

LuTiDiNE,  CJEf^. — Oily  base  contained  in  the  portion  which  distils  at 
154«  C.  (309«  F.). 

GoLLiDiNB,  C.HjiN'.  —  Oily  base  very  similar  to  the  preceding  ones.  Boil- 
ing point  17«°  C.  (364»  F.). 

To  the  same  series  also  belongs  an  oily  base,  lately  isolated  by  Mr.  C. 
Greville  Williams  from  the  basic  products  of  the  distillation  of  Dorsetshire 
shale,  and  described  by  him  under  the  name  of  parvoline,  Parvoline  is 
said  to  contain  C,Hj,N. 

It  will  be  observed  that  these  bases,  the  constituent  radicals  of  which 
are  not  yet  clearly  made  out,  are  isomeric  with  the  homologues  of  aniline . 

?  .  CjHjN  .  Pyridine. 

Aniline  .  CgH^N  .  Picoline. 

Toluidine  .  C^H,N  .  Lutidine. 

Xylidine  .  CgHuN  .  Collidine. 

Cumidine  .  C^HjjN  .  Parvoline. 

Cymidine  .  CjoIl^N. 

The  first  term  of  the  aniline  series,  and  the  last  of  the  pyridine  series, 
are  unknown.  The  bases  of  the  aniline  series  are  primary,  those  of  the 
pyridine  series  tertiary  monamines. 

Ptrbol,  C4H5N.  —  This  substance  was  first  obsarved  by  Runge  in  coal- 
tar;  Anderson  afterward  obtained  it  from  animal  oil.  It  has  the  proper- 
ties of  a  very  weak  base,  the  compounds  of  which  with  acids  are  destroyed 
by  boiling  with  water.  To  prepare  pyrrol,  the  bases  of  animal  oil  are  dis- 
solved in  sulphuric  acid ;  the  solution,  when  submitted  to  protracted  ebulli- 
tion, retains  the  stronger  bases,  allowing  the  pyrrol  to  pass  over.  The 
distillate  is  heated  with  solid  potassium  hydrate,  when  the  pyrrol  combines 
slowly  with  the  alkali,  admixed  impurities  being  volatilized.  By  dissolving 
the  potassium-compound  in  water,  the  pyrrol  separates  as  an  oily  liquid, 
floating  on  the  surface  of  the  solution.  Pyrrol  is  colorless,  insoluble  in 
water  and  alkalies,  slowly  soluble  in  acids:  it  has  an  ethereal  odor  resem- 
bling that  of  chloroform,  a  specific  gravity  =  1'077,-  and  boils  at  138°  C. 
(271°  F.).  Pyrrol  is  easily  recognized  by  the  purple  color  which  it  impart-s 
to  fir-wood  moistened  with  hydrochloric  acid. 

By  heating  an  acid  solution  of  pyrrol,  a  red,  flaky  substance,  pyrrol-red, 
is  produced,  containing  Cj^Hj^N^Oj,  the  formation  of  which  is  represented 
by  the  following  equation : 

SC^H^N        -h        H,0        =        C„H„N,0        -f        NH,. 

68« 
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BASKS  OBTAINED  BT  THE  ACTION  OF  AMMONIA  UPON  ALDBHTDUi 

The  bodies  called  hydramides,  produced  bj  the  action  of  ammonia  on  fnr^ 
furol  (p.  695),  and  on  the  aldehydes  of  (he  aromatic  series,  are  ceulral 
substances,  not  capable  of  uniting  with  acids;  but,  when  boiled  withaqac- 
ous  potash,  they  are  conyerted,  without  addition  or  abstraction  of  any  ele- 
ments whatever,  into  isomeric  compounds,  which  are  strong  bases,  com- 
bining readily  with  acids  and  forming  definite  salts. 

FuRPURiNB,  CisH^N^O.,*  is  formed  in  the  manner  just  described  from 
furfuramide,  a  hydramide  obtained  by  the  action  of  ammonia  on  furfurol 
(p.  695).     It  is  a  powerful  organic  base,  forming  with  acids  a  series  of 
beautiful  crystallizable  salts,  decomposing  at  a   boiling  heat  the  saline 
compounds  of  ammonia.    Furfurine  is  very  sparingly  soluble  in  cold  water, 
but  dis-soWes  in  about  135  parts  at  about  100^.     Alcohol  and  ether  dissolre 
it  freely :  the  solutions  have  a  strong  alkaline  reaction.     It  melts  below 
the  boiling  point  of  water,  and,  when  strongly  heated,  inflames  and  burns 
with  a  red  and  smoky  light,  leaving  but  little  charcoal.     Its  salts  ire  in- 
tensely bitter. 

Amabine  (Benzoline),  C^iHjgN,.  —  Hydrobenzamide,  produced  by  the 
action  of  ammonia  on  pure  bitter-almond  oil  (p.  690),  when  long  boiled 
with  a  solution  of  caustic  potash,  suffers  the  same  kind  of  change  as  fur- 
furamide, becoming  entirely  converted  into  the  isomeric  base  called  oma- 
rme.  Precipitated  by  ammonia  from  a  cold  solution  of  the  hydrochloride 
or  sulphate,  amarine  separates  in  white  curdy  masses,  which  when  washed 
and  dried  become  greatly  reduced  in  volume.  In  this  state  it  becomes 
strongly  electric  by  friction  with  a  spatula.  It  is  insoluble  in  water,  but 
dissolves  abundantly  in  alcohol:  the  solution  is  highly  alkaline  to  test- 
paper,  and  if  sufficiently  concentrated,  deposits  the  amarine  on  standing  in 
small,  colorless,  prismatic  crystals.  Below  100^  it  melts,  and  on  cooling 
assumes  a  glassy  or  resinous  condition.  Strongly  heated  in  a  retort,  it  de- 
composes, with  production  of  ammonia,  a  volatile  oil  not  yet  examined, 
and  a  new  body,  pyrobrnzoline  or  lophine^  ^jiHifN,  (?),  which  appears  to  be 
a  feebly  basic  substance,  insoluble  in  water,  soluble  in  boiling  alcohol.  It 
is  fusible  by  moderate  heat,  and  on  cooling  becomes  a  mass  of  colorless 
radiating  needles  or  plates.  The  salts  of  amarine  are  mostly  sparingly 
soluble:  the  sulphate,  nitrate,  and  hydrochloride  are  crystsUisable  and 
very  definite. 

TuiAi^DiNR,  CjHjjNS-.  —  This  base  is  obtained  by  dtspolving  the  crystal- 
line compound  of  aldehyde  with  ammonia  fp.  087)  in  from  12  to  16  parts 
of  water,  mixing  the  solution  with  a  few  drops  of  caustic  ammonia,  and 
then  subjecting  the  whole  to  a  feeble  stream  of  sulphuretted  hydrogen. 
After  a  time  the  liquid  becomes  turbid,  and  deposits  thialdine  as  a  white 
crystalline  substance.  It  is  separated,  washed,  dissolved  in  ether,  and  the 
solution  mixed  with  alcohol  and  left  to  evaporate  spontaneously,  by  which 
means  the  base  is  obtained  in  large,  regular,  rhombic  crystals,  having  the 
form  of  gypsum.  The  crystals  are  heavier  than  water,  transparent  and 
colorles<«.  They  refract  light  strongly.  Thialdine  has  a  somewhat  aro- 
matic odor,  melts  at  43'3°,  and  volatilizes  slowly  at  common  teuipcraturM. 
It  distils  unchanged  with  the  vapor  of  water,  but  decomposes  when  heated 
alone.  It  is  very  sparingly  soluble  in  water,  easily  in  alcohol  and  ether. 
It  has  no  action  on  vegetable  colors,  but  dissolves  freely  in  acids,  forming 
crystallizable  salts.    Heated  with  slaked  lime,  it  is  said  to  yield  cbinoline. 

A  very  similar  compound  containing  selenium  has  been  prepared. 

*  Th{!«  remarkable  »ibjitiincn,  the  nearwt  approach  to  the  native  alkaloids  yet  made,  VM 
discorered  by  the  author  of  thia  maoual.  —  Eds. 
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Alalinb,  CjH^NOy  produced  by  treating  acetic  aldehyde  witli  hydro- 
cyanic and  hydrochloric  acids,  and  leucine,  C^HjjNUj,  obtained,  iu  like 
manner,  from  Yuleric  aldehyde,  are  likewiBe  bases,  forming  detiuite  salts 
with  acids;  but  they  are  also  acids,  capable  of  forming  salts  by  exchanging 
their  hydrogen  foi*  metals  ;  they  have  indeed  the  composition  of  amido 
propionic  and  amidocaproic  acids,  and  as  such  have  been  already  de- 
scribed  (pp.  616,  619).  Glycocine.  CjHjNOj  (p.  614),  is  another  body  of  the 
same  series,  and  possessing  similar  properties. 


II. — Vatnral  Organic  Bates,  or  Alkaloids. 

The  organic  alkaloids  constitute  a  remarkable  and  most  interesting  group 
of  bodies:  they  are  raefc  with  in  rarious  plants,  some  of  them  also  in  the 
animal  organism.  They  are,  for  the  most  part,  sparingly  soluble  in  water, 
but  dissoWe  in  hot  alcohol,  from  which  they  often  crystallize  in  a  very 
beautiful  manner  on  cooling.  Several  of  them,  however,  are  oily,  volatile 
liquids.  The  taste  of  the  vegeto-alkalies,  when  in  solution,  is  usually  in- 
tensely bitter,  and  their  action  upon  the  animal  economy  exceedingly  ener- 
getic. They  all  contain  a  considerable  quantity  of  nitrogen,  and  are  very 
complicated  in  constitution,  having  high  combining  numbers.  This  class 
of  bodies  is  very  numerous;  but  the  limits  of  this  elementary  work  permit 
us  to  study  only  the  more  important  members  included  in  it. 

None  of  the  organic  bases  occurring  in  plants  have  yet  been  formed  by 
artificial  means ;  and  their  constitution  is  far  from  being  completely  under- 
stood. There  can  be  no  doubt,  however,  that  the  natural  nlkaloids,  like 
the  artificial  bases,  are  substitution-products  of  ammonia.  Many  of  them, 
when  submitted  to  the  action  of  methyl  or  ethyl  iodide,  are  capable  of  ab- 
sorbing a  smaller  or  greater  number  of  equivalents  of  methyl  and  ethyl, 
and  their  deportment  with  these  alcohol-iodides  permits  us  to  ascertain 
with  great  precision  their  degree  of  substitution.  If  a  natural  alkaloid, 
when  submitted  to  the  action  of  ethyl  iodide,  be  found  to  require  for  con- 
version into  a  base  of  the  formula, 


either  1,  or  2,  or  8  equivalents  of  ethyl,  we  may  infer  that  the  alkaloid  in 
question  belongs  to  the  class  of  bases  represented  by  the  formulce: 

N  i  B  or  N  ]  B  or  N  i  II 

ic  (H  (II 

f.  e.,  that  it  is  a  tertiary,  a  secondary,  or  a  primary  monamine  All  natu- 
ral alkaloids  which  have  been  examined,  with  the  exception  of  conine,  are 
tertiary  bases. 

Morpbine,  or  Korphia,  C„H,,NO,. — This  is  the  chief  active  principle 
of  opium :  it  is  the  most  characteristic  body  of  the  group,  and  the  earliest 
known,  dating  back  to  the  year  1804,  when  it  was  discovered  by  Sertiirner. 

Opium,  the  inspissated  juice  of  the  poppy-capsule,  is  a  very  complicated 
substnnce,  containing,  besides  morphine,  a  host  of  other  alkaloids  in  very 
variable  quantities,  combined  with  sulphuric  acid  and  meconic  acid  (p.  679). 
In  addition  to  these,  there  are  gummy,  resinons,  and  coloring  matters, 
caoutchouc,  &c.,  besides  mechanical  impurities,  as  chopped  leaves.     The 
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opium  of  Turkey  is  the  most  valuable,  and  contains  the  Largest  quantity  of 
morphine :  the  opiums  of  Egypt  and  of  India  are  considerably  inferior. 
Opium  has  been  produced  in  England  of  the  finest  quality,  but  at  great  cost. 

If  ammonia  be  added  to  a  clear,  aqueous  infusion  of  opium,  a  very  abun- 
dant buff-colored  or  brownish- white  precipitate  falls,  which  consists  prin- 
cipally of  morphine  and  narcotine,  rendered  insoluble  by  the  withdrawal 
of  the  acid.  The  product  is  too  impure,  howeyer,  for  use.  The  chief  dif- 
ficulty in  the  preparation  of  these  substances  is  to  get  rid  of  the  coloring 
matter,  which  adheres  with  great  obstinacy,  redissolving  with  the  precipi- 
tates, and  being  again  in  part  thrown  down  when  the  solutions  are  Mtu- 
rated  with  an  alkali.  The  following  method,  which  succeeds  well  npon  a 
small  scale,  will  serve  to  give  the  student  some  idea  of  a  proce!>s  very  com- 
monly pursued  when  it  is  desired  to  isolate  at  once  an  insoluble  organic 
base,  and  the  acid  with  which  it  is  in  combination:  A  filtered  solution  of 
opium  in  tepid  water  is  mixed  with  lead  acetate  in  excess:  the  precipitated 
lead  meconate  is  separated  by  a  filter,  and  through  the  solution  containing 
morphine  acetate,  now  freed  to  a  considerable  extent  from  color,  a  stream 
of  sulphuretted  hydrogen  is  passed.  The  filtered  and  nearly  colorless 
liquid,  from  which  the  lead  has  been  thus  removed,  may  be  warmed  to  ex- 
pel the  excess  of  gas,  once  more  filtered,  and  then  mixed  with  a  slight 
excess  of  caustic  ammonia,  which  throws  down  the  morphine  and  narco- 
tine :  these  may  be  separated  by  boiling  ether,  in  which  the  latter  is  solu- 
ble. The  lead  meconate,  well  washed,  suspended  in  water,  and  decomposed 
by  sulphuretted  hydrogen,  yields  a  solution  of  meconic  acid. 

Morphine  and  its  salts  are  advantageously  prepared,  on  the  large  Fcnle, 
by  the  process  of  Dr.  Gregory.  A  strong  infusion  of  opium  is  mixed  with 
a  solution  of  calcium  chloride,  free  from  iron;  calcium  meconate,  which  ia 
nearly  insoluble,  then  separates,  while  the  hydrochloric  acid  is  transferred 
to  the  alkaloids.  By  duly  concentrating  the  filtered  solution,  the  hydro- 
chloride of  morphine  may  be  made  to  cryst>illize,  while  the  narcotine  and 
other  bodies  are  left  behind.  Repeated  recrystallization,  and  the  use  of 
animal  charcoal,  then  suffice  to  whiten  and  purify  the  salt,  from  which  tlie 
base  may  be  precipitated  in  the  pure  state  by  ammonia.  Other  processes 
have  been  proposed,  as  that  of  M.  Thiboumery,  which  consists  in  adiiing 
slaked  lime  in  excess  to  an  infusion  of  opium,  by  which  the  meconic  acid  is 
rendered  insoluble,  while  the  morphine  is  taken  up  with  ease  by  the  alka- 
line earth.  By  exactly  neutraliiing  the  filtered  solution  wiih  hydrochloric 
acid,  the  morphine  is  precipitated,  but  in  a  somewhat  colored  state. 

Morphine,  when  crystallized  from  alcohol,  forms  small  but  very  brilliant 
prismatic  crystals,  which  are  transparent  and  colorless.  It  requires  at 
least  1000  parts  of  water  for  solution,  tastes  slightly  bitter,  and  has  an 
alkaline  reaction.  These  effects  are  much  more  evident  in  the  alcoholic 
solution.  It  dissolves  in  about  30  parts  of  boiling  alcohol,  and  with  great 
facility  in  dilute  acids ;  it  is  also  dissolved  by  excess  of  caustic  potash  ur 
soda,  but  scarcely  by  excess  of  ammonia.  When  heated  in  the  air,  mor- 
phine melts,  inflames  like  a  resin,  and  leaves  a  small  quantity  of  charcoal, 
which  easily  burns  away. 

Morphine  in  powder  strikes  a  deep-bluish  color  with  neutral  ferric  salt«, 
decomposes  iodic  acid  with  liberation  of  iodine,  and  forms  a  deep-yellow 
or  red  compound  with  nitric  acid  :  these  reactions  are  by  some  considered 
characteristic. 

Crystallized  morphine  contains  0,^1? ^NO,.  HjO. 

The  most  characteristic  and  best-detined  salt  of  this  ba.se   is  the  hjdro- 
ehloride      It  cry.xtallizes  in  slender,  colorless  needles,  arranged  in  luttb  or 
stellated  groups,  soluble  in  about  20  parts  of  cold  water,  and  in  its  own 
weight   at  the  boiling  heat.     The  crystals   contain  3   molecules  of  water.  ' 
''^hc  sulpAalet  nitrate.  And  phosphate  are  crystalUzable  suits:  the  acetate  crys- 
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UUizes  with  great  diffienlty,  and  is  usuallj  sold  in  the  state  of  a  dry  pow- 
der.    The  artificial  meeotiate  is  sometimes  prepared  for  medicinal  use. 

An  alcoholic  solution  of  morphine,  heated  in  sealed  tubes  with  methyl 
iodide,  forms  a  crystalline  compound,  CigH^NOgl  =  C|,(H,,CH,)NO,I;  this 
substance  yields,  with  silver  oxide,  a  very  alkaline  solution,  obviously  con- 
taining  an  ammonium  base.  Morphine  is  therefore  a  tertiary  amine,  the 
group  Oj^HjgO,  representing  one  or  several  radicals,  which  are  together 
capable  of  replacing  8  atoms  of  hydrogen. 

Vareotine.  —  The  marc,  or  insoluble  portion  of  opium,  contains  much 
narcotine,  which  may  be  extracted  by  boiling  with  dilute  acetic  acid.  From 
the  filtered  solution  the  narcotine  is  precipitated  by  ammonia,  and  after- 
wards purified  by  solution  in  boiling  alcohol,  and  filtration  through  animal 
charcoal.  Narcotine  crystallizes  in  small,  colorless,  brilliant  prisms,  which 
are  nearly  insoluble  in  water.  The  basic  powers  of  narcotine  are  very 
feeble:  it  is  destitute  of  alkaline  reaction,  and  although  freely  soluble  in 
acids,  refuses,  for  the  most  part,  to  form  with  them  crystallizable  com- 
pounds. 

According  to  Matthiessen  and  Foster,  narcotine  contains  Cg^HgNO^. 

Narcotine  yields  some  curious  products  by  the  action  of  oxidizing  agents, 
aa  a  mixture  of  dilute  sulphuric  acid  and  manganese  dioxide,  or  a  hot  solu- 
tion of  platinic  chloride.  They  have  been  chiefly  studied  by  Wohler,  Blyth, 
Anderson,  and  lately  also  by  Matthiessen  and  Foster.  The  most  important 
of  these  is  opianie  acid,  a  substance  forming  colorless,  prismatic,  reticulated 
crystals,  sparingly  soluble  in  cold,  easily  in  hot  water.  It  melts  when 
heated,  but  does  not  sublime.  After  fusion  it  becomes  quite  insoluble  in 
dilute  alkalies,  but  without  change  of  composition.  This  acid  forms  crys- 
tallizable salts  and  an  ether:  it  contains  C|oH,oO,.  The  ammonia-salt,  by 
evaporation  to  dryness,  yields  a  nearly  white  insoluble  powder,  called 
cpiammone,  containing  C^Hj^NO,,  convertible  by  strong  acids  into  opianio 
acid  and  ammonia.  Sulphurous  acid  yields  with  opianie  acid  two  products 
containing  sulphur.  A  basic  substance,  eotaminey  Cj^H^NOj.  is  contained 
in  the  mother-liquor  from  which  opianie  acid  has  crystallized :  it  forms  a 
yellow  crystalline  mass,  very  soluble,  of  bitter  taste,  and  feebly  alkaline 
reaction.  Its  hydrochloride  is  a  well-defined  salt.  The  transformation  (if 
narcotine  into  opiani<^acid  and  cotarnine  is  represented  by  the  equation: 

C„H„NO,        +        0        =        C„H„05        +        C„H„NO. 

Another  basic  substance,  fuireogemne^  was  accidentally  produced  in  an  nt- 
tempt  to  prepare  cotarnine  with  platinic  chloride.  It  formed  long  orange- 
colored  needles,  and  contained  C„H,,NO}. 

By  heating  opianie  acid  with  a  strong  solution  of  potash,  it  is  converted 
into  a  crystallizable  neutral  and  volatile  substance  called  mreonin,  Ci^HjoO^, 
and  a  bibasic  crystallizable  acid,  termed  htmipinic  acid,  ("x<^^\o%- 

Ilemipinic  acid,  treated  with  hydriodic  ocid.  splits  up  into  methyl  iodid'*, 
carbonic  acid,  and  hypogallic,  C^H^O^,  the  relation  of  which  to  p.illic  acid 
has  already  been  mentioned  (p.  667).  When  cotarnine  is  gently  heat»*d 
with  very  dilute  nitric  acid,  it  is  converted  into  metliylamine  nitrate  and  co- 
tanuc  acid,  a  bibasic  acid  containing  CuH^Oj: 

Ci,Hal!?0,  -h  2H,0  -i-  NO3H  =  Cn,N .  NO,  +  Ci,H„0,. 

Codaine,  CnH^NOi  —  Hydrochloride  of  morphine,  prepared  directly 
from  opium,  as  in  Gregory's  process,  contains  codeine-salt.  On  dissolving 
it  in  water,  and  adding  a  slight  excess  of  ammonia,  the  morphine  is  preci- 
pitated, and  the  codeine  left  in  solution.     Pure  codeine  crystallizes,  by 
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spontaneous  evaporation,  in  colorless  transparent  octohedrons:  it  is  solable 
in  80  parts  of  cold,  and  17  of  boiling  water,  has  a  strong  alkaline  reac- 
tion, and  forms  crystailisable  salts. 

With  ethyl  iodide  codeine  forms  a  crystalline  iodide,  C2qH^N0.I=  C,|H^ 
(CjHjlNU,!,  furnishing  with  silver  oxide  a  soluble  base.  Codeine  being 
considered  as  a  tertiary  monamine,  the  gproup  CigHj^Og  represents  3  atooia 
of  hydrogen. 

Codeine  is  homologous  with  morphine,  CigHnNO).  It  has  been  the  sub- 
ject of  a  careful  investigation  by  Dr.  Anderson,  who  has  prepared  a  great 
number  of  its  derivatives,  all  of  which  establish  the  formula  above  given. 

Thebaine  or  Paramorphine.  —  This  substance  is  contained  in  the  precipi- 
tate formed  by  calcium  hydrate  in  a  strong  infusion  of  opium,  in  Thibou- 
m cry's  process  for  preparing  morphine.  The  precipitate  is  well  washed, 
dissolved  in  dilute  acid,  and  mixed  with  ammonia  in  excess,  and  the  the- 
baine is  thrown  down  crystallized  from  alcohol.  When  pure,  it  forms 
colorless  needles  like  those  of  narcotine,  but  sparingly  soluble  in  water, 
readily  soluble  in  the  cold  in  alcohol  and  ether.  It  melts  when  heated,  and 
decomposes  at  a  high  temperature.  With  dilute  acids  it  forms  crystalliz- 
able  compounds,  and  when  isolated  and  in  solution  has  a  powerfuUy  alka- 
line reaction. 

A  series  of  other  bases,  papaverine,  Cj5H,,N04,  pseudo-morphine,  narceine^ 
Cg^UJfOp,  opianinef  and  porphi/roxine,  are  also  —  at  least  occasionally  — 
containea  in  opium:  they  are  of  small  importance,  and  comparatively  little 
is  known  respecting  them.  A  considerable  number  of  derivatives  of  papa- 
verine have  been  prepared,  which  confirm  the  formula  above  given  for  it. 

Cinohonine  and  (^ninine.  —  It  is  to  these  vegeto-alkalies  that  the  valuable 
medicinal  properties  of  the  Peruvian  barks  are  due.  Thej  are  associated 
in  the  barks  with  sulphuric  acid,  and  with  a  special  acid,  called  the  qmnic 
or  kinie.  Cinchonine  is  contained  in  largest  quantity  in  the  pale  bark,  or 
Cinchona  eondaminea;  quinine  in  the  yellow  bark,  or  Cinchona  eordifoita: 
the  Cinchona  oblonjifolia  contains  both. 

The  simplest,  but  not  the  most  economical,  method  of  preparing  the^ 
substances  is  to  add  a  slight  excess  of  calcium  hydrate  to  a  strong  decoc- 
tion of  the  ground  bark  in  acidulated  water,  wash  the  precipitate  which 
ensues,  and  boil  it  in  alcohol.  The  solution,  filtered  while  hot,  deposits 
the  vegeto-alkali  on  cooling.  When  both  bases  are  present,  they  may  be 
separated  by  converting  them  into  sulphates :  the  quinine-salt  is  the  less 
soluble  of  the  two,  and  crystallizes  first. 

Pure  cinchonine,  or  cinchonia,  crystallizes  in  small,  but  beautifully  bril- 
liant, transparent,  four-sided  prisms.  It  is  but  very  feebly  soluble  in 
water,  dissolves  readily  in  boiling  alcohol,  and  has  but  little  taste,  although 
its  salts  are  excessively  bitter.  It  is  a  powerful  base,  neutralizing  acids 
completely,  and  forming  a  series  of  crystallizable  salts.  Cinchonine  turns 
the  plane  of  polarization  to  the  right. 

Quinine  or  quina,  much  resembles  cinchonine:  it  does  not  crystallize  so 
well,  however,  and  is  much  more  soluble  in  water:  it«  taste  is  intensely 
bitter.     Quinine  turns  the  plane  of  polarization  toward  the  left. 

Cinchonine  is  composed  of     .        .        .        C^gH^^N^O,  and 
Quinine  of CjoHj^NjO^ 

Quinine  sulphate  is  manufactured  on  a  very  large  scale  for  medicinal  use: 
it  crystallizes  in  small  white  needles,  which  give  a  neutral  {solution.  This 
substance  contains  2C^}l^Nfi^  SO^H^.i  Aq.  Its  solubility  is  much  in- 
creased by  the  addition  of  a  little  sulphuric  aoid,  whereby  the  acid  salt, 
C^HjiNjO, .  SO^Hj .  7  Aq.,  is  formed.  A  very  interesting  compound  has 
been  produced  by  Dr.  Ilerapath,  by  the  action  of  iodine  upon  quinine  sul- 
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pliate.  It  is  a  crystalline  substance  of  a  brilliant  emerald  color,  which 
appears  to  consist  of  equal  equivalents  of  the  sulphate  of  quinine  and  of 
iodine.  This  remarkable  compound  possesses  the  optical  properties  of  the 
tourmaline  (p.  92). 

Cinchonine  and  quinine  yield  with  methyl  iodide,  compounds  represented 
respectively  by  the  formulee  C„ll2^(CHJ)^,01  and  C3oHj4(CH,)JJ,0,[,  which 
are  converted  by  silver  oxide  lutu  soluble  bases  analogous  to  tetrethyl- 
ammonium  hydrate. 

Quinidine. — In  manufacturing  quinine  sulphate,  a  new  base  has  been  ob- 
tained, which  differs  from  quinine  in  some  of  its  physical  properties,  but 
is  said  to  have  the  same  composition.  It  has  been  described  uuder  the 
name  of  quinidine^  and  appears  to  have  the  same  medicinal  properties  as 
quinine.  The  substance  has  been  carefully  examined  by  Pasteur,  whose 
researches  have  led  to  the  following  interesting  results: 

The  substance  which  is  found  in  commerce  under  the  name  of  quinidine 
\b  generally  a  mixture  of  two  alkaloids,  of  which  the  one  is  isomeric  with 
quinine,  and  the  other  with  cinchonine.  Pasteur  designates  these  two  sub- 
stances respectively  as  quinidine  and  ctnchonicHne.  They  differ  from  quinine 
and  cinchonine  in  several  properties,  but  particularly  in  their  deportment 
with  polarized  light:  for  while  quinine  turns  the  plane  of  polarization  con- 
siderably towards  the  Ufl,  quinidine  exerts  a  powerful  action  towards  the 
right.  Again,  while  cinchonine  deflects  considerably  towards  the  ri</ht,  the 
action  of  the  isomeric  cinchonidine  is  in  the  opposite  direction  —  namely, 
towards  the  left.  It  is  evident  that  quinine  and  quinidine  on  the  one  hand, 
and  cinchonidine  and  cinchonine  on  the  other,  stand  to  each  other  in  about 
the  same  relation  as  levo-  and  dextro -tartaric  acids  (p.  677).  Nor  arc  the 
terms  wanting  which  correspond  to  racemio  acid.  Pasteur  has,  in  fact, 
proved  that  both  quinine  and  quinidine,  and  likewise  cinchonine  and  cin- 
chonidine, are  peculiarly  modified  by  the  actiou  of  heat:  exposed  for  sev- 
eral hours  to  a  temperature  varying  between  120®  and  130°  C.  (248°-266®F  ). 
quinine  and  quinidine  are  converted  into  a  third  isomeric  alkaloid,  which 
Pasteur  terms  quiaieine^  while  cinchonine  and  cinchonidine  furnish  an  iso- 
meric cinckonieine  under  the  same  circumstances.  In  racemic  acid  the  right- 
handed  action  of  dextro-tartaric,  and  the  left-banded  action  of  levo-tar- 
taric  acid,  are  exactly  balanced,  racemic  acid  possessing  no  longer  any  ac- 
tion upon  polarized  light :  in  quinicine  and  cinohonicine,  such  a  perfect 
balance  is  not  observed;  both  still  exert  a  feeble  right-handed  action, 
which  is,  however,  very  slight  when  compared  with  the  rotatory  powers  of 
the  alkaloids  which  give  rise  to  them.  The  following  table  exhibits  the 
relations  of  the  six  alkaloids,  and  their  analogy  with  the  racemic  group,  in 
a  more  conspicuous  manner: 

Quinine  Quinicine  Quinidine 

Left-handedy  Right-handed^  Right-handed^ 

powerfully.  feebly,  very  powerfully, 

Cinchonine  Cinchonicine  Cinchonidine 

Right-handed,  Right-handed,  Left-handed, 

very  powerfully.  feebly.  powerfully. 

Dextro-tartaric  acid    Racemic  acid  Levo-tartaric  acid. 

Right-handed.  neutral.  Left-handed. 

ChinoHdine,  Quinoidine,  or  Amorphous  quinine,  is  contained  in  the  refuse,  or 
mot  her- liquors,  of  the  quinine  manufacture.  In  its  purest  state  it  forms  a 
yellow  or  brown  resin  like  mass,  insoluble  in  water,  freely  soluble  in  alco- 
hol and  ether.  It  is  easily  soluble  also  in  dilute  acids,  and  is  thence  pre- 
cipitated by  ammonia.  Quinoidine  possesses  powerful  febrifuge  properties, 
and  is  identical  in  composition  with  quinine.     It  evidently  bears  to  quinine 
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Uie  same  relation  that  uncrystalliiable  syrup  bears  to  ordinary  mgar^ being 
produced  from  quinine  by  the  beat  employed  in  the  prepuration. 

From  CutcO'  or  Arica-barkf  and  likewise  from  the  Cinchona  ovata^  or  vkite 
quinquina  of  Condamine,  a  substance  denominated  Aridne  or  C.nekmoUnf 
has  bfcn  extracted :  it  closely  resembles  cincbouine,  and  is  said  to  contain 
Cj^H^gNjOi.  This  formula  exhibits  a  close  analogy  with  the  formultt  of 
ciuchomne  and  quinine.    Aricine  is  useless  in  medicine. 

Strychnine  and  Bmeine,  also  called  Strychnia  and  Brucia,  are  eontainrd, 
together  with  several  still  imperfectly  known  bases,  in  A'ux  vomica,  in  S(. 
Jgnatiwi'  bean^  and  in  false  Angutiura  bark.  Strychnine  and  brucine  are 
generally  associated  with  a  peculiar  acid,  called  igasurie  acid.  Kux  vomica 
seeds  are  boiled  in  dilute  sulphuric  acid  until  they  become  boH:  thej  are 
then  crushed,  and  the  expressed  liquid  is  mixed  with  excess  of  calcium 
hydrate,  which  throws  down  the  alkaloids.  The  precipitate  is  boiled  in 
spirits  of  wine  of  sp.  gr.  0-850,  and  filtered  hot.  Strychnine  and  brucine 
are  then  deposited  together  in  a  colored  and  impure  state,  and  may  be  sep- 
arated by  cold  alcohol,  in  which  the  latter  dissolves  readily. 

Pure  strycbnine  crystallizes  under  favorable  circumstances  in  email  but 
exceedingly  brilliant  octohedral  crystals,  which  are  transparent  and  color- 
less. It  has  a  very  bitter,  somewhat  metallic  taste  (1  part  in  l,O00,0(!O 
parts  of  water  is  still  perceptible),  is  slightly  soluble  in  water,  and  fear- 
fully poisonous.  It  dissolves  in  hot,  and  somewhat  dilute  spirit,  but  not  in 
absolute  alcohol,  ether,  or  solution  of  caustic  alkali.  This  alkaloid  may  be 
readily  identified  by  moistening  a  crystal  with  concentrated  sulphuric  acid, 
and  adding  to  the  liquid  a  crystal  of  potassium  bichromate,  when  a  deep 
violet  tint  is  produced,  which  disappears  after  some  time.  Strychnine 
forms  with  acids  a  scries  of  well-defined  salts,  which  were  examined  by 
Messrs.  Nicholson  and  Abel,  who  established  for  strychnine  the  formub 
C«H„N,0,. 

Strychnine  forms  with  ethyl  iodide  a  crystalline  compound,  C2|H22(C2H^) 
N2O4I,  converted  by  silver  oxide  into  a  soluble  base. 

Brucine,  C^H^gN,^.,  is  easily  distinguished  from  the  preceding  substance*, 
which  it  much  resembles  in  many  respects,  by  lis  ready  solubility  in  alco- 
hol, both  hydrated  and  absolute.  It  dissolves  also  in  about  5(<0  parts  of 
hot  water.     The  salts  of  brucine  are,  for  the  most  part.,  crystallizable. 

Yeratrine,  or  Yeratria,  C^gHg^N^Og,  is  obtained  from  the  seeds  of  Veratnm 
tabadilla.  In  the  pure  state  it  is  a  white  or  yellowish-white  powder,  which 
has  a  sharp  burning  taste,  and  is  very  poisonous.  It  is  remarkable  for 
occasioning  violent  sneezing.  It  is  insoluble  in  water,  but  dissolves  in  bot 
alcohol,  in  ether,  and  in  acids :  the  solution  has  an  alkaline  reaction. 

A  substance  called  colchicine,  extracted  from  the  Colchicum  autvmnale^  anti 
formerly  confounded  with  veratrine,  is  now  considered  distinct:  its  hisiorj 
is  still  imperfect. 

Harmaline,  C,3H,4N30.  —  This  compound  is  extracted  by  dilute  acetic 
acid  from  the  seeds  of  the  Peganum  harmala,  a  plant  which  grows  abun- 
dantly on  the  Steppes  of  Southern  Russia,  and  the  seeds  of  which  are  ui^t^ 
in  dyeing.  When  pure,  it  forms  yellowish  prismatic  crystals,  soluble  m 
alcohol  and  dilute  acids,  but  scarcely  forming  crystallizable  salts.  By  oii- 
dution  it  gives  rise  to  another  compound,  harmine,  C|,H,^N,0,  which  aU 
possesses  basic  properties. 

Caffeine,  or  Theine,  CgFI,^N^O,.  —  This  remarkable  substance  occnrQ  in  four 
articles  of  domestic  lile,  infusions  of  which  are  used  as  beverages  over  tie 
greater  part  of  the  known  world — namely,  in  tea  and  coflfee,  in  the  leave? 
of  Ouarana  officinalis,  or  PauUinia  ttorbilis,  and  in  those  of  lUz  Paraguay ensm 
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it  will  probably  be  found  in  other  plants.  A  decoction  of  common  tea,  or 
of  raw  coffee-berries,  previously  crushed,  is  mixed  with  excess  of  solution 
of  basic  lead  acetate.  The  solution,  filtered  from  the  copious  yellow  or 
greenish  precipitate,  is  treated  with  sulphuretted  hydrogen  to  remove  the 
lead,  then  filtered,  evaporated  to  a  small  buUc,  and  neut rallied  by  ammo- 
nia. The  caffeine  crystallizes  out  on  cooling,  and  is  easily  purified  by 
animal  charcoal.  It  forms  tufts  of  delicate,  white,  silky  needles,  which 
have  a  bitter  taste,  melt  when  heated  with  loss  of  water,  and  sublime  with- 
out decomposition.  It  is  soluble  in  about  100  parts  of  cold  water,  and 
much  more  easily  at  the  boiling  heat,  or  if  an  acid  be  present.  Alcohol 
also  dissolves  it,  but  not  easily.  The  basic  properties  of  caffeine  are  fee- 
ble. The  salts  which  it  forms  with  hydrochloric  and  sulphuric  acids  are 
obtained  only  with  difficulty.  It  forms,  however,  splendid  double  salts 
with  platinum  tetrachloride  and  gold  trichloride.  The  products  of  oxida- 
tion of  caffeine,  which  have  been  studied  by  Rochleder,  are  of  considerable 
interest,  inasmuch  as  both  their  composition  and  their  properties  establish 
a  close  connection  between  these  products  and  the  derivatives  of  uric  acid. 
Under  the  influence  of  chlorine,  caffeine  yields  amalie  acid^  a  substance  of 
feebly  acid  properties,  having  the  composition  of  hydrated  tetramethyl- 
allozantin,  Cg(CH,)4N402 .  Aq.  When  treated  with  oxidizing  agents,  it 
yields  eAolettropkane,  CgH^N^O^,  corresponding  to  parabanic  acid  of  the  uric 
acid  series.  Cholestropliane  may  be  viewed  as  dimethyl-parabanic  acid; 
it  has,  in  fact,  been  obtained  by  digesting  silver  parabanate  with  methyl 
iodide : 

CaAg,N,0,  +   2CH5I  =  2AgI   +   C^H^NjO,. 

Lastly,  the  murexide  of  the  caffeine  series  is  formed  by  the  treatment  of 
amalio  add  with  ammonia,  exactly  as  the  true  murexide  from  uric  acid  is 
formed  by  the  action  of  ammonia  upon  alloxantin.  The  new  murexide 
imitates  its  prototype,  not  only  in  composition,  but  likewise  in  the  green 
metallic  lustre  of  its  crystals,  and  the  deep  crimson  color  of  its  solutions. 

Theobromine.  — The  seeds  of  the  Theobroma  Cacao^  or  cacao-nuts,  from 
which  chocolate  is  prepared,  contain  a  crystallizable  principle,  to  which 
this  name  is  given.  It  is  extracted  in  the  same  manner  as  caffeine,  and 
forms  a  white,  crystalline  powder,  which  is  much  less  soluble  than  the  last- 
named  substance.  It  contains,  according  to  Glas^on,  CfllgN^O,.  Theobro- 
mine is  easily  soluble  in  aqueous  ammonia;  by  adding  silver  nitrate  to  this 
solution,  and  boiling,  a  crystalline  precipitate  of  silver-theobromine,  C^Hf 
K%^fi^  is  obtained.  By  treating  this  silver  compound  with  methyl  iodide, 
Strecker  obtained  silver  iodide  and  caffeine:  C^H^AgN^O,  -{-  ^^^^  =  Agl 
4-  CgHjoN^O,,  which  may  be  extracted  with  alcohol.  Caffeine  must  there- 
fore be  regarded  as  methyl-theobromine.  The  products  obtHined  from 
theobromine  by  oxidation  appear  to  be  homologous  with  several  terms  of 
the  uric  acid  series. 

Xanthine,  C^^fi^.  — Xanthine  was  first  described  by  Dr.  Marcet  under 
the  name  of  xanthic  oxide,  which  he  discovered  as  a  constituent  of  urinary 
calculi;  recently  it  has  been  found  among  the  products  of  the  decomposi- 
tion of  guanine.  It  is  present  in  nearly  every  part  of  the  animal  organism, 
and,  although  in  very  minute  quantities,  in  urine. 

Xanthine,  according  to  Strecker,  may  be  prepared  with  the  greatest 
facility  from  guanine  (p.  758).  Potassium  nitrite  is  added  to  a  solution  of 
guanine  in  concentrated  nitric  acid  until  a  powerful  evolution  of  rod  fumes 
takes  place:  the  solution  is  then  mixed  with  a  larpe  quantity  of  water, 
whereby  a  yellow  substance  is  precipitated,  which,  after  washing  with  wa- 
ter, IS  dissolved  in  ammonia.  A  solution  of  ferrous  sulphate  is  now  added 
64 
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antil  a  black  precipitate  of  iron  oxide  begins  to  appear.*  The  still  power^ 
fully  amiiioniacal  Bolution  is  filtered  and  evaporated  to  dryness;  and  the 
residue  is  extracted  with  water  in  order  to  separate  the  ammonium  sulphate; 
then  dissolved  in  ammonia,  and  evaporated.  Xanthine  is  a  white,  amor- 
phous powder,  difficultly  soluble  in  water,  soluble  in  acids,  with  which  it 
forms  crystalline  compounds.  The  sulphate  has  the  composition  'JC^H^N^ 
0,  .  SO4H,.  Xanthine  dissolves  with  facility  in  ammonia  and  potash.  Its 
characteristic  property  is  to  dissolve  without  evolution  of  gas  in  nit rie  acid, 
and  to  give  on  evaporation  a  deep-yellow  residue,  which,  on  addition  of 
ammonia  or  solution  of  potash,  assumes  a  yellow-red  color.  By  treatment 
of  silver-xauthine,  C.H,Ag,N^H,,  with  methyl  iodide,  Strecker  obtained  a 
body  isomeric  with  theobromine,  diflfering,  however,  in  its  properties  from 
that  substance : 

CjHjAg^N.O,    +     2Cn,I    =    2AgI     +     C,H,N\0^ 

Bareiae  (Ilypoxanthine),  CgH^N^O.  —  This  base  is  a  constituent  of  the 
flesh  of  vertcbrata.  It  is  best  prepnred  from  the  motner-liquor  of  creatia 
(p.  902),  by  diluting  with  water  and  boiling  with  cupric  acetate,  whereby 
the  sarcine  is  precipitated  in  combination  with  cupric  oxide.  This  preci- 
pitate is  dissolved  in  nitric  acid  and  mixed  with  silver  nitrate:  the  crys- 
tals, a  compound  of  sarcine  nitrate  with  silver  nitrate,  are  purified  hj 
re-crystallization  from  nitric  acid,  and  are  then,  by  ebullition  with  an  sm- 
moniacal  solution  of  silver  nitrate,  converted  into  the  compound  of  sarcine 
with  silver  oxide,  CjII^X^O .  Ag^O,  which  is  decomposed  by  sulphnretied 
hydrogen. 

Sarcine  forms  delicate  white  microscopic  needles,  difficultly  soluble  hi 
cold  water,  easily  soluble  in  boiling  water,  in  dilute  acids,  ammonia,  pot- 
ash, and  baryta-water.  Sarcine  forms  crystallizable  salts,  containing  I 
equivalent  of  acid.  It  unites  with  bases,  like  guanine,  forming  crystalline 
compounds  containing  2  equivalents  of  metallic  oxide. 

Onanine,  CJI^N^O.  —  This  base  was  first  obtained  from  guano:  it  has 
also  been  proved  to  exist  in  the  pancreatic  juice  of  mammalia,  and  in  the 
excrement  of  the  spider.  To  prepare  it,  guano  is  boiled  with  water  and 
calcium  hydrate  until  a  portion  of  the  liquid,  when  filtered,  appears  but 
slightly  colored:  the  whole  is  then  filtered,  and  the  filtrate  saturated  with 
acetic  acid,  whereby  the  guanine  is  precipitated,  mixed  with  uric  acid,  it 
is  purified  by  solution  in  hydrochloric  acid  and  precipitation  by  ammonia. 

Guanine  is  a  colorless,  crystalline  powder,  insoluble  in  water,  alcohol, 
ether,  and  ammonia,  soluble  in  acids  and  solution  of  potash.  With  aciJ« 
it  forms  crystallizable  salts  containing  I  and  2  equivalents  of  acid:  it  com- 
bines with  bases  to  crystalline  compounds  containing  2  equivalents  of  metal- 
lic oxide. 

Guanine,  sarcine,  and  xanthine  bear  a  great  resemblance  to  each  other, 
and  are  all  found  in  the  animal  organism.  Guanine,  on  account  of  its  in- 
solubility in  water  and  ammonia,  may  easily  be  separated  from  the  two 
other  substances  To  separnte  xanthine  and  sarcine,  they  are  converted 
into  the  hydrochlorides,  which  are  treated  with  warm  water:  xanthine  hy- 
drochloride is  so  little  soluble  in  that  liquid,  that  it  may  easily  be  separaivd 
from  the  admixed  sarcine  hydrochloride. 

Onanidina,  CITi^N,  — This  substance  is  prepared  from  guanine.  Guanine 
IS  treated  with  hydrochloric  acid  and  potassium  chlorate,  whereby  it  is  con- 
verted into  a  mixture  of  guanidine  and  parabanic  acid  As  soon  as  the 
guanine  is  completely  dissolved,  the  liquid  is  evaporated  till  the  parabanic 

•  The  trentmont  of  inianinf*  with  nitric  ncM  pirei  riw»  to  xanthine  wild  nitrozHnthine,  which 
by  the  nrtion  of  reducing  agents  ii  ponverted  ipto  xanthine.  Strecker  recommenda  a  ferrotti 
salt  fbr  this  purpoae. 
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acid  has  crystallized  out.  The  mother-liquor  is  treated  with  a  mixture  of 
alcohol  and  ether,  which,  separated  from  the  residue  and  evaporated, 
yields  on  evaporation  the  crude  guanidine  hydrochloride.  The  hydro- 
chloride may,  by  digestion  with  silver  sulphate,  be  converted  into  the 
sulphate,  and  the  latter  finally  into  the  free  base  by  addition  of  baryta- 
water. 

Guanidine  thus  prepared  forms  colorless  crystals,  readily  soluble  in  water 
and  alcohol;  the  solution  has  a  powerfully  alkaline  reaction.  It  absorbs 
carbonic  acid  from  the  air,  forming  a  carbonate  2CH5NJ  .  HjCOg,  which  has 
an  alkaline  reaction,  and  crystallizes  m  square  prisms.  The  transforma- 
tion of  guanine  into  parabauic  acid  and  guanidine  is  represented  by  the 
following  equation: 

C5H5N5O     +     03    +     H,0     =     C,H,N,Os    -h     CH5N,    -f     CO,. 

Triftkylguamdine  — The  action  of  sodium  alcohol  upon  ethyl  cyanatc  or 
cyanurate  gives  rise  to  a  base  having  the  composition  C^HpNg,  which  is 
that  of  triethylguanidine  (carbotriethyltriamine).  It  is  formed  according 
to  the  following  equation : 

3CN(CjHg)0  -f  2C,ir5NaO  =  C^nj^N,  -f  20,11^  +  CO,  +  Na^COj. 

Creatin,  C^H^NjO, .  2  Aq. —  Creatin  was  first  observed  by  Chevreul,  and 
has  been  studied  very  carefully  by  Liebig,  who  obtained  it  from  the  soup 
of  boiled  meat.  It  is  prepared  from  the  juice  of  raw  flesh  by  the  follow- 
ing process:  A  large  quantity  of  lean  flesh  is  cut  up  into  shreds,  exhausted 
by  (successive  portions  of  cold  water,  strained  and  pressed.  The  liquid, 
which  has  an  acid  reaction,  is  heated  to  coagulate  albumin  and  coloring 
matter  of  blood,  and  passed  through  a  cloth.  It  is  then  mixed  with  pure 
baryta- water  as  long  as  a  precipitate  appears,  filtered  from  the  deposit  of 
phosphates,  and  evaporated  in  a  water-bath  to  a  syrupy  state.  After 
standing  some  days  in  a  warm  situation,  the  creatin  is  gradually  deposite<l 
in  crystals,  which  are  easily  purified  by  re-solution  in  water  and  digestion 
with  a  little  animal  charcoal.  * 

When  pure,  creatin  forms  colorless,  brilliant,  prismatic  crystals,  which 
become  dull  by  loss  of  water  at  100°.  They  dijusolve  readily  in  boiling 
water,  sparingly  in  cold  water,  and  are  but  little  soluble  in  alcohol.  The 
aqueous  solution  has  a  weak  bitter  taste,  followed  by  a  somewhat  acrid 
sensation.  In  an  impure  state  the  solution  rendily  putrefies.  Creatin  is  a 
neutral  body,  not  combining  either  with  acids  or  with  alkalies.  In  the 
crystallized  state  it  contains  C^H^NjO, .  211,0. 

Creatinine,  C^H^NjO.  —  By  the  action  of  strong  acids,  creatin  is  converted 
into  creatinine,  a  powerful  organic  base,  with  separation  of  the  elements  of 
water.  The  new  substance  forms  colorless  prismatic  crystals,  and  is  mucli 
more  soluble  in  water  than  creatin:  it  has  a  strong  alkaline  reaction,  and 
forms  crystallizable  salts  with  acids 

Creatinine  pre-exists  to  a  small  extent  in  the  juice  of  flesh,  together 
with  lactic  acid  and  other  bodies  not  yet  perfectly  examined.  It  is  also 
found  in  conjunction  with  creatin  in  urine. 

Sarcosine,  CjH^NO^,  formed  by  boiling  crcatlti  with  baryta-water,  has 
the  composition  of  methyl-glycocine  or  mcthyl-amidacetic  acid,  CjIl4(CIl3) 
NO,,  and  has  been  alread5r  described  among  the  derivatives  of  acetic  acid 
(p.  614). 

•  T!»i»  mothpf-liquid  from  fl<»i>h  from  which  the  rrpnfln  hns  ttoen  depoeitcd  cont.iln".  nmonf; 
other  th'tii^,  a  new  ncid,  the  inoxinir.  the  iiqii«H)ii8  wdnti'ii  of  whfch  refiisea  to  crystallize.  It 
b«A  a  AtriinK  ncid  rfHctiuii.  and  is  precipitated  in  h  white  iimorphouii  condition  by  ulcohol.  It 
prolmbly  cootHins  CioHi4N,Oi]. 
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Bmbaiiaa,  C„K„NO^  is  ■  eubslnnce  crjBl«Miiin(5  id  fine  yellow  leedles, 
Bliglidy  soluble  in  waler,  eilrucled  from  ihe  root  of  the  Btrbtrii  nlgtrii, 
ll  line  feehle  basic  properties.  This  must,  not  be  confounded  with  brbrem', 
an  uncrystatliinble  baaic  subslknce.  from  tlie  bark  of  the  frren-ht37l  Im  of 
Quiai]&,  which  has  Ibe  composiiioa  C,,H„NO,. 

Piparinft.  CyH„N,0,.  —  A  colorleu,  or  slightly  yellow  cry stalliiablt  prin- 
ciple, eilrBcteil  from  pepper  by  Ihe  aid  of  alcohol.  It  ia  inaoluble  in  water. 
rigierine  readily  diBsolres  in  acids;  defiuite  compounds  are.  howerer,  dif- 
ficult 10  oblain. 

Conln*  ( Comeinr,  or  Coma).  Rlsatlne,  and  Spartttin*  differ  from  Ihe  otber 
leiielnble  buses  in  physical  characiera:  ihey  are  Tutafite  oily  liqaiila.  The 
first  is  cxtrncted  from  hemlock,  the  second  from  lobacco.  and  the  third 
from  broom  (>'jH(r/j««  Scopariani).  They  agree  in  most  of  their  characters, 
having  higli  boiling  points,  *ery  poisonous  properliea,  slroog  alkaline  reje- 
tiou,  and  the  power  of  forming  cry atalUtable  aalts  with  acids.  The  for- 
muUofDiaotiaeiBCMH,.N,;  that  of  canine,  C.HuN;  apd  tbat  of  sparteine, 

Closely  allied  to  Conine  is  conhgdrmr.  C,H,,SO,  a  cryalalline  base,  ei- 
Iracled  by  Werthcim  from  hemlock.  When  distilled  wilh  anhydrous  phos- 
phoric acid,  it  splits  into  coniue  and  one  molecule  of  water. 

A  mixture  of  nicotine  with  methyl  or  ethyl  iodide  Bolidifiea  after  a  short 
timelo  crystalline  masBe9.conlainingC„H„[CH,),N,IpandC„H„(C,Hjy.'^ 
convertible  by  silver  oiido  into  soluble  bases. 

Conine  is  a  secondary  monnniine.  Treated  with  ethyl  iodide,  it  yields 
auceessirely  two  iodine-compounds —  namely,  C,H„fC,Hil\I  and  C,H„(C, 
H,),M.     The  latter  is  convened  by  silver  oiidc  into'a  soluble  base. 

There  are  very  many  other  bodies,  more  or  less  perfectly  known,  having 
(0  a  ccrlaiD  extent  ihe  properties  of  alknlciids:  Ihe  fallowing  statement  of 
liie  names  and  mode  of  occurrence  of  a  few  of  them  must  suffice. 

ligoicnamint  (nalaTinc).  —  A  while,  cryslalliiable  substance,  from  Hyti- 
cgamut  niger ;  it  occurs  likewiae  in  Datura  Stramonium. 

Alropinr.  —  Colorless  needles,  from  Atropa  Belladonna  ;  formula  C,-H,SCV 

Salanint.  —  A  pearly,  cryalalline  subatance,  from  various  solanaceoui 
plants:  formula  C„H„NO„  (f)  (p.  582). 

Acnniline,  —  A  glaaay,  transparent  muas.  from  Acortilani  A'aptlliu;  fomuli 
C»,ll,,NO,. 

O'Iphinini.  — A  yellowish,  fusible  substance,  from  theaeedsof  i>f/pAMiiiia 
Stopkiiaffria. 

"-   ■  --   _A  while  and  nearly  tasteless  powder  from  ipecacuanha  rt 
—  The  arrow-poiaon  of  Central  A 


III.  —  ?hoip1ianK,  Aatimony.  and  Araanie  Baaaa. 
-us,  antimony,  and  arsenic  being,  like  nitrofcen,  either  triialeiit 
alenl,  are  capable  of  forming  compounds  analogous  to  the  smio" 
npound  ammonium  salts.     A  few  of  these  remarkable  compoumi) 
ifly  described  in  the  following  paragra|ihs. 


FiioSFiuNBa. 
Snsrd,  by  passing  Ihe  vapor  or  methyl  chloride  o*er  catcinm 
heated  to  about  180°  C.  (356"  F),  obtained  a  niiitare  of  phos- 
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phoretted  bodies,  from  which  he  separated  three  compounds  believed  to 
correspond  in  coinpoisition  with  the  three  hydrides  of  phosphorus  (p.  215), 
viz.,  Pj^CHj),  P{CH,)j,  and  P(CH,)3;  these  bodies  were,  however,  but  very 
impert'eotly  investigated.  More  recently  Cahours  and  Hofmanu,  by  sub- 
jecting zinc-methyl  and  zinc-ethyl  to  the  action  of  phosphorus  trichloride, 
have  obtained  saline  compounds,  from  which,  by  distillation  with  potash,* 
the  bases  P(CH,),  and  P(0^il^)y  analogous  to  the  tertiary  monamines,  may 
be  liberated ;  thus : 

3Zn(CjH5),       +       2PC1,      =       SZnCl,      -f       2P(C,Hb),. 
Zinc-ethyl.  Triethyl-phosphine. 

Thriethylphotphine,  C^H^P  =  PCCgH^),.  —  This  substance  is  a  colorless 
oil  having  a  very  penetrating  phosphorus  odor,  and  boiling  at  133^.  It  is 
slowly  oxidized  in  atmospheric  air.  The  vapor,  heated  with  air  or  oxygen, 
explodes.  In  chlorine  gas  it  burns  with  separation  of  carbon,  hydro- 
chloric acid  and  phosphorus  pentachloride  being  produced.  With  acids 
it  forms  crystalline  compounds,  which  are  very  deliquescent.  With  iodide 
of  methyl,  ethyl,  and  arayl,  it  solidifies  after  a  few  moments  to  crys- 
talline compounds,  containing  respectively  P(CjHj)g(CHj)I,  P(CjH5)J,  and 
^(^j^sV^s^ii)^'  which  are  decomposed  by  silver  oxide,  yielding  power- 
fully alkaline  liquids,  containing  the  hydrates  P(C,Hg)j(CH5)(0H),  P(C,Hj)^ 
(OH),  and  P(CjHj)j(C5lI,|)0H,  which  in  every  respect  resemble  hydrate  of 
tetrethyl  ammonium  and  its  homologues. 

Trimethylphosphine,  C,HjP  =  P(CH3)j.  —  This  substance  is  very  similar 
to  the  corresponding  ethyl-base,  but  more  volatile.  When  left  in  contnct 
with  atmospheric  air,  it  forms  an  oxide  which  crystallizes  in  beautiful  white 
needles.  With  iodide  of  methyl,  ethyl,  and  amyl,  it  yields  the  iodides 
P(CH3)J,  P(CHj),{CjHj)I,  and  P(CH8),(C5H„)I,  from  which  three  analogous 
hydrates  may  be  produced  by  means  of  silver  oxide. 
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Triethylstibine,  or  Btibethyl,  Sb(C,Hj)3,  is  obtained  by  distilling  ethyl 
iodide  with  an  alloy  of  antimony  and  potassium.  It  is  a  transparent,  very 
mobile  liquid,  having  a  penetrating  odor  of  onions.  It  boils  at  158°  C. 
(316^  F. ).  In  contact  with  atmospheric  air,  it  emits  a  dense  white  fume, 
and  frequently  even  takes  fire,  burning  with  a  white  brilliant  flame.  It  is 
analogous  in  many  of  its  reactions  to  triethylamine,  but  has  much  more 
powerful  combining  tendencies,  uniting  readily  with  two  atoms  of  chlorine, 
bromine,  or  iodine,  and  1  atom  of  oxygen  or  sulphur,  thereby  forming 
compounds  in  which  the  antimony  is  quinquivalent,  such  as  Sbv(C2H5)gCl2, 
8b*(C2Hg),0^^  &c.  The  same  tendency  to  act  as  a  bivalent-radical  is,  how- 
ever, exhibited  by  triethylamine,  which,  though  it  does  not  unite  directly 
with  elementary  bodies,  can  nevertheless  take  up  a  molecule  of  hydrogen 
chloride,  ethyl  iodide,  &c.,  likewise  producing  compounds  in  which  the 
nitrogen  is  quinquivalent,  e.  ff.,  N'(CjH5)3HCl,  N^(CjH5)j(Cj,H5)I,  &c. 

Stibethyl  oxide,  ^^{Qfi^Jd.  forms  a  viscid  transparent  mass,  soluble  in 
water  and  alcohol.  It  is  extremely  bitter  and  not  poisonous.  It  cannot  be 
volatilized  without  decomposition.  It  combines  with  acids,  giving  rise  to 
crystallizable  salts  containing  two  equivalents  of  acid. 

Stibethi/l  sulphide,  Sb(CjH5)jS.  —  Beautiful  crystals  of  silvery  lustre,  solu- 
ble in  water  and  alcohol.  Their  taste  is  bitter,  and  their  odor  similar  to 
that  of  mercaptan.  The  solution  of  this  compound  exhibits  the  deport- 
ment of  an  alkaline  sulphide:  it  precipitates  metals  from  their  solutions 
64* 
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as  sulphides,  a  soluble  salt  of  stibetbjl  being  formed  at  the  same  time. 
This  deportment,  indeed,  affords  the  simplest  means  of  preparing  the  salts 
of  stibethyl. 

Stibethyl  chloride^  Sb(CjHg),Cl,.  — Colorless  liquid  haying  the  odor  of  tur- 
pentine oil. 

Stibeikyl  iodide,  ^h{V^\^^Y — Colorless  needles  of  intensely  bitter  taste. 

The  analogy  of  trieittylstibine  wiih  triethylamine  is  best  exhibited  in  its( 
deportment  with  ethyl  iodide.  The  two  substances  combine,  formiog  a  new 
iodide,  containing  Sb(C2Hg)^I,  from  which  silver  oxide  separates  a  powerful 
alkaline  base  analogous  to  tetrethyl-ammonium  hydrate : 

N(C,H,)^(OH)  Sb(C,H5)^0H. 

A  series  of  analogous  substances  exist  in  the  methyl  series.  They  have 
been  examined  by  Landolt,  who  has  described  several  of  their  compounds, 
and  separated  the  methyl-antimony-base  corresponding  to  tetramethjl- 
ammonium  hydrate. 

The  iodide^  Sb(CH,]^I,  produced  by  the  action  of  methyl  iodide  upon  tri- 
methylstibine,  Sb(CH3),,  crystallizes  in  white  six-sided  tables,  which  are 
easily  soluble  in  water  and  alcohol,  and  slightly  soluble  in  ether.  It  ha.s 
a  very  bitter  taste,  and  is  decomposed  by  the  action  of  heat.  liVhen  treated 
with  silver  oxide,  it  yields  a  powerfully  alkaline  solution,  exhibiting  all  the 
properties  of  potash,  from  which,  on  evaporation,  a  white  crystalline  mass, 
the  hydrate  of  tetramethyhtibonium,  Sb(CH,)^(OH),  crystallizes.  This  com- 
pound forms  an  acid  salt  with  sulphuric  acid,  which  crystallizes  in  tables. 
It  contains  Sb(CH,)^HSO^. 
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Triethylarfinei  As(C,H5),,  is  produced  by  distilling  an  alloy  of  arsenic 
and  sodium  with  ethyl  iodide.  At  the  same  time,  also,  there  is  formed  an- 
other body,  containing  As2(C2Hj)^,  analogous  toarsendimetbyl  or  cacodyL 
Both  compounds  are  liquids  of  powerful  odor ;  they  may  be  separated  by 
distillation  in  an  atmosphere  of  carbon-dioxide,  the  triethylarsine  passing 
over  last. 

Triethylarsine  may  be  obtained  pure  by  a  process  analogous  to  that  em- 
ployed for  the  preparation  of  triethylphosphine,  namely,  by  distilling  arse- 
nious  chloride,  AsCl,,  with  zinc-ethyl.  It  is  a  colorless  liquid  of  most  dis- 
agreeable odor,  similar  to  that- of  arsenetted  hydrogen,  soluble  in  «ater, 
nlcohol,  and  ether,  and  boiling  at  140**.  Triethylarsine  combines  directly 
with  oxygen,  sulphur,  bromine,  and  iodine,  giving  rise  to  a  series  of  com- 
pounds containing  2  atoms  of  bromine  or  iodine,  1  atom  of  sulphur  or  oxy- 
gen, and  analogous  to  the  corresponding  compounds  of  triethylstibine. 

Triethylarsine  submitted  to  the  action  of  ethyl  iodide  yields  a  crystalline 
compound,  AslCjHj)^!,  from  which  freshly  precipitated  silver  oxide  sepa- 
rates the  corresponding  hydrate,  AsfCjHg)^^!!,  a  powerfully  alkaline  sub- 
stance, similar  to  the  corresponding  nitrogen-,  phosphorus-,  and  antimony- 
compounds. 

Analogous  substances  exist  in  the  methyl  series.  Trimethylarsine. 
As(CIIj),,  is  formed,  together  with  arsendimethyl  or  cacodyl,  As,(CHjl|, 
when  an  alloy  of  arsenic  and  sodium  is  submitted  to  the  action  of  mrth^l 
iodide.  It  unites  with  methyl  iodide,  producing  tetramethylarsonium 
iodide,  As(CH5)4l,  from  which  silver  oxide  separates  the  hydrate.  As{CH3)4 
OH.  The  iodide  ju«t  mentioned  is  formed,  together  with  iodide  of  cacodyl, 
when  cacodyl  is  acted  upon  by  methyl  iodide: 

A«i(CH.)4     -f     2Cn,l     =     As(CH3>J     4-     As(CH,),I. 
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By  Bubstituting  ethyl  iodide  for  methyl  iodide  in  this  reaction,  the  com- 
pound A8(CH3),(C2H,),l  ie  formed.  All  these  iodides,  treated  with  moist 
silver  oxide,  yield  the  corresponding  hydrates. 

Arsendimethyl  and  arsenmonomethyl  will  be  most  conTeniently  described 
in  this  place,  though  they  do  not  strictly  belong  to  the  ammonia  type,  at 
least  when  in  the  free  state. 

A«.'"(CH,), 
AneadimatliTl  or  Caoodyl,  A8,(CH,)4,  or  |  .  —  The  arsemo  m 

A«'"(CH,), 
this  compound  is  still  trivalent,  one  unit  of  equivalence  of  each  of  the 
arnenic-atoms  being  satisfied  by  combination  with  the  other,  just  as  in  the 
solid  hydrogen  arsenide,  As^H^  (p.  423).  When,  however,  the  arsendi- 
methyl combines  with  chlorine  or  other  monatomic  radicals,  the  molecule 
splits  into  two ;  thus : 

A8(CHJ^        +        CI,        =        2AS'''(CII,),Cl. 

Cacodyl,  so  called  from  its  repulsive  odor,  constitutes,  together  with  its 
products  of  oxidation,  the  spontaneously  inflammable  liquid  known  as  Ca- 
det** fuming  liquid^  or  Alkarsm.  This  liquid  is  prepared  by  distilling  potas- 
sium acetate  with  arsenious  oxide.  Equal  weights  of  these  two  substances, 
both  well  dried,  are  intimately  mixed  and  introduced  into  a  glass  retort 
connected  with  a  condenser  and  tubulated  receiver  cooled  by  ice,  a  tube 
being  attached  to  the  receiver  to  carry  away  the  permanently  gaseous  pro- 
ducts to  some  distance  from  the  experimenter.  Heat  is  then  applied  to  the 
retort,  which  is  gradually  increased  to  redness.  At  the  close  of  the  opera- 
tion, the  receiver  is  found  to  contain  two  liquids,  besides  a  quantity  of  re- 
duced arsenic:  the  heavier  of  these  is  the  crude  cacodyl;  the  other  consists 
chiefly  of  water,. acetic  acid,  and  acetone.  The  gas  given  ofif  during  the 
distillation  is  principally  carbon  dioxide.  The  crude  cacodyl  is  repeatedly 
washed  by  agitation  with  water  previously  freed  from  air  by  boiling,  and 
afterwards  redistilled  from  potassium  hydrate  in  a  vessel  filled  with  pure 
hydrogen  gas.     All  these  operations  must  be  conducted  in  the  open  air. 

Pure  cacodyl  is  obtained  by  decomposing  the  chloride  with  metallic  zinc, 
dissolving  out  the  zinc  chloride  with  water,  and  dehydrating  the  oily  liquid 
with  calcium  chloride.  The  strong  tendency  of  cacodyl  to  take  fire  in  the 
air,  and  the  extremely  poisonous  character  of  its  vapors,  render  it  neces- 
sary to  perform  all  the  distillations  in  sealed  vessels  filled  with  dry  carbon 
dioxide.  Bunsen,  to  whose  skill  and  perseverance  we  are  indebted  for  the 
discovery  of  this  remarkable  compouud,  proceeds  as  follows : 

1.  A  dilute  alcoholic  solution  of  alkarsin  is  cautiously  mixed  with  an 
equally  dilute  solution  of  mercuric  chloride,  avoiding  nn  excess  of  the  lat- 
ter; a  white  crystalline,  inodorous  precipitate  then  falls,  containing  As, 
(CHj)^O  .  HgClj:  when  this  is  distilled  with  concentrated  hydrochloric  aciri, 
it  yields  mercuric  chloride,  water,  and  cacddyl  chloride,  which  distils  over. 
The  product  is  left  for  some  time  in  contact  with  calcium  chloride  and  a 
little  quicklime,  and  then  distilled  alone  in  an  atmosphere  of  carbon 
dioxide. 

2.  To  obtain  free  cacodyl,  the  pure  anhydrous  chloride  is  digested  for 
three  hours  at  a  temperature  of  100®  with  slips  of  clean  metallic  zinc  con- 
tained in  a  bulb  blown  upon  a  glass  tube  previously  filled  with  carbonic 
acid  gas,  and  hermetically  sealed.  The  metal  dissolves  quietly  without 
evolution  of  gas.  When  the  action  is  complete,  and  the  whole  cool,  the 
vessel  is  observed  to  contain  a  white  saline  mass,  which,  on  the  admission 
of  a  little  water,  dissolves,  and  liberates  a  heavy  oily  liquid,  the  cacodyl 
itself.  This  is  rendered  quite  pure  by  distillation  from  a  fresh  quantity 
of  xinc,  the  process  being  conducted  in  the  little  apparatus  shown  in 
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fig.  196,  which  is  made  from  «  piece  of  glass  tube,  and  is  intended  to  serre 
the  purpose  both  of  retort  and  receiver.  The  line  is  introduced  into  ibe 
upper  bulb,  and  the  tube   drawn  out  in  the  manner  rcpreeemed.     The 

whole  is  then  filled  with  carbon  diuzide,  and  the  lower 
Fig.  190.  extremity  put   into  communication   with  a  little   ba&d- 

syringe.  On  dipping  the  point  a  into  the  crude  cacod^L 
and  making  a  slight  movement  of  exhaustion,  the  liquid 
is  drawn  up  into  the  bulb.  Both  extremities  are  then 
sealed  in  the  blowpipe  flame,  and  after  a  short  digestion 
at  100^,  or  a  little  above,  the  pure  cacodyl  is  distilled  off 
into  the  lower  bulb,  which  is  kept  cool.  It  forms  a  color- 
less, transparent,  thin  liquid,  much  resembling  alkarsin 
in  odor,  and  surpassing  that  substance  in  iitflummabiUtj. 
When  poured  into  the  air,  or  into  oxjgen  gus,  it  ignites 
instantly:  the  some  thing  happens  with  chlorine  With 
very  limited  access  of  air  it  throws  ofif  white  fumes,  pass- 
ing into  oxide,  and  eventually  into  cacodylic  acid.  Caco- 
dyl boils  at  170°  C.  (338«»  F.),  and  when  cooled  to  — 6°C. 
(21°  F.),  crystallises  in  large,  transparent,  square  prisms, 
it  combines  directly  also  with  sulphur. 
Cacodyl  is  decomposed  at  a  temperature  below  redness  into  metallie  arse- 
nic, and  a  mixture  of  2  measures  of  marsh-gas  and  1  measure  of  eth^e 
gas. 

The  powerful  combining  tendencies  of  cacodyl  indicate  that  it  is  sn  un- 
saturated compound  :  it  cnn,  in  fact,  take  up  2  atoms  of  a  monad  or  1  atom 
of  a  dyad  element,  forming  compounds  like  the  chloride,  As^CCHjI^CU  = 
2A8(CHj),Cl,  and  the  oxide,  A82(CH,)^0,  in  which  the  arsenic  is  trivalent; 
or  again,  6  atoms  of  a  monad  or  8  atoms  of  a  dyad  element,  forming  com- 
pounds like  the  trichloride,  As2(CH,)4C]g  =^  2As(CH,),Cl,,  in  which  arsenic 
is  quinquivalent.  These  last -mentioned  bodies  are  the  most  stable  of  all 
the  cacodyl  compounds. 

Cacodyl  Chloride,  or  Abseic-chlobodimethide,  As'^^(CH,),C1.  prepared 
as  above  described,  is  a  colorless  liquid,  which  does  not  fume  in  the  air, 
but  emits  an  intensely  poisonous  vapor.  It  is  heavier  than  water,  and  in- 
soluble in  that  liquid,  as  also  in  ether;  alcohol,  on  the  other  hand,  dis- 
solves it  with  facility.  The  boiling  point  of  this  compound  is  a  little  abo\e 
100° ;  its  vapor  is  colorless,  spontaneously  inflammable  in  the  air,  and  has 
a  density  of  4-56.  Dilute  nitric  acid  dissolves  the  chloride  without  change; 
with  the  concentrated  acid,  ignition  and  explosion  occur.  Cacodyl  chloride 
combines  with  cuprous  chloride,  forming  a  white,  insoluble,  crystslliDe 
double  salt,  containing  As,(CH,)4Clj  .  Cu^-Cl,;  also  with  cacodyl  oxide. 

Cacodyl  chloride  forms  a  hydrate  whicn  is  thick,  viscid,  and  readily  de- 
hydrated by  calcium  chloride. 

Cacodyltrichlokide,  As^(CH,),C1,,  is  produced  by  the  action  of  phos- 
phorus pentachloride  on  cacodylic  acid: 

A8'(CH8),0^^(OH)  -f  2rCl5  =s  A8(CH,),a,  -f  2P0C1,  -f-  HG. 

Also  by  the  action  of  chlorine  gas  on  the  monochloride.  Prepared  by  the 
first  method,  it  forms  splendid  large  prismatic  crystals,  which  however  are 
very  unstable,  being  instantly  decomposed,  at  temperatures  between  40^ 
and  50°  C.  (104-122°  F.),  into  methyl  chloride  and  arsen-monometbyl  chlo- 
ride: 

As'(CH3)3Cl,        =:        CHjCl        -h        A8'''(Cn,)Cl,. 

Cacodyl  Iodide.  AsCCHj)^,  is  a  thin,  yellowish  liquid,  of  offensive  odor, 
and  considerable  specific   gravity,   prepared    by  distilling  alkarsin  with 
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strong  solation  of  hydriodic  ftcid.  A  yellow  cryetalline  substance  is  formed 
at  the  same  time,  whioh  is  an  oxyiodide.  Caeodyl  bromide  and  fluoride  have 
also  been  obtained. 

Cagodyl  Cyanide,  A8(CH,)jCN,  Is  easily  formed  by  distilling  alkarsin 
with  strong  hydrocyanic  acid,  or  mercuric  cyanide.  Above  32-7®  C.  (90° 
F.),  it  is  a  colorless,  ethereal  liquid,  but  below  that  temperature  it  crys- 
tallizes in  colorless  four-sided  prisms,  of  beautiful  diamond  lustre.  It  boils 
at  about  140**  C.  (284®  F.),  and  is  but  slightly  soluble  in  water.  It  requires 
to  be  heated  before  inflammation  occurs.  The  vapor  of  this  substance  is 
most  fearfully  poisonous:  the  atmosphere  of  a  room  is  said  to  be  so  far 
contaminated  by  the  evaporation  of  a  few  grains  of  it  as  to  cause  insfan- 
taueous  numbness  of  the  hands  and  feet,  vertigo,  and  even  unconscious- 
ness. 

Cacodyl  Oxidb,  As^''-(CH,)^0''. — This  compound  is  formed  by  the  slow 
oxidation  of  cacodyl.  When  air  is  allowed  access  to  an  aqueous  solution 
of  alkarsin,  so  slowly  that  no  sensible  rise  of  temperature  follows,  that 
body  is  gradually  converted  into  a  thick,  syrupy  liquid,  full  of  crystals  of 
cacodylic  acid.  On  dissolving  this  mass  in  water,  and  distilling,  water  hav- 
ing the  odor  of  alkarsin  passes  over,  and  afterward  an  oily  liquid,  which 
is  the  cacodyl  oxide.     Impure  cacodylic  acid  remains  in  the  retort. 

Cacodyl  oxide,  purified  by  rectification  from  caustic  baryta,  is  a  color- 
less, oily  liquid,  having  a  pungent  odor,  sparingly  soluble  in  water,  and 
boiling  at  120®  C.  (248°  F.),  strongly  resembling  alkarsin  in  odor,  in  its 
relations  to  solvents,  and  in  the  greater  number  of  its  reactions;  but  it 
neither  fumes  in  the  air,  nor  takes  fire  at  common  temperatures:  its  vapor 
mixed  with  air,  and  heated  to  about  88®  C.  (190®  F.),  explodes  with  vio- 
lence. It  dissolves  in  hydrochloric,  hydrobromic,  and  hydriodic  acids, 
forming  chloride,  bromide,  and  iodide  of  cacodyl. 

Cacodyl  dioxide^  As,(CHj)^02,  is  the  thick  syrupy  liquid  produced  by  the 
slow  oxidation  of  cacodyl  or  of  alkarsin.  It  is  decomposed  by  water,  and 
then  yields  a  distillate  of  cacodyl  monoxide,  with  a  residue  of  cacodylio 
acid: 

2A8j(CH,)^0,   +    H,0   =   As,(Cn3)^0   +   2As(Cn,),0(0H.) 

Cacodylic  Acid,  As''(CHj)jO'''(On),  also  called  Alkargm^  —  This  is  the 
ultimate  product  of  the  action  of  oxygen  at  a  low  temperature  upon  caco- 
dyl or  alkarsin  in  presence  of  water:  it  is  best  prepared  by  adding  mer- 
curic oxide  to  alkarsin,  covered  with  a  layer  of  water  and  artificially 
cooled,  until  the  mixture  loses  all  odor,  and  afterward  decomposing  any 
mercuric  cacodylate  that  may  have  been  formed,  by  the  cautious  addition 
of  more  nlkarsin.  The  liquid  yields,  by  evaporation  to  dryness  and  solu- 
tion in  alcohol,  crystals  of  cacodylic  acid.  The  sulphide  and  other  com- 
pounds of  cacodyl  yield  the  same  substance  on  exposure  to  air.  Cacodylic 
acid  forms  brilliant,  colorless,  brittle  crystals,  which  have  the  form  of  a 
modified  square  prism :  it  is  permanent  in  dry  air,  but  deliquescent  in  a  moist 
ittmosphere.  It  is  not  at  all  poisonous,  though  it  contains  more  than  60  per 
cent,  of  arsenic.  It  is  very  soluble  in  water  and  in  alcohol,  but  not  in  ether: 
the  solution  has  an  acid  reaction.  When  mixed  with  alkalies  and  evapo- 
rated, it  leaves  a  gummy,  amorphous  mass.  With  the  oxides  of  silver  and 
mercury,  on  the  other  hand,  it  yields  crystallizable  compounds.  It  unites 
with  cacodyl  oxide,  and  forms  a  variety  of  combinations  with  metallic  salts. 
Cacodylic  acid  is  exceedingly  stable:  it  is  not  affected  by  red  fuming  nitric 
acid,  nitromuriatic  acid,  or  even  chromic  ncid  in  solution :  it  may  be  boiled 
with  these  substances  without  the  least  change.  It  is  deoxidized,  however, 
by  phosphorous  acid  and  stannous  chloride,  yielding  cacodyl  oxide.  Dry 
hydriodic  acid  gas  decomposes  it,  with  production  of  water,  cacodyl  iodide, 
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and  free  iodine.  With  dry  hydrochloric  acid  gas,  or  with  the  c<mefii> 
trated  aqueous  acid,  cacodylic  acid  unites  directly,  forming  the  eompoand 
As  (CHgjjOoH.  HCl.  But  by  exposing  cacodylic  acid  for  a  long  time  to  a 
stream  of  hydrochloric  acid  gas,  arnen-monomethyl  (UeMoridt  is  obtained,  to- 
gether with  water  and  methyl  chloride : 

As(CH,),0,H  +  8HC1    =   AsfCHjja,  -f  2H,0  -f  CH,a 

Phosphorus  pentachloride  conTerts  cacodylic  acid  into  cacodyl  trichloride 
(p.  7ti4). 

Cacodtl  Sulphide,  A82(CH,)^S,  is  formed  by  adding  barium  snlphide  to 
crude  cacodyl,  or  by  distilling  barium  sulph-hydrate  with  cacodyl  chloride. 
It  is  a  transparent  liquid  which  retains  its  fluidity  at  — 40^,  and  boils  at  a 
temperature  considerably  above  100°. 

Cacodyl  di*ulphide^  K^^(Cl{^)^^  is  formed  by  the  action  of  sulphur  on  ca- 
codyl or  the  monosulphide,  or  by  treating  cacodylic  acid  with  sulphuretie'l 
hydrogen  in  a  yessel  externally  cooled.  It  separates  from  the  solution  in 
large  rhombic  crystals.  The  alcoholic  solution  of  this  compound  yields 
with  various  metallic  solutions,  precipitates  consisting  of  salts  of  tvlphora- 
codylic  acid^  As(CH,)^2H,  analogous  to  cacodylic  acid.  The  lead-salt,  As^^ 
(Cllj)4S^Pb''^  forms  small  white  crystals. 

Arsenmonomethyl,  As(CH,)  — This  radical,  which  is  not  known  in  the 
separate  state,  is  either  bivalent  or  quadrivalent.  Its  dicbloride,  As''^ 
(Cllg)Clj,  is  produced  either  by  the  decomposition  of  caco'lyl  trichloriiie 
by  heat:  A8(Cn3)j,Cl,=  A8(CH,)Clj,-f  CHjCl;  or  by  the  prolonged  action  of 
hydrochloric  acid  on  cacodylic  acid  (p.  705).  It  is  a  colorless,  heavy,  mo- 
bile liquid,  having  a  strong  reducing  power;  boils  at  183°C  (271®  F.).  Its 
vapor  exerts  a  most  violent  action  on  the  mucous  membranes;  on  smelling 
it,  the  eyes,  nose,  and  whole  face  swell  up,  and  a  peculiar  lancinating  pain 
is  felt,  extending  down  to  the  throat.  The  tetrachloride,  \9i*{d\^)Q\^,  is  ob 
tained  in  large  crystals  by  pas^siug  chlorine  over  a  mixture  of  the  dichlo- 
ride  and  carbon  bisulphide  cooled  to  — 10°.  It  is  very  unstable,  dccora- 
posiiig  even  near  0°  into  methyl  chloride  and  arscnious  chloride.  \^\ 
There  is  also  a  chlorobromide,  As(CH3)ClBr,  and  a  di-iodide,  As(CH,)l^ 

The  oxidty  As(CHg)0,  obtained  by  decomposing  the  dichloride  with  }>ot&s- 
siuni  carbonate,  forms  large  cubical  crystals,  soluble  in  water,  alcohol,  and 
ether,  and  resolved  by  distillation  with  potash  into  arseuious  oxide  and 
cacodyl  oxide;  4As(CHj)0=A8,05-j-A83(CH8).0. 

Arsenmethylic  Acid,  A8*(CH3)O^''(0H),,  is  obtained  as  a  barium-salt  by 
decomposing  arsenmetbyl  dichloride  with  a  slight  excess  of  silver-oxide: 
and  this  salt,  decomposed  by  sulphuric  acid,  yields  the  acid  which  remain^ 
on  evaporation  in  the  form  of  a  laminated  mass.     It  is  bibattic. 

Aratnmethyl  atdphide,  As(CHg)S,  is  obtained  as  a  white  mass  by  passing 
hydrogen  sulphide  over  the  dichloride. 

On  comparing  the  combining  or  equiyalent  values  of  the  seTeral  arse- 
nides of  methyl,  it  will  be  seen  that  they  all  unite  with  elementary  bodice* 
and  compound  radicals,  in  such  proportion  as  to  form  compounds  in  whicit 
the  arsenic  is  either  frivalent  or  •quinquivalent,  the  last-mentioned  com- 
pounds being  by  far  the  most  stable.     Thus  : 

Arsenmonomethyl,  A8(CHj),  is  bi-  and  quadri-valent,  forming  the  chlo- 
rides As^^^(CH3)Ci,  and  AsviCUgjCV 

Arsendimethyl.  AsfCHj^j.  is  mono-  and  tri-Talent,  forming  the  chlorides 

A8^^''(CH,),C1  and  As^^'Hs^s^'U 

Arsentrimethyl,  A8(CIL)o,  is  bivalent  only,  and  forms  the  chloride  As' 
(CH,),C1,. 

Arsenmethylium,  or  Tetramethylarsonium,  A8{CH,)..  is  univalent,  form- 
ing the  chloride  As^(CHs)^Cl. 
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Bitmethyl  or  Trie  thy  Ibismathine,  BifC^H^),,  analogous  in  composition  to 
triethylstibine  and  trietliylursiue,  is  formed  by  the  action  of  ethyl  iodide 
on  an  alloy  of  bismuth  and  potassium,  and  is  extracted  from  the  residue 
by  ether.  It  is  a  yellow  liquid  of  specific  gravity  1*82,  has  a  most  nau- 
seous odor,  and  emits  vapors  which  take  fire  in  contact  with  the  air.  It 
unites  with  oxygen,  chloriue,  bromine,  iodine,  and  nitric  acid. 

Borethyl,  B(C2Hg),.  —  Dr.  Frankland  has  obtained  this  compound  by 
treating  boric  etlier  with  zinc-ethyl:  it  is  a  colorless  mobile  liquid  having 
a  pungent  odor,  irritating  the  eyes,  of  sp.  gr.  0*696,  and  boiling  at  9o°  C. 
(203^  F.y  Borethyl  is  insoluble  in  water,  but  very  slowly  decomposed 
when  left  in  prolonged  contact  with  it.  When  exposed  to  the  air  it  is  spon- 
taneously inflamed,  burning  with  a  beautiful  green  and  somewhat  smoky 
flame.  It  combines  with  ammonia,  forming  the  compound  NH3. B(C2Hg)g. 
By  the  gradual  action  of  dry  air,  and,  ultimately,  of  dry  oxygen,  borethyl 
is  converted  into  an  oxygen  compound  of  the  formula  B(C2Hj)30,. 
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The  action  of  ethene  bromide  on  triethylphosphine  gives  rise  to  the  for- 
mation  of  two  crystalline  bromides,  according  to  the  proportions  in  which 
the  Aubstances  are  brought  in  contact.  These  bromides  are  CgH,,PBr2= 
CeHjjP-t-CjH^Br,  and  C^Hj^PjBr,^  2CeH„P4-C,H^Bry  The  first  of  these 
compounds  is  the  bromide  of  a  phosphonium  in  which  8  atoms  of  hydro- 
gen are  replaced  by  ethyl  nnd  one  atom  by  the  univalent  radical  bromethyl, 
CjH^Br,  thus  [(C2H^Br)(C,H5)5P]Br.  Half  the  bromine  in  this  salt  is  un- 
affected by  the  action  of  silver-salts ;  it  may  accordingly  be  designated  as 
bromide  of  bromethyl-triethyl-phosphonium.  Numerous  salts  of  this  compound 
are  known,  but  the  free  base  cannot  be  obtained,  since  silver  oxide  elimi- 
nates the  latent  bromine,  giving  rise  to  the  formation  of  a  base  containing 
[(C,n50)(C-H5)3P]OH.  The  second  compound  is  the  dibromide  of  eihene- 
hexethyl  diphotp/ionium,  [{CjU^y^(C^H^)^V2y^lir^.  This  radical,  which  cor- 
responds to  2  equivalents  of  ammonium,  2NH^  =  N,IIg,  forms  a  series  of 
very  stable  and  beautiful  salts,  especially  an  iodide  which  is  difficultly 
soluble  in  water.  In  all  these  salts  the  base,  which  is  composed  of  1  mole- 
cule of  ethene,  6  molecules  of  ethyl,  and  2  atoms  of  phosphorus,  is  united 
with  2  molecules  of  nnivalent-acid  radical;  the  platinum-salt  contains 
(CJI^)'^(C,H5)eP,Br, .  Pi»»CV     The  free,  very  caustic,  and  stable  base  has 

the  composition  [{C2li^V^{C^^i)e^ty^(^^)r 

The  dibromide  of  ethene-hexeihyl-diphosphonium  may  be  formed  by  the 
action  of  triethylphosphine  upon  the  brominated  bromide  which  has  been 
mentioned  as  the  first  product  of  the  action  of  ethene  dibromide  upon  tri- 
etliylpho»«phine ;  C3K,gPBr2-j-CgH,5Pr=C,^H5.PjBr,.  If  the  triethylphosphine 
be  replaced  in  this  process  by  ammonia  or  oy  monamines  in  general,  or  by 
monarsines,  an  almost  unlimited  series  of  diatomic  salts  may  be  formed, 
in  w^hich  phosphorus  and  nitrogen  or  phospliorus  and  arsenic  are  associated. 

Thus  the  action  of  ammonia,  of  ethylamine,  and  of  triethylarsine,  gives 
rise  respectively  to  the  following  compounds: 

Dibroinido   of  Ethene-triethyl- 1       r(c,H,)"(C,H,),H,PN]"Br_ 
phosphammonium  .      j        lv   a    */    v   a    »/»    s      j        r 

^'hrphLmon'iur-'r'"*''' }       [(C,H,)-(C,H.),H,PN]"Br, 
'''X'htrfprm  °'''"''''''' }       [(CA)-(C.H.).PAs]-Br. 


768  ZINC-BTHYL. 

Treated  with  silver  oxide,  these  bromides  yield  the  very  caustic  diatomic 
bases  — 

''S-p'halofiur  l""''''.^'- }       [(C.U.)"(C.H.).H.PS]"(OH), 

""'ptrpVirr'-'r"*'''" }  [(c.h.)-(c.h.,.pa»]"(ohv 

The  nrsenio  bases,  when  submitted  to  the  action  of  ethene  dibromide, 
give  rise  to  perfectly  analogous  results.  The  limits  of  this  Manual  will  not 
permit  us  to  examine  these  remarkable  compounds  in  detalL 


IV .  —  Compoimds  of  Alcohol-radicals  with  Bivalent  and  Quadrivalent 

Metals  and  Metalloids. 

The  bodies  of  this  group  which  contain  bivalent  elements,  such  as  linc, 
are  saturated  compounds,  not  capable  of  uniting  directly  with  chlorine,  oxt- 
gen,  &c. ;  those  which  contain  quadrivalent  metals,  like  tin,  are  saturated 
or  unsaturated  accordingly  as  they  contain  four  or  only  two  equivalents  of 
alcohol-radicals. 

All  these  compounds  are  frequently  designated  as  wyanoHiutaiiie  bodie», 
a  term  likewise  including  the  compounds  of  alcohol-radicals  with  areesic, 
antimony,  and  bismuth.  We  shall  describe  chiefly  the  ethyl  compounds, 
to  which  the  methyl  and  amyl  compounds  are  strictly  analogous. 

Zinc-ethyl  or  Zinc  ethide,  Zn^^(C3H5)2. — This  compound,  discovered  bj 
Frankland,  is  formed,  together  with  zinc-iodide,  when  ethyl  iodide  is  heated 
with  metallic  sine  in  a  sealed  glass  tube,  or,  for  larger  quantities,  in  a 
strong  and  well-closed  copper  cylinder :  2C,Hjl  -|-  Zn,  r=  Znl,  -\-  Zn(C,Hj)|. 
The  two  products  remain  combined  together  in  the  form  of  a  white  crysta.- 
line  mass,  from  which  the  zinc-ethyl  may  be  separated  by  distillation  in  aa 
atmosphere  of  hydrogen.  It  is  a  mobile  and  very  volatile  liquid,  haviDf^a 
disagreeable  odor,  taking  fire  instantly  on  coming  in  contact  with  the  air, 
and  diffusing  white  fumes  of  zinc  oxide.  Water  decomposes  it  violently, 
with  formation  of  zinc  hydrate,  and  evolution  of  ethane  or  ethyl-hydride: 
ZniC^U^)^  +  2H,0  =  ZnHjO,  -f  C^H,.  When  gradually  mixed  with  dry 
ozf/fferif  it  passes  through  two  stages  of  oxidation,  yielding  first  zinc  ethjl- 

ethylate,   Zn'^|Q«P»j,    and   finally   zinc   ethylate,    Zn'^(0C,H5V     Witl^ 

iodine  and  other  halogens,  the  reaction  also  takes  place  by  two  stages,  but 
consists  in  the  successive  substitution  of  the  halogen  for  the  ethyl;  thu&: 

Zn(C,H,),        +        I,        =x        C,H,I        +        Zn(C,H»)I, 

and 

Zn(G,H,)I        +         I,        =        C,HgI         +         Znl^ 

Zinc  ethide  has  become  a  very  important  reagent  in  organic  chemistnr, 
serving  to  effect  the  substitution  of  the  positive  radical  ethyl  for  chlorine, 
iodine,  and  other  negative  elements,  and  thus  enabling  us  to  build  up 
carbon -compounds  from  others  lower  in  the  scale.  Many  examples  of 
those  reactions  have  already  been  given  in  the  chapters  on  alcohols  and 
acids.  In  like  manner  it  serves  for  the  preparation  of  many  other  or- 
gano- metallic  bodies.  The  following  equations  exhibit  the  mode  of  forma- 
tion of  mercuric  methide,  stannic  ethide,  and  triethylarsine  by  means  of 
fine  ethide: 
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Zn/'(C,H,),  -f  Hg^^Cl,  =  ZnCl,  +  Hg//(C,H,), 
2Zn^'(C,H5),  +  Sni^Cl^  ==  2ZnCl2  +  8n»'(CaH5)^ 
3Zn''(C,H5),      -f     2A8^^^C1,     =     SZnCl,       +     2Ab^'^(C,H4),. 

Zine  Methide,  Zn^^(CH,),  is  analogous  in  its  reactions  to  zinc  ethide,  but 
18  still  more  volatile  and  inflammable. 

Fotassiam  Ethide,  C^H^K,  and  Sodium  Ethide,  C^H^Na,  are  not  known  in 
the  separate  state,  but  only  in  combination  with  zino-ethyl.  These  mixed 
compounds  are  produced  by  the  action  of  potassiunron  sodium  zino-ethyl; 
thus: 

8Zn(C,H,),      +      Na,      =      Zn      +      2(C,H,),{|°" 

These  compounds  and  their  homologues,  discoTered  by  Wanklyn,  have  also 
played  an  important  part  in  chemical  synthesis.  The  production  of  the 
fatty  acids  by  the  combination  of  carbon  dioxide  with  sodium  ethide,  &c. 
has  been  frequently  mentioned. 

Meronrio  Ethide,  Hg^^rC^Hj),.  —  This  compound  is  formed,  as  already  ob- 
served, by  the  action  of  mercuric  chloride  on  zinc  ethide,  but  it  is  more 
easily  prepared  by  the  action  of  sodium-amalgam  on  ethyl  iodide  in  presence 
of  acetic  ether : 

2C,H.I      -f       Na,      +       Hg      =    2NaI       +      Hg(C,Fr,),. 

The  acetic  ether  takes  no  part  in  the  reaction ;  nevertheless  its  presence 
appears  to  be  essential. 

Mercuric  ethide  is  a  transparent,  colorless  liquid,  boiling  at  159®.  It 
burns  with  a  smoky  flame,  giving  off  a  large  quantity  of  mercurial  vapor. 
Chlorine,  bromine,  and  iodine  remove  one  equivalent  of  ethyl  from  this  com- 
pound, and  take  its  place,  forming  mercuric  cblorethide,  &c. ;  thus : 

Hk(C.H.),    +    CI,    =     C,H.C1    +    Hg(C,H.)Cl. 

A  similar  action  is  exerted  by  acids,  e.  g.y  by  hydrobromic  acid,  the  pro- 
ducts being  ethane  and  mercuric  bromethide: 

Hg(C,H,),      4-     HBr==     C.H,      +    Hg(C,H5)Br. 

The  chlorethide  or  bromethide  is  converted  by  water  into  mercuric  ethyl- 
hydrate,  Ug^^(C,H2)(0U).  Mercuric  ethide  serves  for  the  preparation  of 
several  other  organo-metallic  bodies. 

Alaminium  Mothide,  AV'^{C^^)^  or  AyCHgV  —  This  compound,  dis- 
covered by  Buckton  and  Odling,^  is  formed  by  heating  mercuriu  ethide 
with  aluminium.  It  is  a  mobile  liquid,  which  crystallizes  at  a  little  above 
0«,  and  boils  at  130°  C.  (266<»  F).  At  and  above  220°  C.  (428°  F.)  the  den- 
sity of  its  vapor,  compared  with  that  of  air,  is  2*8,  which  is  near  to  the 
theoretical  density  calculated  for  the  formula  A^CjH}),,  namely,  2*5.  This 
seems  to  show  that  the  true  formula  of  the  compound  is  Al(G,Hg),,  and  not 
Al2(C,H5)f,  and,  consequently,  that  aluminium  is  a  triad,  not  a  tetrad  (p 
33^).  At  temperatures  near  the  boiling  point,  however,  the  vapor-density 
becomes  4  4,  approximating  to  the  theoretical  density  calculated  for  the 
formula  A1,(C,H5),. 

Aluminium  ethide  resembles  the  methyl  compound.  It  boils  at  194°  C. 
(381°  F.),  and  its  vapor  likewise  exhibits,  at  temperatures  considerably 
above  its  boiling  point,  a  density  nearly  equal  to  that  required  by  the  for- 
mula Al(C,Hj),,  for  a  two-volume  condensation. f 

•  ProeevdlngB  of  the  Royal  Society,  xlv.  19. 

f  The  Tapor*denfity  of  alnmininm  chloride,  m  determined  by  Devllle,  agreee  with  that  r» 
qnired  by  the  formula  A1«C1« ;  but  as  this  compound  has  a  very  high  boiling  point,  it  was  per- 
haps not  heated  toUlciently  to  convert  it  into  a  perfect  gas  (see  page  461). 
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Ethyl  Componndt  of  Tin.  —  Tin  forms  two  ethyl  eompoiindg,  8n^^(C,H^\ 
and  Sn^^(C,Hg)^,  analogous  to  stannous  and  stannic  chloride ;  also  a  Stan* 
noso-stannous  ethide,  &$n2(C2Hj)f«  analogous  in  constitution  to  ethane.  C^f 
Stannic  ethide  is  a  saturated  compound,  but  the  other  two  are  unsatunied 
bodies,  capable  of  uniting  with  chlorine,  bromine,  oxvgen,  and  leid  radi- 
cals, and  being  thereby  couTcrted  into  compounds  of  the  stannic  type. 

Stannous  Ethide,  Sn^^(C,Hj),  — When  ethyl  iodide  and  tinfoil  are 
heated  together  in  a  sealed  glass  tube  to  about  150°  or  180°  C.  (302°-3&6^ 
F.),  stannous  iodethide,  Sn*'(C,H5)2l,,  is  produced,  crystallizing  in  colorless 
needles.  The  same  compound  is  obtained  when  tin  and  ethyl  iodide  are 
exposed  to  the  rays  of  the  sun  concentrated  by  a  parabolic  reflector.  The 
reaction  is  considerably  facilitated  if  the  tin  be  alloyed  by  one-tenth  of  its 
weight  of  sodium.  This  iodide  is  decomposed  by  sodium  or  sine,  which 
abstracts  the  iodine  and  leaves  stannous  ethide  in  the  form  of  a  thick,  oily 
liqilid,  insoluble  in  water,  and  faaTing  the  sp.  gr.  1-66.  Stannous  ethide 
combines  directly  with  2  atoms  of  chlorine,  iodine,  and  bromine,  forming 
stannic  chlorethide,  Sn'*(C2Hj)2C1^  &c.  Exposed  to  the  air,  it  absorbs  oxy* 
gen  and  is  couTerted  into  stannous  oxethide,  Sn'*(C,H(),0,  a  whitish,  taste- 
less, inodorous  powder,  which,  when  treated  with  oxygen-acids,  yields  well 
crystallized  stannous  salts,  such  as  Sn**(C2Hf)2(NO,)y  Sn^(C,H|)|S04.  &c. 

Stannoso  STANNIC  Ethidb,  Sn,(C,Hj)0,  is  always  produced  in  small  quan- 
tity when  8tannous  ethide  is  prepared  by  the  methods  above  mentioned. 
It  is  really  obtained  in  the  free  state  by  digesting  an  alloy  of  1  part  of 
sodium  and  6  parts  of  tin  with  ethyl  iodide,  exhausting  the  mass  with  ether, 
evaporating  the  ethereal  solution,  and  exhausting  the  residue  with  alcohoL 
The  stannoso-stannic  ethide,  being  insoluble  in  that  liquid,  then  remains 
behind.  It  is  a  yellow  oil,  boiling  at  180°  C  (366®  F.),  combining  directly 
with  chlorine,  bromine,  and  iodine  to  form  two  molecules  of  a  stannic  com- 
pound ;  e.  g, : 

Sn,(C,Hj)«    +    CI,    =    2Sii''(C,H.),Cl ; 

Stannic  chloro-triethide. 

also  with  oxygen,  forming  distannie  oxy-hexethide,  Sn*'2(C2n^)gO.  This 
oxide  is,  however,  best  obtained  by  distilling  stannous  oxy-diethide.  Sn" 
(C,H5),0  (above  described),  with  potash.  It  is  an  oily  liquid,  soluble  in 
alcohol,  ether,  and  water;  the  aqueous  solution  has  a  strong  alkaline  reac- 
tion. It  is  easily  acted  upon  by  oxygen-acids,  yielding  the  corresponding 
sulphate,  Sn,(C^Hg)QS04,  &c. 

Stannic  Ethide,  Sn*^(C,Hj).,  is  produced  by  the  action  of  line  ethide  oa 
stannic  chloride;  also  by  the  distillation  of  stannous  ethide,  2Sn(C^}),  = 
Sn  -f  Sn(CjIl5)^.  It  is  a  colorless,  nearly  odorless  liquid,  of  sp.  gr.  MJ^, 
boiling  at  181°  C.  (358°  F.),  and  very  inflammable,  burning  with  a  highlr 
luminous  flame.  When  treated  with  chlorine,  bromine,  &c  ,  or  with  acid^, 
it  forms  substitution-products:  thus,  with  iodine,  it  splits  up  into  ethyl 
iodide  and  stannic  iodotriethide  : 

Sn(C,H,),    -f    I,    =    C,HJ    +    Sn(C,H,),L 

With  strong  hydrochloric  acid,  it  yields  ethane  and  stannic  chlorotriethide, 
Sn(C,H5),  +  HCl  =  C,He  +  Sn(C,H5),Cl. 

Plumbic  Ethide,  I*b(C2Hg)^,  is  produced  by  the  action  of  plumbic  chloride 
on  zinc  ethide: 

2Zn(C,H5),  +  2Pba,  =  2Zna,  -f  Pb  -f  Pb(C,H,)4, 

It  is  a  colorless  limpid  liquid,  soluble  in  ether  but  not  in  water.  It  is  not 
acted  upon  by  oxygen  at  ordinary  temperatures ;  but  ohlorine,  bromine. 
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aad  iodine  act  violeiitly  upon  it,  in  the  same  manner  as  on  stannic  ethide, 
forming  plumbic  cliloro-triethide,  Pb(C3H,),Cl,  &c.  Plumbic  ethide  is 
interesiing,  aa  affording  a  proof  that  lead  is  really  a  tetrad  (p.  398.) 

Tellarethyl,  Te^^(C,Il5)2,  is  obtained  by  distilling  potassium  telluride 
with  potassium  ethylsulphate.  It  is  a  heavy,  oily  liquid  of  yellowish-red 
color,  very  inflammable,  and  having  a  most  insufferable  odor.  It  acts  as  a 
bivalent  radical,  uniting  directly  with  chlorine,  bromine,  oxygen,  &c'..  to 
form  compounds  in  which  the  tellurium  enters  as  a  tetrad,  e.  ^.,  Te**(C2H0), 
CV  Te»'(C,H5),0'^  Ac.  The  nitrate  Te(C,H5),(N0,)y  is  obtained  by  treat- 
ing tellethuryl  with  nitric  acid;  the  other  salts  by  double  decomposition; 
the  chloride,  for  example,  settles  down,  as  a  heavy  oil,  on  adding  hydro- 
chloric acid  to  a  solution  of  the  nitrate.  The  oxide  is  best  prepared  by 
treating  the  chloride  with  water  and  silyer  oxide.  It  dissolves  in  water, 
forming  a  slightly  alkaline  liquid. 

Tdluro-methyl^  Te(CH,)^  and  telluramyl^  Te(C|H,,],,  are  similar  in  their 
properties  to  tellurethyl.  The  corresponding  seUniutn  compound*  have  like- 
wise been  obt-ained. 

There  are  also  compounds  of  ttdphur  with  alcohol-radicals  in  which  the 
sulphur  plays  the  part  of  a  quadrivalent  elemeift,  vii ,  the  trUthyUulphurout 
eompoundt,  already  described  (p.  630). — Sulphurous  iodo-friethid".  Si»(C,H.^,I, 
for  example,  is  produced  by  combination  of  ethyl  monosulphide,  ^(UgHg)^ 
with  ethyl  iodide,  CjHgl. 

Other  compounds,  in  which  the  sulphur  may  be  regarded  as  a  hexad, 
are  obtained  by  combining  ethyl  sulphide  and  cthene  sulphide  with  ethene 
dibromide:  thus  tulphurie  diethene-dibromide,  S^^^C^U.y^^lW^^  is  formed  by 
combination  of  Sf  C^H^)  with  C,H^Br^  and  sulphuric  diethyl-ethene-dibromide, 
S^(C,H,),(CaH4)^^Br,,  in  like  manner  by  combination  of  SlC^H.),  with 
C,H^Br,. 


AKIDES. 

Wi  haTe  had  f^qnent  occasion  to  speak  of  these  compoTmds,  as  deriTed 
from  ammonium-salts  bjr  abstraction  of  water,  or  from  acids  by  eubstita- 
tion  of  amidogen,  NH,  for  hydroxyl,  OH,  or  from  one  or  more  molecules 
of  ammonia  by  substitution  of  acid-radicals  for  hydrogen.  They  are 
divided  (like  amines)  into  roonamides,  diamides,  and  triamides,  each  of 
which  groups  is  further  subdivided  into  primary,  secondary,  and  tertiary 
amides,  accordingly  as  one-third,  two-thirds,  or  the  whole  of  the  hydrogen 
is  replaced  by  ucid-radicals.  If  the  hydrogen  is  replaced  partly  by  acid- 
radicals,  and  partly  by  alcohol-radicals,  the  compound  is  called  an  elkala- 
midf;  for  example,  ethylacetamide,  NH(C,H.)(C,H.O) ;  ethyldiacetamide 
N(C,H,)(C,H,0),. 


AMIDES  DEBITED  FROM  MONATOMIC  ACIDS. 

A  monatomio  acid  yields  but  one  primary  amide^  w^hich  may  be  formed: 
1.  From  its  ammonium-salt  by  abstraction  of  a  molecule  of  water,  under 
the  influence  of  heat ;  thus : 

CjHjfNHJO,    —    H,0    =    CjHjNO    =      I    '         =     n{^»^»^ 
Ammonium  Acetamide.  uONHg  ^     * 

acetate. 

These  amides  are  also  produced:    2.  By  the  action  of  ammonia  on  aeid 
chlorides ;  e.  g. : 

CjHjOCl        +        NH,        s=        HCl        -t-        NH,(C,H,0). 

This  method  is  especially  adapted  to  the  preparation  of  those  amides  which 
are  insoluble  in  water. 
8.  By  the  action  of  ammonia  on  compound  ethers : 

CjHjO.OCjH,     -f      NH,     =      HOCjH,     -f      NHjCCjHjO). 
Ethyl  acetate.  Ethyl  alcohol.  Acetamide. 

Acetamide^  which  may  be  regarded  as  a  type  of  primary  monamides.  is  • 
white  crystalline  solid  melting  at  78®  C.  (172°  F.),  and  boiling  at  221*  or 
222®  C.  (430®  F.).  When  heated  with  acids  or  with  alkalies,  it  takes  up 
water  and  is  converted  into  acetic  acid  and  ammonia.  Distilled  with  phof'- 
phoric  oxide,  it  gives  up  wat^^r  nnd  is  converted  into  ctcttonitrile  or  vutkyl 
ct/anide,  CjHjNO,  —  HjO  =  CjHjN.  Heated  in  a  stream  of  dry  hydrochlo- 
ric acid,  it  yields  diacetatnidey  together  with  other  products: 

2NH,(C,H30)       -f       HCl      =      NH.Cl      -f      NH(C,H,0)y 

Acetamide  acts  both  as  a  base  and  as  an  acid,  combining  with  hydrochloric 
and  wirh  nitric  acid,  and  likewise  forming  salts  in  which  one  atom  of  it'' 
hydrogen  is  replaced  by  a  metal :  fnlver-aeetamidf^  C,H^NAgO,  for  example, 
is  ohtnined  in  crystalline  scales  by  saturating  an  aqueous  solution  of  ace- 
tamide with  silver  oxide. 
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SetaamidBy  C^H^NO  =  NH,(CTHgO),  is  produced  bj  methods  similar  to 
those  above  given  for  the  formation  of  acetamide ;  also  by  oxidizing  hip- 
puric  acid  with  lead  dioxide : 

C.H.NO,      +      0,      =      C,HyNCl      +      2C0,      -f-       H,0 

3«nzamide  is  a  crystalline  substance  nearly  insoluble  in  cold  water,  easily 
soluble  in  boiling  water,  also  in  alcohol  and  ether;  it  melts  at  115^0.(289®  F.), 
and  volatilizes  undecomposed  between  286°  and  2W*  C.  (647°-654®  F.).  Its 
reactions  are  for  the  most  part  similar  to  those  of  acetamide.  Heated  with 
benzoic  oxide  or  chloride,  it  yields  benzonitrile  and  benzoic  acid : 

C,H,NO      +      (C^H^O),©      =        C,H,N      +      2C,H.O, 
Benzamide.  Benzoic  oxide.        Benzonitrile.      Benzoic  acid. 

C^H^NO      +       C^HgOCl        =        C^HjN      +    CjH,0,4-HCl 
Benzamide.      Benzoic  chloride.       Benzonitrile.  Benzoic  acid. 

Heated  with  fuming  hydrochloric  acid,  it  forms  hydrochloride  of  beni- 
amide,  C^ H^NO .  HCl,  which  separates  on  cooling  in  long  aggregated  prisms. 
Its  aqueous  solution  dissolves  mercuric  oxide,  forming  benzomereuramidej 
N^^C,H,0).Hg". 

Seecndary  monamidea  are  those  in  which  two  atoms  of  hydrogen  in  a  mole- 
cule of  ammonia  are  replaced  by  two  univalent  or  one  bivalent  acid-radi- 
cal, or  by  one  acid-radical  and  one  alcohol-radical.  Those  containing  only 
univalent  radicals  are  formed  by  the  action  of  dry  hydrochloric  acid  gas 
on  primary  monamides  at  a  high  temperature ;  e.  g, : 

2NH,(CaH,0)      +      HCl      =      NH4CI      -f-      NH(C,H,0), 
Acetamide.  Diacetamide. 

Those  containing  bivalent  acid-radicals  are  called  imides  ;  t.g  ^  succinimides, 
NHfC^H^O,)^^.  They  are  derived  from  bibasic  acids,  and  will  be  noticed 
farther  on. 

Secondary  monamides  (alkalamidet)  containing  an  acid-radical  and  an 
alcohol-radical,  are  formed  by  processes  similar  to  those  above  given  for 
the  formation  of  the  primary  monamides,  substituting  amines  for  ammo- 
nia; thus: 

NH,(C,H5)    -f-    CjHjOCl  =    HCl         -f  NH(C,H5)(C,H.O) 

Ethylamine.  Acetic  Ethyl-acetamide. 

chloride. 

NH,(C,H,)     +    C,H,0{OC,H.)    =    HOC.H^  -f  NH(C,H5)(C,H,0) 
Ethylamine.  Ethyl  acetate.  Alcohol.         Ethyl-acetamide. 

They  are  crystalline,  and  for  the  most  part  do  not  combine  with  acids. 
When  boiled  with  acids  or  alkalies,  they  take  up  water  and  regenerate 
their  acid  and  primary  amine ;  thus : 

NH(C-H5HC,H,0)     -f-     HOH    =    C,H,0(OH)     -f    NH,(CeH,) 
Phenyl-acetamide.  Acetic  acid.  Aniline. 

Tertiary  monamides  are  those  in  which  the  whole  of  the  hydrogen  in  one 
molecule  of  ammonia  is  replaced  by  acid-radicals  or  by  acid-  and  alcohol- 
radicals.  Those  of  the  latter  kind,  called  tertiary  alkalamides,  are  produced 
by  the  action  of  acid  chlorides  on  secondary  alkalamides : 

NH(C,H,)(C,H,0)     +     C^H^OCl    =    HCl    -f-    'S^QM^{Q^Tifi\ 
Phenyl-benzamide.  Benzoyl  Phenyl-aibenzamide« 

chloride. 
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Or  by  the  action  of  monatomic  acid  oxides  on  cyanic  ethers ;  e.  y.  .- 

(C,H,0),0    +     NiCOj'^(C,H,)     =    CO,    +     N(C,H.)(C,H,0), 
Acetic  oxide.  Ethyl  cyanate.  Echyl-diaceiamlae. 


AMIDES  DEBITED  FEOH  DIATOMIC  AND  MONOBASIC  AODBw 

Acids  of  this  group  may  gire  rise  to  two  monamides,  both  formed  by 
substitution  of  one  equiTalent  of  NH,  for  OH,  and  therefore  haTing  the 
same  composition.  They  are  however  isomeric,  not  identical,  the  one 
formed  by  replacement  of  the  alcoholic  hydroxyl  being  acid,  while  the 
other,  formed  by  replacement  of  the  basic  hydroxyl.  is  neutraL  The  add 
amides  thus  formed  are  called  amie  acids.  Gly collie  acid,  for  example, 
yields  glycoUamic  acid  and  glycollamide,  both  containing  C,H^0,: 

CHjOH  CH^NH,  CH,OH 

COOH  COOH  CONH, 

Gljcohio  GlycoUamic  Glycollamide. 

acid.  acid. 

These  amic  acids  and  amides  are  sometimes  represrnted  as  derived  from  a 
molecule  of  ammonia  and  a  molecule  of  water,  bound  together  by  the  sub- 
stitution of  a  diatomic  acid-radical  for  two  atoms  of  hydrogen;  thus: 

Type.  GlycoUamic  acid. 

The  amic  acids  of  this  group  are  identical  with  (he  amidated  acids  de- 
rived from  the  corresponding  monatomic  acids,  CbH^O,.  by  substitution  of 
amidogen  for  hydrogen  ;  thus  glycoUamic  acid  is  identical  with  amidacetic 
acid  ;  lactamic  with  amidopropionic  ;  leucamio  with  amidocaproic  acid;  for 
example : 

CH,  CH,(NH,)  CH,(OH) 

COOH  COOH  COOH 

Acetic  acid.  Amidacetic  or  Glycollio  acid. 

GlycoUamic  acid. 

These  amic  acids  are  formed,  as  already  observed,  by  the  action  of  am- 
monia on  the  monochlorinated  or  monobrominated  derivatives  of  the  fittj 
acids;  the  corresponding  neutral  amides  are  produced  by  the  action  of 
ammonia,  in  the  gaseous  state  or  in  alcoholic  solution,  on  the correspondiDf 
oxides  or  anhydrides,  or  on  the  et hylic  ethers  of  glycoUic  and  lactic  acids; 
thus: 

CsH.O,        +        NH,        =        CjHtNO, 
Lactide.  Lactamide. 

C«H,(OH)  C,H^OH 

I  -f        NH.H     =        HOCjH,      -f        I 
COfOCjHg)  CONH, 

Ethyl  lactate.  Alcohol.  Lact«miae. 

Leucamide,  the  neutral  ether  of  leucic  acid,  is  not  knovm. 

The  amic  acids  of  this  series  poBsess  basic  as  well  as  acid  properties,  sod 
are  therefore  often  designated  by  names  ending  in  ine,  the  ordinary  ter- 
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roination  for  organic  bases,  glygollamic  aoid  being  designated  as  glycocine, 
lactainio  acid  as  alanine,  leucaniic  acid  as  leucine  (pp.  614,  615,  620). 

Amidohenzoie  acid^  CjH.(NH,)0,,  or  CfH4(NU,) .  CO,H,  produced  from 
niiro-benioio  acid,  Q^'^^j^^O^)0^  by  the  action  of  hydrogen  sulphide,  may 
also  be  regarded  as  oxy-btmatnie  acid,  derived  from  oxy-benzoic  acid,  C^H^ 
(OH) .  CO,H,  by  substitution  of  NH,  for  OH. 

Diamidobemoie  acid,  CjH^(NH,),02,  formed  in  like  manner  from  dinitro- 
benzoio  acid,  may  also  be  viewed  as  dioxybetuamie  acid,  derived  from  a  hy- 
pothetical dioxybenzoic  acid,  C0H,(OH),.  CO^H ;  but  according  to  the  mode 
of  formation  of  these  acids,  they  are  more  conveniently  regarded  as  deriva- 
tives of  benzoic  acid.  Similar  remarks  apply  to  the  amidated  acids  derived 
from  the  homologues  of  benzoic  acid. 


AMIDES  DBRITED  FROM  DIATOMIC  AND  BIBASIG  ACIDS. 

Each  acid  of  this  group  may  give  rise  to  three  amides:  viz.,  1.  An  acid, 
amide,  or  amie  acid,  formed  from  the  acid  ammonium-salt  by  abstraction  of 
one  molecule  of  water.  —  2.  A  neutral  manamide  or  imide,  formed  from  the 
acid  ammonium-salt  by  abstraction  of  two  molecules  of  water.  — 3.  A  neu- 
tral diamide,  derived  from  the  neutral  ammonium-salt  by  abstraction  of  two 
molecules  of  water.     Thus  from  succinic  acid,  {Gfifiiy\0^)^  are  derived : 

C,H.(NH,)0,  -  H,0  =  C,H,NO,  =  (CAO^"(NH,)(OH)  =  (C,H  >,)"  1 JJ 
Acid  ammonium  Succiuamic  H  J 

succinate.  acid. 

C«H,(NH,)0«-2H,0=C«H,N0,=(C,H,0,)"(NH)"         =  (C,H,0,)"  1  „ 
Acid  salt.  Succinimide.  U  /  ^ 

C,H,(NII,)A-  2H,0=C«H,N,0,=(Cjr,0,)"(NH,),         =  (C,HA)"  \  v 
Neutral  salt.  Succinamide.  11^  / '  ' 

The  amic  acids  of  this  group  are  produced: 

1.  By  the  action  of  heat  on  the  acid  ammonium-salts  of  the  correspond- 
ing acids. 

2.  By  the  action  of  aqueous  ammonia  on  the  neutral  ethers  of  bibasic 
acids ;  e,  g.  : 

(C-0,)''(0C,H5),  +  NH,  -f  H(OH)  ==  2H(0C,H.)  +  (C,0,V^(NH,)(On) 
Ethyl  oxalate.  Alcohol.  Oxamic  acid. 

8.  By  boiling  imides  with  ammonia,  under  which  circumstances  they 
take  up  a  molecule  of  water  and  are  converted  into  amic  ncids;  thus  suc- 
cinimide, CfH^NOf  with  H^O  forms  succinamic  acid,  C^H^NO,. 

The  typic  o*  extra-radical  hydrogen  in  these  amides  may  also  be  replaced 
by  alcoholic  or  by  acid  radicals,  thereby  producing  alkalamidos,  secondary 
and  tertiary  diamides,  &c.  The  mode  of  producing  such  compounds  may 
be  understood  from  the  following  equations : 

(C,0,)''(0NH,CH3)0H    —    Hj,0      ==       (C-0,)^'NH(CH3) .  (OH) 
Acid  methylammo-  Methyloxamic  acid, 

nium  oxalate. 

{Cflfi^Y'O         +     NH,(C,H,)      =       2H,0  +  N(C,n,)(CJI«0,)" 

Succinic  Aniline.  Phenvlsuccin- 

oxide.  imide. 

(C,0,)"(OC,H,).  +      2NH,(CH,)     =     2H{0C,n,)   +  N,n,(C,0,)"(ClL), 
Ethyl  ozalata.  Methylamine.         Ethyl  alcohol.      Dimethyl-ozamlae. 
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(CO)Cl,  +    2NH,(C.Hj)      =      2HC1        +      N,H,(CO)''(C.H,), 

Carbonyl  Aniline.  Diphenjl-carbonide. 

chloride. 

2N(C,H,0,)'/Ag    +     (C,HA)"C1,  =      2AgCl      +         N,(C,H,0,)'^, 

Argent  usuccin-  Succinyl  ^  Truuccinamide. 

imide.  chloride. 

Amidei  of  Carbamie  Add.  —  Carbonic  add.  (CO)^^(NH,)(OH),  if  not  known 
in  the  free  state,  that  is,  as  a  hydrogen-salt,  but  its  ammonium-salt,  (CO)'^ 
(NH2)(ONH4),  is  produced,  as  already  noticed  (p.  314),  by  the  direct  com- 
l3ination  of  carbon  dioxide  and  ammonia-gas.  This  salt  is  easily  obtained 
pure  and  in  large  quantity  by  passing  the  two  gases,  both  perfectly  dry, 
into  cold  absolute  alcohol,  separating  the  copious  crystalline  precipitate  by 
filtration  from  the  greater  part  of  the  liquid,  and  heating  it  with  absolute 
alcohol  in  a  sealed  tube  to  100°,  or  aboTe*  The  liquid,  on  cooling,  de- 
poi^its  ammonium  carbamate  in  large  crystalline  laminse.  This  salt,  if  per> 
fectly  dried  over  oil  of  vitriol,  and  then  heated  in  a  sealed  tube  to  180^-140^ 
C.  (266°-284°  F.),  splits  up  into  ammonium  carbonate  and  urea,  one  mole- 
cule of  it  giving  up  a  molecule  of  water  to  another: 

2CN,HeO,  =  CNjH^O  -f  CN,H,0, 

Ammonium  Urea.  Ammonium 

carbamate.  carbonate. 

Hence  Kolbe  concludes  that  urea  is  the  amide  of  carbamic  acid,  not  the 
amide  of  carbonic  acid ;  but  it  is  not  easy  to  see  in  what  the  supposed  dif- 
ference consists ;  for  carbonic  acid  being  (CO)''(OHi(OH),  and  carbamic 
acid,  (CO)^^(NH,)(OH),  the  amide  of  the  latter  must  be  identical  with  the 
diamiuc  of  the  former.  It  appears,  also,  from  the  observations  of  Bai^a- 
roff,  that  ordinary  commercial  ammonium  carbonate,  when  treated  in  the 
manner  just  described,  likewise  yields  urea.  On  the  other  hand,  the  ex- 
periments of  Wanklyn  and  Gamgee,  already  quoted  (p.  722),  seem  to  show 
that  urea  is  essentially  different  from  carbamide,  f 

Carbamic  Ethers.  —  Carbamic  acid  forms  acid  and  neutral  ethers,  ac- 
cordingly as  an  atom  of  hydrogen  in  the  group  NU,  or  OH  is  replaced  by 
an  alcohol-radical. 

FAhylcarbamie  acid,  (CO)''' .  NH(C,Hj) .  OH,  is  not  known  in  the  free 
state,'but  its  ethylammoniura-salt,  (CO)'-'.  NH(C,Hg) .  ONHj(C,H,),  is  pro- 
duced, as  a  snow-white  powder,  by  passing  carbon  dioxide  into  anhydrous 
ethylamine  cooled  by  a  freezing  mixture.  Its  aqueous  solution,  like  that 
of  ammonium  carbamate,  docs  not  precipitate  barium  chloride  unless  aided 
by  heat.  The  methylammonium-salt  of  methylcarbamic  acid  is  obtained  in 
a  similar  manner.  Phenyl  carbamic  acid^  (CO)''  .  NH(C(H5)  .  OH,  also  called 
carbanilic  and  anthranilic  acid^  isomeric  with  amidobensoic  acid,  \»  obtained 
by  boiling  indigo  with  potash  and  manganese  dioxide.  It  is  a  crystalline 
body,  soluble  in  water,  and  converted  by  nitrous  acid  into  salicylic 
(phenyl-carbonic)  acid,  with  evolution  of  nitrogen: 

(CO)".  NH(CgH5) .  OH  -f  NO,H  =  (CO)".  OCgHj.  OH  -f  H,0  +  N^ 
Phenyl-carbamic  acid.  Phenyl-carbonic 

acid. 

The  neutral  carbamic  ethers  are  called  uretHanet.  Ethyl  carbamate, 
(CO)".  NH,.  OC,H^,  called  simply  urethane,  is  formed  by  leaving  ethyl  car^ 

•  KfiJbf  and  Bagnrnff,  Chem.  Soc.  Journal  [2],  yl.  194. 

t  BawirolTs  oxp(>rinicnt8  have  not  yet  been  published  in  detail,  and  th<*re  is  no  proof  giTen 
in  the  piiper  alN>%'e  rnferred  to.  that  th«  compound  obtained  by  the  dehydratioii  of  ammoaiom 
carbamate  waa  really  urea  and  not  carliamide. 
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bonate  in  contact  with  aqaeous  ammonia ;  and  by  the  action  of  ammonia 
on  ethyl  chlorocarbonate  (alcohol  saturated  with  carbonyl  chloride) : 

{C0)'''(0C,H5)C1    +     NH,     »     HCl    +     {C0)''(NH,)(0C,H5) 

It  forms  colorless  crystals  easily  soluble  in  water.  Methyl  carbamate,  metky^ 
lie  urethane  or  urethyUme^  and  amyl  carbamate  or  amylic  urethane,  are  obtained 
in  like  manner. 

Carbamic  acid  in  which  the  whole  of  the  oxygen  is  replaced  by  sulphur, 
constitutes  sulpho-earbamie  aetd,  (CS)^^(NH,)(SU).  There  is  also  an  ozy- 
sulpho-earbamic  acid,  (CS)^^(NH2)(0U),  the  ethylic  ether  of  which  is  xan- 
thamide,  (CS)'^(NH,)(0CjH4)  (p.  ti61). 

Cabbimidb,  (C0)''(NH)''^  ^'^  ^  {    H       '  ^^  ^^®  **™®  *"  cyanic  acid ;  and 

many  of  the  reactions  of  cyanic  acid  are  most  naturally  represented  by 
the  formula  just  gi^en,  especially  its  conyersion  into  carbon  dioxide  and 
ammonia  under  the  influence  of  acids  or  alkalies : 

NH(CO)''        +        H,0        =        NH,        +        {C0)'^0, 

and  the  corresponding  formation  of  ethylamine  and  its  homologues  by  dis- 
tilling cyanic  ethers  with  potash. 

Gabbamids,  CNjH^O  or  N,(CO)^^H|. — This  compound  is  produced  by  the 
action  of  ammonia-gas  on  carbonyl  chloride : 

COCl,        +        2NH,        =        2HC1        +        NjCOH^; 

also  by  the  action  of  ammonia  on  ethyl  carbonate,  and  by  the  decomposi- 
tion of  oxamide  at  a  red  heat:  C^OiN.H^  =  CON^H^  -f  CO.  It  bears  a  yery 
close  resemblance  to  urea;  the  only  diflference  indeed  yet  observed  between 
the  two  compounds,  is  in  the  products  which  they  yield  when  oxidized  by 
potassium  permanganate  in  presence  of  free  alkali  (p.  722). 

Amides  of  OxaUc  Acid.  —  Oiamw  ac«f,  C.NHjO,  =  (C30g)^^(NH,)(0H), 
is  produced  by  heating  acid  ammonium  oxalate  to  about  280° ;  also  as  an 
ammonium-salt  by  boiling  oxamide  with  aqueous  ammonia :  Cgll^N^Oj  -\- 
H,0  =  CjH,(NH4)N0j.  Oxamic  acid  is  a  white  crystalline  powder,  spar- 
ingly soluble  in  cold  water,  still  less  soluble  in  alcohol  and  ether.  It  is 
monobasic,  and  forms  numerous  crystalline  metallic  salts. 

Oxamic  ethert  may  be  formed  by  substitution  of  ethyl-radicals  for  hydro- 
gen, either  in  the  group  NH,  or  in  the  group  OH  of  oxamic  acid,  the  re- 
sulting ethers  being  acid  in  the  former  case,  neutral  in  the  latter.  The 
neutral  ethers,  also  called  oxamethaties  (p  660),  are  formed  by  the  action  of 
ammonia,  in  the  gaseous  state  or  in  alcoholic  solution,  on  neutral  oxalic 
ethers;  thus: 

(CA)''(OCA)a    +    NH3  =   HOC  H.    -h    (C,0,)''(NH,)(OC,H.) 
Ethyl  oxalate.  Alcohol.  £thyl  oxamate. 

They  are  crystalline  bodies  soluble  in  alcohol,  decomposed  by  boiling  water, 
yielding  ammonium  oxalate  and  the  corresponding  alcohol. 

The  acid  ethers  of  oxamic  acid,  containing  one  equivalent  of  alcohol- 
radical,  are  produced  by  dehydration  of  the  acid  oxalates  of  the  corre- 
sponding amines ;  thus : 

(CA)'"(ONH,C,H,)(OH)    -    OH,    =     (CA)'^rNH(C,H,)](OH) 
Acid  ethylammonium  Ethyloxamic  acid, 

oxalate. 
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Methylozamio  and  phenylozamic  acids  are  also  known.  These  acid  ethers 
are  meiameric  with  the  neutral  oxamic  ethers  containing  the  same  alcohol' 
radicals. 

The  replacement  of  both  the  hjdrogen-atoms  in  the  group  NH,  in  oxamic 
ncid,  would  also  yield  monobasic  acid  ethers ;  none  of  tbese  are,  however, 
known  in  the  free  state,  but  the  ethylic  ethers  of  dimethyl-  and  diethyl- 
oxamic  acids  have  been  obtained;  e.  g.,  eikylic  dimethyl-^xamate,  (C.O,)^^ 
(CH,),(OC  H,). 

Tue  untde  of  oxalic  acid  is  not  known. 

OxAMiDB,  N,(C,0,)''H4 — This  compound  is  produced  by  the  action  of 
heat  on  neutral  ammonium  oxalate  (p.  659),  but  is  more  adTantageoasly 
prepared  by  the  action  of  ammonia  on  neutral  ethyl  oxalate.  It  is  also 
formed  in  seTeral  reactions  from  cyanogen  and  cyanides:  an  aqueous  solu- 
tion of  hydr  icyanic  acid,  mixed  with  hydrogen  dioxide,  yields  a  crystal- 
line deposit  of  oxamide:  2CNH  -f-  H,0,  =  CJ?,H^O,. 

Oxamide  is  a  white,  light,  tasteless  powder,  insoluble  in  cold  water, 
slightly  soluble  in  boiling  water,  insoluble  in  alcohol.  Heated  in  an  open 
tube,  it  Tohitilizes  and  forms  a  crystalline  sublimate ;  but  its  Tapor,  passed 
through  a  red-hot  tube,  is  completely  resolyed  into  carbon  monoxide,  am- 
monium carbonate,  hydrocyanic  acid,  and  urea  (or  carbamide) : 

2C,N,H^0,    =    CO    +    CO,    +    NH,    -h    CNH    -f     CN,H^O. 

Dilute  mineral  acids  decompose  it,  yielding  an  ammontom-salt  and  free 
oxalic  acid ;  e,  g, : 

C,N,H,0,    -i-    SO4H,    +    2H,0     »     SO,(NHJ,    +    C,HA- 

IHmethyloxamide,  N,(C,02)"H,(CH,),,  is  produced  by  the  dry  distillation 
of  methylammonium  oxalate: 

C,(CH,N),0,        -        2H,0        =        C,N,H,(CH,),Or 

Diethyloxamide,  diamyl  oxamide,  diphenyloxamide,  and  dinaphthyloxamide, 
are  obtained  in  a  similar  manner. 


AMIDES  DERIVKD  FROM  ACIDS  OF  HIGHKR  ATOMICITY. 

Our  knowledge  of  these  amides  is  Fomewhat  limited :  we  shall  notice  only 
those  derived  from  malic  and  from  citric  acid. 

Malic  add,  (C^HjO,) '''''( OH).,  which  is  trUtomic  and  bibasic,  forms  an 
acid  amide  and  a  neutral  amide : 

rOH  fOH  fOH 

(CJl.0,)- 1  OH  (C,H.O.)-^  I  NH.  (C,HA)'- 1  NH. 

Malic  acid.  Malamic  acid.  Malamide. 

Malamide  is  deposited  in  small  crystals,  when  ammonia-gas  is  passed  into 
an  alooholic  solution  of  ethyl  malate: 

C,H,(C,TT,),0,        -f-        2NH,        =        2C,HeO        +        C,H,N,0, 
Ethyl  malate.  Alcohol,  Malamide. 

Malamic  acid,  C^H^NO^,  is  not  known  in  the  free  state ;  but  its  ethylic 
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ether,  or  malamethane^  Ofi%{'^J^^^O^<^  is  produced  as  a  crystalline  mass, 
when  dry  ethyl  malate  is  saturated  with  ammonia-gas: 


C4H4(C,H.),0,    + 


Nil,    = 


C,H,0    +    C,H,(C,H,)NO,. 


MdLamide  is  metameric,  not  identical,  with  atparagin,  a  substance  found  in 
the  root  of  marsh -mallow,  in  asparagus -shoots,  and  in  several  other  plants. 
To  prepare  asparagtn,  marsh-mallow  roots  are  chopped  small,  and  mace- 
rated in  the '•old  with  milk  of  lime;  the  filtered  liquid  is  precipitated  by 
carbonate  of  ammonia;  and  the  clear  solution  evaporated  in  the  water- 
baith  to  a  syrupy  state.  The  impure  asparagin,  which  separates  after  a 
few  days,  is  puriHed  by  re-orystallization.  Asparagin  forms  brilliant, 
transparent,  colorless  crystals,  which  have  a  faint,  cooling  taste,  and  are 
freely  soluble  in  water,  especially  when  hot.  When  dissoWed  in  a  saccha- 
rine liquid,  which  is  afterward  made  to  ferment,  or  when  heated  with 
water  under  pressure  m  a  close  vessel,  or  when  boiled  with  an  acid  or  an 
alkali,  it  is  converted  into  ammonia  and  aspartic  aeidf  an  acid  metameric 
with  malamic  acid. 

Asparagin  diflfors  from  malamide  in  crystalline  forms;  moreover,  it  con- 
tains water  of  crystallization,  the  composition  of  the  crystals  being  C^H, 
N,0,  .H,0.  whereas  those  of  malamide  are  anhydrous.  The  two  sub- 
stances differ  also  in  their  action  on  polarised  light,  malamide  having  a 
specifto  rotatory  power  of  — 47*5°,  whereas  that  of  asparagin  in  an  acid 
solution  is  -{-  35°,  and  in  an  ammoniacal  solution  — 11°  18^  Lastly,  mal- 
amide, when  treated  with  alkalies,  is  easily  resolved  into  ammonia  and 
malic  acid,  whereas  asparagin,  as  already  observed,  yields  ammonia  and 
as  oar  tic  acid. 

The  difference  of  constitution  between  these  metameric  bodies  may  be 
represented  by  the  following  formuls  : 


COOH 

COOH 

CONHj 

CONH, 

CONH, 

CHOH 

CHNH, 

CHOH 

CHNH, 

CHOH 

CH, 

CH, 

CH, 

CH, 

CH, 

COOH 

COOH 

COOH 

COOH 

1 
CONH, 

Malio  acid. 

Aspartic 
acid. 

Malamic 
acid. 

Asparagin. 

Malamia 

e. 


These  formulsd  indicate  that  aspartic  acid  is  bibasic,  malamic  acid  and 
asparagin  monobasic,  and  malamide  neutral.  Now,  malamide  is  certainly 
neutral,  and  asparagin  forms  salts  by  substitution  of  metals  for  one  of  its 
hy.lrogen-atoms.  The  basicity  of  malamic  and  aspartic  acids  is  not  very 
distinctly  made  out.  Aspartic  acid  is  commonly  said  to  be  monobasic, 
forming  neutral  salts,  like  C^H^KNO^.  and  likewise  basic  salts ;  but  the  as- 
patates  have  not  been  very  fully  investigated,  and  it  is  quite  possible  that 
these  so-called  basic  salts  may  really  be  neutral 

There  are  also  phenylated  amides  of  malic  acid,  viz  ,  diphenyl-malamide 
or  malanilide,  C4H.(CqH5),N,0,,  and  phenyl-malimide  or  malantl,  CinHgNO.  es 

)C  H    '  produced  simultaneously  by  fusing  malic  acid  with 
aniline;    and  phenyl-malamie  or  malanilie  acid,  CjoHuNO^  =   (C^H,0,)'^' 


OC,Hj 


NH,    ,  obtained  as  an  ammonium-salt  by  boiling  phenyl-malimide  with 

OH 
aqueous  ammonia. 

Lastly,  the  action  of  heat  on  acid  ammonium-malate  yields  malamyUnitriU^ 
(C4H,0,)^^^N,  which  is  identical  with  the  imide  of  fumaric  acid,  and  when 
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Thbrs  are  still  many  organic  compounds,  especially  those  obtained  from 
atural  sources,  which  cannot,  in  the  present  state  of  our  knowledge,  be 
icluded  with  certainty  in  either  of  the  preceding  groups  or  series.  Some 
f  these  have  been  described  in  connection  with  the  more  definitely  known 
ompounds  to  which  they  are  most  closely  allied  in  their  origin  or  proper- 
res.  It  remains  to  describe  the  Organic  Coloring  principles,  the  Resins 
nd  Balsams,  and  the  Albuminous  and  Gelatinous  principles  of  the  living 
•rganism ;  these  last,  however,  will  be  most  conTeniently  described  under 
he  head  of  "Animal  Chemistry." 


ORGANIC  COLORING  PRINCIPLES. 

The  organic  coloring  principles  are  substances  of  very  considerable  prac* 
tical  importance  in  relation  to  the  arts;  several  of  them,  too,  have  been 
made  the  subjects  of  extensive  and  successful  chemical  investigation.  With 
the  exception  of  one  red  dye,  cochineal,  they  are  all  of  vegetable  origin. 

The  art  of  dyeing  is  founded  upon  au  affinity  or  attraction  existing  be- 
tween the  coloring  matter  of  the  dye  and  the  fibre  of  the  fabric.  In  wool 
and  silk  this  affinity  is  usually  very  considerable,  and  to  such  tissues  a 
permanent  stain  is  very  easily  communicated;  but  with  cotton  and  flax  it 
is  much  weaker.  Recourse  is  then  had  to  a  third  substance,  which  does 
possess  such  affinity  in  a  high  degree,  and  with  this  the  cloth  is  impreg- 
nated. Such  substances  are  termed  mordanU.  Alumina,  ferric  oxide,  and 
stannic  oxide  are  bodies  of  this  class. 

When  an  infusion  of  some  dye-wood,  as  logwood,  for  example,  is  mixed 
with  alum  and  a  little  alkali,  a  precipitate  falls,  consisting  of  alumina  in 
combination  with  coloring  matter,  called  a  lake;  it  is  by  the  formation  of 
this  insoluble  substance  within  the  fibre  that  a  permanent  dyeing  of  the 
cloth  is  effected.  Ferric  oxide  usually  gives  rise  to  dull,  heavy  colors; 
alumina  and  stannic  oxide,  especially  the  latter,  to  brilliant  ones.  It  is 
easy  to  see  that,  by  applying  the  mordant  partially  to  the  cloth,  by  a 
wood-block  or  otherwise,  a  pattern  may  be  produced,  as  the  color  will  be 
removed  from  the  other  portions  by  washing. 

Indigo.  —  Indigo  is  the  most  important  member  of  the  group  of  blue 
coloring  matters.  It  is  the  product  of  several  species  of  the  genus  Indigo- 
fera^  which  grow  principally  in  warm  climates.  When  the  leaves  of  these 
plants  are  placed  in  a  vessel  of  water  and  allowed  to  ferment,  a  yellow  sub- 
stance is  dissolved  out,  which  by  contact  of  air  becomes  deep-blue  and  in- 
soluble, and  finally  precipitates.  This,  washed  and  carefully  dried,  con- 
stitutes the  indigo  of  commerce.  It  is  not  contained  ready  formed  in  the 
plant,  but  is  produced  by  the  oxidation  of  some  substance  there  present. 
Neither  is  the  fermentation  essential,  as  a  mere  infusion  of  the  plant  in 
hot  water  deposits  indigo  by  standing  in  the  air. 

The  occurrence  of  small  quantities  of  indigo  in  urine  had  been  observed 

by  Hassall  and  others:  it  was,  however,  generally  considered  as  a  morbid 

secretion ;  but  lately  Dr.  Schunck  has  proved  that  traces  of  indigo  may  be 

procured  from  healthy  urine.    The  process  by  means  of  which  this  object 
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mny  be  obtained  is  rather  complicated.  For  a  description  of  this  proco«i«. 
an<l  for  a  full  account  of  hia  researches  on  the  formation  of  indigo-blue, 
which  would  overstep  the  limits  of  this  elementary  work,  the  reader  i^  re- 
ferred to  Dr.  Schunck's  original  papers.* 

Indigo  comes  into  the  market  in  the  form  of  cubic  cakes,  which,  when 
rubbed  with  a  hard  body,  exhibits  a  copper-red  appearance:  its  powder 
has  a  deep-blue  tint.  The  best  indigo  is  so  light  as  to  float  upon  water. 
In  addition  to  the  blue  coloring  matter,  or  true  indigo,  it  contains  at  leA*-t 
hnlf  its  weight  of  various  impurities,  among  which  may  be  noticed  a  r«Hl 
resinous  matter,  the  mdigo-redoi  Berzelius  :  these  may  be  extracted  by  boil- 
ing the  powdered  indigo  in  dilute  acid,  in  alkali,  and  afterwards  in  alcohol. 

Pure  indigo  is  quite  insoluble  in  water,  alcohol,  oils,  dilute  acids,  and 
alkalies;  it  dissolves  in  about  15  parts  of  concentrated  sulphuric  acid, 
forming  a  deep-blue  pasty  mass,  entirely  soluble  in  water,  and  often  used 
in  dyeing;  this  is  mlphindylic  or  8ulphindigotic  acid,  a  compound  analogous 
to  ethyl-sulphuric  acid,  capable  of  forming  with  alkaline  bases  blue  salts, 
which,  though  easily  soluble  in  pure  water,  are  insoluble  in  saline  solutions. 
If  an  insufficient  quantity  of  sulphuric  acid  has  been  employed,  or  the 
digestion  not  long  enough  continued,  a  purple  powder  is  left  on  diluting  the 
acid  mass,  soluble  in  a  large  quantity  of  pure  water.  The  Nordfaausen 
acid  answers  far  better  for  dissolving  indigo  than  ordinary  oil  of  vitriol. 
Indigo  may,  by  cautious  management,  be  volatilized:  it  forms  a  fine  pur- 
ple vapor,  which  condenses  in  brilliant  copper-colored  needles.  The  be^t 
method  of  subliming  this  substance  is,  according  to  Mr.  Taylor,  to  mix  it 
with  plaster  of  Paris,  make  the  whole  into  a  paste  with  water,  and  Fprend 
it  upon  an  iron  plate.  1  part  indigo  and  2  parts  plaster  answer  very  welL 
This,  when  quite  dry,  is  heated  by  a  spirit-lamp:  the  volatilization  of  the 
indigo  is  aided  by  the  vapor  of  water  disengaged  from  the  gypsum,  and 
the  surface  of  the  mass  becomes  covered  with  beautiful  crystals  of  pure  in- 
digo, which  may  be  easily  removed  by  a  thin  spatula.  At  a  higher  tem- 
perature, charring  and  decomposition  take  place. 

In  contact  with  deoxidizing  agents,  and  with  an  alkali,  indigo  suffers  a 
very  curious  change :  it  becomes  soluble  and  nearly  colorless,  perhaps  re- 
turning to  the  same  state  in  which  it  existed  in  the  plant.  It  is  on  this 
principle  that  the  dyer  prepares  his  indigo-vat:  6  parts  of  powdered  indigo, 
10  parts  of  green  vitriol,  15  parts  of  slaked  lime,  and  60  parts  of  water, 
are  agitated  together  in  a  close  vessel,  and  then  left  to  stand.  The  ferrous 
hydrate,  in  conjunction  with  the  excess  of  lime,  reduces  the  indigo  to  the 
soluble  state :  a  yellowish  liquid  is  produced,  from  which  acids  prccipit^ite 
the  white  or  deoxidized  indigo  as  a  flocculent  insoluble  substance,  which  ab- 
sorbs oxygen  with  the  greatest  avidity,  and  becomes  blue.  Cloth,  8teepe<l 
in  the  alkaline  liquid,  and  then  exposed  to  the  air,  acquires  a  deep  and 
most  permanent  blue  tint  by  the  deposition  of  solid  insoluble  indigo  in 
the  substance  of  the  fibre.  Instead  of  the  iron  salt  and  lime,  a  mixture  of 
dilute  caustic  soda  and  grape-sugar  dissolved  in  alcohol  may  be  used:  the 
sugar  becomes  oxidized  to  formic  acid,  and  the  indigo  reduced.  On  alien- 
ing a  solution  of  this  description  to  remain  in  contact  with  the  air,  it  ab- 
sorbs oxygen,  and  deposits  the  indigo  in  the  crystalline  state. 

The  following  formuls  represent  the  composition  of  the  bodies  just  de- 
scribed : 

Blue  insoluble  indigo     ....         CgHsNO. 
White,  or  reduced  indigo  f    ,         .         .         Cj^ll^yNjO,. 
Sulphindylic  acid  ....         CgH^NO .  SO^ 

•  Memoirs  of  the  Literary  and  Philosophical  Society  of  Manchester,  vol.  x!L  177 ;  xlr.  181t 
239;  also  Philosophical  Magauine  [3],  x.  73;  xv.  99;  [4],  xv.  29, 117. 

t  Propiriy  hydmgenized  iiidigo,  if  the  above  he  the  corrwrt  view;  white  indjgi)  may, bow- 
•ver,  be  viewed  as  a  hj/dratt,  and  bine  indigo  an  an  oxide  of  one  and  the  same  aubatanc« : 

White  indigo C„H,oNjO.H/). 

Blueindigt Ci«H,oN<0.0. 
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Pboducts  of  thb  Decomposition  or  Indigo. — The  products  of  the  de- 
structiYe  modificatious  of  indigo  by  powerful  chemical  agents  of  an  ozi- 
diztog  nature  are  both  numerous  and  interesting,  inasmuch  as  they  connect 
this  substance  in  a  very  curious  manner  with  several  other  groups  of 
organic  bodies,  especially  with  those  of  the  salicyl  and  phenyl  series. 
ALiiiy  of  them  are  exceedingly  beautiful,  and  possess  yery  remarkable  pro> 
perties. 

IsATiN,  CjHjNOj.  —  To  prepare  this  substiince,  which  contains  the  ele- 
ments  of  indigo  with  I  atom  of  oxygen,  1  part  of  indigo  reduced  to  fine 
powder,  and  rubbed  to  a  paste  with  water,  is  gently  heated  with  a  mixture 
of  1  part  of  sulphuric  acid  and  I  part  of  potassium  bichromate  dissolved 
in  20  or  80  parts  of  water.  The  indigo  ditsolves,  with  very  slight  disen- 
gagement of  carbon  dioxide,  towards  the  end,  forming  a  yellow-brown 
solution,  which,  on  standing,  deposits  impure  isatin  in  crystals.  These  are 
collected,  alightly  washed,  and  redissolved  in  boiling  water:  the  filtered 
solution  on  cooling  deposits  the  isatin  in  a  state  of  purity.  Or,  powdered 
indigo  may  be  mixed  with  water  to  a  thin  paste,  heated  to  the  boiling  point 
in  a  large  capsule,  and  nitric  acid  added  by  small  portions  until  the  blue 
color  disappears :  the  whole  is  then  largely  diluted  with  boiling  water,  and 
filtered.  The  impure  isatin  which  separates  on  cooling  is  washed  with 
water  containing  a  little  ammonia,  and  recrystallized.  Both  these  pro- 
cesses require  careful  management,  or  the  oxidizing  action  proceeds  too 
far,  and  the  product  is  destroyed. 

Isatiu  forms  deep  yellowish-red  prismatic  crystals  of  great  beauty  and 
lustre:  it  is  sparingly  soluble  in  cold  water,  freely  in  boiling  water,  and 
also  in  alcohol.  The  solution  colors  the  skin  yellow,  and  causes  it  to  emit 
a  very  disagreeable  odor.     Isatin  cannot  be  sublimed. 

A  solution  of  potash  dissolves  isatin  with  purple  color  :  from  this  solution 
acids  precipitate  the  isatin  unchanged.  On  boiling,  however,  the  color  is 
destroyed,  and  the  liquid  yields  on  evaporation  crystals  of  the  potassium- 
salt  of  isatic  acid,  Cgli^NOg.  In  the  free  state  this  is  a  white  and  imper- 
fectly crystalline  powder,  soluble  in  water,  and  easily  decomposed  into 
isatin  and  water. 

By  chlorine  isatin  is  converted  into  ehlorisatin,  CgH^ClNO,,  a  body  closely 
resembling  isatin  itself  in  properties.  If  an  alcoholic  solution  and  excess 
of  chlorine  be  employed,  other  products  make  their  appearance,  as  ehloranil, 
C^Cl^O-j,  trichlorophenol,  C^HjClgO,  and  a  resinous  substance.  The  former 
of  these  substances,  the  position  of  which  in  the  quinone  series  has  been 
already  noticed  ^p.  G81),  yields  further  products  with  potash  and  ammonia. 
Bromi^atin  is  easily  formed.  The  change  which  isatin  and  its  chlorinated 
and  brominated  congeners  undergo  when  submitted  to  the  action  of  fusing 
potassium  hydrate  has  been  already  considered  in  the  section  on  the  Or- 
ganic Bases  (p.  740). 

Eiposed  to  the  action  of  hydrogen  and  ammonium  sulphide,  isatin  yields 
several  new  compounds,  as  iaathyde,  mlphuathyde,  &c. 

A  hot  solution  of  isatin,  treated  with  ammonium  sulphide,  gives  rise  to  a 
deposit  of  sulphur,  a  white  crystallized  substance  being  produced  at  the 
same  time :  it  has  received  the  name  of  iaathyde^  and  contains  CgH^NOj. 
It  bears  to  isatin  the  same  relation  as  white  to  blue  indigo.  If  the  am- 
monium sulphide  be  replaced  by  hydrogen  sulphide,  binndphisathyde,  CgH^NOS, 
is  produced,  which  is  derived  from  the  former  by  substitution  of  one  atom 
of  sulphur  for  oxygen.  An  alcoholic  solution  of  potash  converts  this  last 
compound  into  sulphuaihyde,  C^HijNjOjS,  or  a  double  molecule  of  isathyde 
in  which  one  quarter  of  the  oxygen  is  replaced  by  sulphur.  Under  the  in- 
fluence of  cold  aqueous  solution  of  potash,  bisulphisathyde  yields  tWtn, 
CfH^O,  which  is  polymeric  with  white  indigo.     When  treated  with  boiling 
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potash,  indin  fixes  the  elements  of  one  molecule  of  water,  and  becomes  in- 
dinie  acid,  CgHgNO,,  the  potassium-salt  of  which  forms  fine  black  needles. 

Animoniacal  gas  and  solution  of  ammonia  yield  with  isatin  a  series  of 
interesting  substances,  containing  the  nitrogen  of  the  ammonia  in  addition 
to  that  of  the  isatin. 

Action  of  Chlorikk  oh  Indiqo.  — In  the  drj  state  chlorine  has  no  action 
whatever  on  indigo,  even  at  the  temperature  of  100^.  In  contact  with  wa- 
ter, the  blue  color  is  instantly  destroyed,  and  cannot  again  be  restored. 
The  same  thing  happens  with  the  blue  solution  of  sulphindylic  acid.  Wbf-n 
chlorine  is  passed  into  a  mixture  of  powdered  indigo  and  water  until  (be 
color  disappears,  and  the  product  is  then  distilled  into  a  retort,  water  con- 
taining  hydrochloric  acid  and  a  mixture  of  two  volatile  bodies,  trichlomn- 
iline,  CjH^CljN,  and  trichlorophenol,  CgHjCljO,  pass  over  into  the  receirier, 
while  the  rebidue  in  the  retort  is  found  to  contain  chlorisatin,  already  meu- 
tioned,  and  hichloriaatin,  CgHgCl^NO,,  much  resembling  the  former,  but  more 
freely  soluble  in  alcohol.  Both  these  bodies  yield  acids  in  contact  vitii 
^  boiling  solution  of  pota^^h,  by  Assimilating  the  elements  of  water. 
The  action  of  bromine  on  indigo  is  very  similar. 

Anili.c  and  Picric  Acids.  —  Anilic  or  indigotic  acid  is  prepared  by  a<ld- 
ing  powdered  indigo  to  a  boiling  mixture  of  I  part  of  nitric  acid  and  10 
parts  of  water,  until  the  disengagement  of  gas  ceases,  filtering  the  hot  dark- 
colored  liquid,  and  allowing  it  to  stand.  The  impure  anilic  acid  so  obtained 
is  converted  into  the  lead-salt,  which  is  purified  by  crystallization  and  the 
use  of  animal  charcoal,  and  then  decomposed  by  sulphuric  acid.  Anil.'c 
acid  forms  fine  white  or  yellowish  needles,  which  have  a  feebly  acid  ta«te, 
and  a  very  sparing  degree  of  solubility  in  cold  water.  In  hot  water  and  in 
alcohol  it  dissolves  easily.  It  melts  when  heated,  and  on  cooling  aspunifs 
a  crystalline  structure.  By  careful  management  it  may  be  sublimed  un- 
changed. Anilic  acid  contains  C^HgNO^  =  C7H0(NO2)O3.  The  same  acid  is 
readily  prepared  from  salicylic  acid  (p.  655).  Hence  it  is  more  appro- 
priately called  niirosulicylic  acid. 

Picric^  carbazotiCy  or  nitrophenuie  acid,  C^^^(^02)fif  already  des?cribod 
among  the  derivatives  of  phenol  (p.  552),  is  also  one  of  the  ultimate  products 
of  the  action  of  nitric  acid  upon  indigo. 

Products  of  thb  Action  of  Potassium  Htdratb  upon  Indigo. — One 
of  the  most  remarkable  of  these,  aniline,  has  been  already  described  i  y. 
739).  When  powdered  indigo  is  boiled  with  a  very  concentrated  solution 
of  caustic  potash,  it  is  gradually  dissolved,  with  the  exception  of  S'me 
brownish  flocculent  matter,  and  the  liquid  on  cooling  deposits  yellow  crys- 
tals of  the  potassium-salt  of  chrysanilic  add,  which  can  be  procured  in  a  purer 
state  by  dissolving  the  crystals  in  water,  filtering  from  reproduced  indieo. 
and  ndding  a  slight  excess  of  mineral  acid.  Chrysanilio  acid  can  be  ob- 
tained in  indistinct  crystals  from  weak  alcohol;  it  is  supposed  to  contain 
('..glL^N^Og;  but  it  is  very  probably  a  mixture  of  several  substances,  espe- 
cially isatic  acid. 

When  this  substance  is  boiled  with  mineral  acids,  it  is  decomposed  into 
anthraniliCy  or  phenyl'Carhamie  acid,  C^H^NO,  (p.  770),  which  remains  in 
solution,  and  a  blue  insoluble  matter  resembling  indigo:  a  similar  effect  iii 
slowly  produced  by  the  action  of  the  air  upon  an  alcoholic  solution  of  chrjs- 
anilic  ncid.  Anthranilic  acid  is  colorless,  sparingly  soluble  in  cold  w:urr. 
easily  soluble  in  alcohol.  It  melts  when  heated,  sublimes  under  favorsMc 
circumstances,  but  decomposes  entirely  when  heated  in  a  narrow  tube  in;o 
carbon  dioxide  and  aniline.  By  treatment  with  nitrous  acid,  it  is  converud 
into  8alic>'lio  acid. 

According  to  Cahours,  pure  indigo  can  also  be  converted  into  salicvlic 
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Leoanoric  or  Alpha-orsellic  Acid  is  obtained  from  the  South  Ameri- 
can variety  of  Roccella  tincloria.  Tlie  preparation  and  the  properties  of 
this  substance  are  perfectly  analogous  to  those  of  erythric  acid.  U  con- 
tains Cjgili^Of,  and  likewise  yields  orsellinic  acid  by  boiling  with  baryta- 
water: 

C,.H„0,        +        H,0        =        2C,H,0« 

Lecauoric  acid.  OrBellmic  acid. 

If  the  ebullition  be  too  'long  continued,  a  great  portion  of  the  orselli&io 
acid  is  converted  into  orcin. 

Orsellinic  Acid,  whether  prepared  from  erythric  or  lecanoric  acid, 
forms  crystals  which  are  lur  more  soluble  in  water  than  either  of  the  acids 
from  which  it  has  been  prepared.  Its  taste  is  somewhat  bitter.  BoiWd 
with  water  il  yields  orcin ;  under  the  influence  of  air  and  ammonia,  it  as- 
Bumen  a  beautiful  purple  color. 

If  the  lichens,  instead  of  being  treated  with  milk  of  lime,  are  exhausted 
with  boiling  alcohol,  the  erythric  and  lecanoric  acids  are  likewise  decom- 
posed; but  instead  of  orsellinic  acid,  the  ether  of  this  substance.  C\Hf 
(C^HgjO^,  is  tbrmed.  This  eth<r  was  formerly  described  under  the  n^me 
pseudo'erythrin,  until  Dr.  Schunck  pointed  out  its  true  nature.  Ethyl  orsel- 
linate  may  be  likewise  produced  by  boiling  pure  orsellinic  acid  with  ilco- 
hol.  It  crystallizes  in  colorless  lustrous  plates,  which  are  readily  soluble 
in  boiling  water,  alcohul,  and  ether. 

Bkta-orsellic  Acid  is  fonnd  in  Roceella  tinetoria  grown  at  the  Cape:  it 
is  obtained  like  erythric  and  alpha-orsellic  acid,  which  it  resembles  in  pro- 
perties. Beta-orsellic  acid  contHins  Cj^HjjjO.j:  by  boiling  with  water  it 
likewise  yields  orsellinic  acid,  together  with  hair  like  crystals  of  a  siWery 
lustre,  of  a  substance  called  roecdlinm,  which  has  the  composition  Cj^IljiO^ 

C«H„0«        =        2C3H,0,        -f        C,,H„0, 
Beta-orsellic  acid.      Orsellinic  acid.  Roccelhnin. 

The  decomposition  of  beta-orsellic  acid  is  obviously  analogous  to  that  of 
erythric  acid,  the  roccellinin  representing  the  picro-erythrin. 

Evkrnic  Acid  is  extracted  by  milk  of  lime  from  Evtmia  prvnasfri,  which 
was  formerly  believed  to  contain  lecanoric  acid.  Evernicacid  is  very  diffi- 
cultly soluble  even  in  boiling  water:  it  assumes  a  yellow  color  with  chloride 
of  lime.  When  boiled  with  an  alkali,  it  yields  another  crystalline  acid, 
evernmie  acid,  differing  from  the  preceding  by  its  free  solubility  in  bo  ling 
water.  The  composition  of  evernic  acid  is  represented  by  the  formula 
C„n,gO-,  that  of  everninic  acid  by  C«n,^04.  Evernic  acid,  when  boiled  for 
a  convsiderable  time  with  baryta,  yields  orcin  :  everninic  acid  does  not  gi>e 
a  trace  of  this  substance.  It  is  therefore  probable  that  evernic  acid,  undvr 
the  influence  of  alkalies,  yields,  in  addition  to  everninic  acid,  l^kewi^e 
orsellinic  acid,  from  which  the  orcin  is  derived,  and  that  this  decomposi- 
tion is  represented  by  the  equation: 

C„H,,0,     -f     H,0    =    C^H.O,      +      C,H«,0« 
Evernic  acid.  Orsellinic  acid.     Everninic  acid. 

Parbllic  Acid.  —  Lecanora  pareJla  contains  an  acid  probably  analogous 
to  erythric,  alpha-orsellic,  beta-orsellic,  and  evernic  acids,  the  composition 
of  which  is,  however,  still  unknown.  By  boiling  with  baryta  it  yields  or^l- 
linic  acid  and  parellic  acid,  CgHgO^. 

Orcin,  C^H-Oj.  is  the  general  product  of  decomposition  of  the  acids  pre- 
viously described,  under  the  influence  of  heat  or  alkaline  earths.  It  it*  a 
diatomic  phenol,  and  has  already  been  described  under  that  head  (p.  562). 
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In  contact  with  ammonia  and  oxygen  it  is  conyerted  into  a  deep-red  color- 
ing matter  called  orcein,  CfHyNO,. 

Other  substances  are  occasionallj  present  in  lichens:  thus,  the  Usnea 
harbata  and  several  other  lichens  contain  M«nic  aciV/,  a  substance  crystalliiing 
from  alcohol  in  fine  yellowish-white  needles  with  metallic  lustre,  having 
the  formula  C|,H,30|.  It  gives  no  orcin  by  distillation,  but  a  substance 
similar  to  it,  which  probably  contains  CgHj^O,,  and  has  been  designated  by 
the  name  of  hela-orcin.  The  FarmeUa  parietina  furnishes  another  new  sub- 
stance,  ehrytophanie  acid,  crystallizing  in  fine  golden-yellow  scales,  and  con* 
taining  CiglTgO,.  It  is  a  very  stable  substance,  and  may  be  sublimed 
without  much  decomposition.  The  same  body  is  present  in  rhubarb,  to- 
gether with  emodirif  a  principle  closely  resembling  chrysophanio  acid. 

CoebiBeal.  — This  is  a  little  insect,  the  Coccus  cacti,  which  lives  on  several 
species  of  cacttu,  foand  in  warm  climates,,  and  cultivated  for  the  purpose, 
as  in  Central  America.  The  dried  body  of  the  insect  yields  to  water  and 
alcohol  a  magnificent  red  coloring  matter,  precipitable  by  alumina  and 
oxide  of  tin :  carmine  is  a  preparation  of  this  kind.  In  cochineal  the  color- 
ing matter  is  associated  with  several  inorganic  salts,  especially  phosphates 
and  nitrogenous  substances.  Mr.  Warren  De  La  Rue,  who  has  published 
a  very  elaborate  investigation  of  cochineal,^  has  separated  the  pure  color- 
ing matter,  which  he  calls  carminie  acid,  by  the  following  process:  The 
aqueous  decoction  of  the  insect  is  precipitated  by  lead  acetate,  and  the  im- 
pure lead  carminate  washed  and  decomposed  by  hydrogen  sulphide:  the 
coloring  matter  thus  separated  is  submitted  again  to  the  same  treatment. 
A  solution  of  carminie  acid  is  thus  obtained,  which  is  evaporated  to  dry- 
ness, redissolved  in  absolute  alcohol,  and  digested  with  crude  lead  car- 
bonate, whereby  a  small  quantity  of  phosphoric  acid  is  separated,  and, 
lastly,  mixed  with  ether,  which  separates  a  trace  of  a  nitrogenous  substance. 
The  residue  now  obtained  on  evaporation  is  pure  carminie  acid.  It  is  a 
purple-brown  mass,  yielding  a  fine  red  powder,  soluble  in  water  and  alco- 
hol in  all  proportions,  slightly  soluble  in  ether.  It  is  soluble  without  de- 
composition in  concent  rated  sulphuric  acid,  hut  readily  attacked  by  chlorine, 
bromine,  and  iodine,  which  change  its  color  to  yellow.  It  resists  a  tem- 
perature of  130®  C.  (277°  F.),  but  is  charred  when  heated  more  strongly. 
Carminie  acid  is  a  feeble  acid.  The  composition  of  the  substance,  dried 
at  120<»  C.  (248°  F.),  is  represented  by  C^H.^Og,  which  formuU  is  corrobo- 
rated by  the  analysis  of  a  copper  compound,  2Cj4H,^Og .  CuO. 

By  the  action  of  nitric  acid  upon  carminie  acid,  there  is  formed,  together 
with  oxalic  acid,  a  splendid  nitrogenetted  acid,  crystallizing  in  yellow 
rhombic  plates.  This  substance,  to  which  the  name  nitroeoccuaic  acid  was 
given,  is  bibasic:  it  contains  CgHjNgO,.  It  is  soluble  in  cold,  more  so  in 
boiling  water,  and  readily  soluble  in  alcohol  and  ether.  Nitrococcusio 
acid  is  evidently  derived  from  a  non-nitrogenous  compound  in  which  part 
of  the  hydrogen  is  replaced  by  NO,.  Like  all  substances  of  this  class,  it 
exploJcs  when  heated. 

in  the  mother-liquor,  from  which  the  carminie  acid  has  been  separated, 
De  La  Rue  discovered  a  white,  crystalline,  nitrogenous  substance,  for  which 
he  established  the  formula  CgHnNO,.  This  substance  is  identical  with 
tyrosine,  which  will  be  mentioned  in  the  section  on  Animal  Chemistry. 

Hadder.  — The  root  of  the  Rubia  tinctorum,  cultivated  in  southern  France, 
the  Levant,  &c.,  is  the  most  permanent  and  valuable  of  the  red  dye-stuffs. 
In  addition  to  several  yellow  coloring  matters,  which  are  of  little  impor- 
tance for  the  purposes  of  the  dyer,  madder  contains  two  red  pigments, 
which  are  called  alizarin  and  purpurin.     These  substances  have  been  the 

*  Hemoin  of  the  Chemicjil  Society,  vol.  til.  p..4M. 


788  ORGANIC   COLOBING   PBINCIPLES. 

subject  of  very  extensiTe  researches  by  Debus,  Higgins,  and  especially 
Schunck.  The  latest  papers  on  madder  have  been  published  by  Wolff  and 
Strecker,  whose  foriuulee  are  quoted  in  the  following  abstract: 

Alizakin. — The  aqueous  decoction  of  madder  is  precipitated  by  sul- 
phuric acid,  and  the  precipitate  washed  and  boiled  with  aluminium  chlo- 
ride, which  dissolves  the  red  pigments,  an  insoluble  brownish  residue  re- 
maining behind.  The  solution,  when  mixed  with  hydrochloric  acid,  yields 
a  precipitate  consisting  chiefly  of  alizarin  —  still,  however,  contaminated 
with  purpurin.  The  impure  alizarin  thus  obtained  may  be  further  purified 
by  again  throwing  down  the  alcoholic  solution  with  aluminium  hydrate,  an<l 
boiling  the  precipitate  with  a  concentrated  solution  of  soda,  which  leavps 
a  pure  compound  of  alumina  and  alizarin  behind.  From  this  the  alizarin 
is  separated  by  hydrochloric  acid  and  recrystallized  from  alcohol.  Pure 
alizarin  crystallizes  in  splendid  red  prisms,  which  may  be  sublimed.  It  is 
but  slightly  soluble  in  water  and  in  alcohol,  but  dissolves  in  concentrated 
sulphuric  acid  with  a  deep  red  color.  On  addition  of  wnter,  the  coloring  mat- 
ter is  reprecipitated  unchanged,  it  is  also  soluble  in  alkaline  liquids,  to  which 
it  imparts  a  magnificent  purple  color.  It  is  insoluble  in  cold  solution  of 
alum.  Alizarin  is  the  chief  coloring  matter  of  madder:  it  contains  C^^ 
O, .  2Hfi^*  and  is  a  feeble  acid :  a  few  definite  compounds  with  mineral 
oxides  have  been  prepared,  among  which  a  lime  compound,  4C^Ufi^. 
SCall^O,.  may  be  mentioned.  The  action  of  nitric  acid  upon  alizarin  gives 
rise  to  the  formation  of  oxalic  acid  and  phthalic  acid  (p.  666) : 

CjpHeOs    -f     H,0     -f     O,     =     C,H,0,      -f      C.H.O, 
Alizarin.  Phthalic  acid. 

PuRPURiK.  — Madder  is  allowed  to  ferment  and  then  boiled  with  a  strong 
solution  of  alum.  The  solution,  when  mixed  with  sulphuric  acid,  yields  a 
red  precipitate,  which  is  purified  by  re-crystallization  from  alcohol.  Pur- 
purin thus  obtained  crystallizes  in  red  needles,  which  contain  C^H^O,.  H,0, 
t  e  f  one  atom  of  carbon  less  than  alizarin.  When  treated  with  nitric  aci'J, 
purpurin,  like  alizarin,  furnishes  oxalic  and  phthalic  acids.  Purpurio 
likewise  contributes  to  the  tinctorial  properties  of  madder,  but  less  so  than 
alizarin.  Together  with  alizarin  and  purpurin,  several  other  substances 
occur  in  madder,  among  which  may  be  noticed  an  orange  pigment,  ruUaein, 
convertible  by  oxidizing  agents  into  a  peculiar  acid,  rubiaeic  acid,  a  yellow 
pigment,  xanthitiy  a  bitter  principle,  rabian^  sugar,  pectio  acid,  and  several 
resins,  &c. 

Garancin  is  a  coloring  material,  which  is  produced  by  the  action  of  sul- 
phuric acid  upon  madder.  This  substance  possesses  a  higher  tinctorial 
power  than  madder  itself. 

The  beautiful  Turkey-red  of  cotton  cloth  is  a  madder  color;  it  is  given 
by  a  very  complicated  process,  the  theory  of  which  is  not  yet  perfectly 
elucidated. 

Bafflower.  —  This  .«ubstance  contains  a  yellow  and  a  red  coloring  matter, 
the  latter  being  insoluble  in  water,  but  soluble  in  alkaline  liquids.  The 
safflower  may  be  exhausted  with  water  acidulated  with  acetic  acid,  and  the 
solution  mixed  with  lead  acetate,  and  filtered  from  the  dark-colored  impure 
precipitate.  The  lead  compound  of  the  yellow  pigment  may  then  be  thrown 
down  by  addition  of  ammonia  and  decomposed  by  sulphuric  acid.  In  its 
purest  form  the  yellow  matter  constitutes  a  deep  yellow,  uncrystallizable, 
and  very  soluble  substance,  very  prone  to  oxidation.  In  its  lead-compound 
it  has  probably  the  composition  Cj^H^Oij. 

The  red  matter,  or  eartkamin,  is  obtained  from  the  residual  safflower  by 
a  dilute  solution  of  sodium  carbonate;  pieces  of  cotton-wool  are  immersed 

•  According  to  Schanck,  the  formula  of  HUiHrin  is  Ci^UKPf. 
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in  the  liquid,  and  acetic  acid  gradually  added.  The  dried  cotton  is  then 
digested  in  a  fresh  quantity  of  the  alkaline  solution,  and  the  liquid  supersatu- 
rated with  citric  acid,  which  throws  down  the  carthamin  in  carmine- red  flocks. 
It  forms,  when  pure  and  drj,  an  amorphous,  brilliant,  green  powder,  nearly 
insoluble  in  water,  but  soluble  in  alcohol  with  splendid  purple  color.  It 
contains  Ci^Hi^O^. 

Brazil-wood  and  Logwood  giro  red  and  purple  infusions,  which  are  largely 
nsed  in  dyeing :  the  coloring  principle  of  logwood  is  termed  hematoxylin, 
and  has  been  obtained  in  crystals.  This  substance  contains  Ci^Hj^O^.  Acids 
brighten  these  colors,  and  alkalies  render  them  purple  or  blue. 

Among  yellow  dyes,  quercitron  bark^  fiutic-woodj  and  saffron  may  be  men- 
tioned, and  also  turmeric:  these  all  give  yellow  infusions  to  water,  and  fur- 
nish more  or  less  permanent  colors. 

Parroe  or  Indian  jellow,  a  body  of  unknown  origin,  used  in  water-color 
painting,  is,  according  to  the  researches  of  Stenhou!«e  and  Erdmann,  a 
compound  of  magnesia  with  a  substance  termed  purreic  or  euxanthic  acid. 
The  latter,  when  pure,  crystallizes  in  nearly  colorless  needles,  sparingly 
soluble  in  cold  water,  and  of  sweetish-bitter  taste.  It  forms  yellow  com- 
pounds with  the  alkalies  and  earths,  and  is  decomposed  by  heat,  with  pro- 
duction of  a  neutral  crystalline  sublimate,  purrenone  or  euxanthone.  Purreic 
acid  contains  C^HigO^,  purrenone  CgoHi^O^.  By  the  action  of  chlorine, 
bromine,  and  nitric  acid,  a  series  of  substitution-products  are  formed. 

Frangnlin,  CgH^O,,  from  Rhamnut  frangula,  has  been  already  mentioned 
as  a  triatomic  phenol  (p.  571). 

Korindin,  C^fH^Oi^,  is  a  yellow  crystalline  coloring  matter,  occurring  in 
the  root  of  Morinda  eitrifolia^  called  Sorar\J€e  in  the  East  Indies.  When 
heated  it  is  converted  into  a  beautiful  crystalline  body,  morindonCf  contain- 
ing C„H„Oa. 

Aloef. — Certain  of  the  products  of  the  action  of  nitric  acid  upon  aloetf 
rery  much  resemble  some  of  the  derivatives  of  indigo,  without,  however, 
it  seems,  being  identical  with  them.  Powdered  aloes,  heated  for  a  consid- 
erable time  with  excess  of  moderately  strong  nitric  acid,  yields  a  deep-red 
solution,  which,  on  cooling,  deposits  a  yellow  crystalline  mass.  This,  puri- 
fied by  suitable  means,  constitutes  ehrysammie  acid:  it  crystallizes  in  golden- 
yellow  scales,  which  have  a  bitter  taste,  and  are  but  sparingly  soluble  in 
water.  Its  potassium-salt  has  a  carmine-red  tint,  and  exhibits  a  green  me- 
tallic lustre,  like  that  of'murexide.  The  formula  of  chrysammio  acid  is 
not  perfectly  established.  It  is  probably  C,H,N,OjOr  C7H,(NO,)jO,.  Like 
picric  acid,  it  yields,  with  chloride  of  lime,  chloropierin.  The  mother- 
liquor,  from  which  the  chrysammic  acid  has  been  deposited,  contains  a 
second  acid,  the  chryeolepicy  which  also  forms  golden-yellow,  sparingly  sol- 
uble, scaly  crystals.  The  potassium -!>alt  forms  small,  yellow  prisms,  of 
little  solubility.  It  explodes  by  heat.  Chrysolepio  acid  contains  QJAJAfi^ : 
it  is  said  to  be  identical  with  picric  acid. 

To  these  may  be  added  the  styphnie,  or  oxypicric  acid,  described  by  Bott- 
gcr  and  Will,  produced  by  the  notion  of  nitric  acid  of  sp.  gr.  1*2  upon  aeea- 
foetida  and  several  other  gum-resins  and  extracts.  Brazil-wood  and  purree, 
when  treated  with  excess  of  nitric  acid,  likewise  yield  styphnic  acid.  It 
crystallizes,  when  pure,  in  slender,  yellowish-white  prisms,  sparingly  sol- 
uble in  water,  readily  dissolved  in  alcohol  and  ether.  It  has  a  purely 
astringent  taste,  atid  stains  the  skin  yellow.  By  a  gentle  heat  it  melts, 
and  on  cooling  becomes  cry.«talline ;  suddenly  and  strongly  heated  it  burns 
like  gun-powder.  It  al.so  yields  chloropierin.  The  salts  of  this  substance 
mostly  crystallize  in  orange-yellow  needles,  and  explode  with  great  violence 
by  heat.  Styphnic  acid  contains  CeHgNjOg,  t.  e.,  picric  acid  -f-  1  atom  of 
oxygen. 


790  BESINS  AND   BALSAMS. 


BESINS  AND  BALSAMS. 

Common  resin,  or  colophony,  furnishes  perhaps  the  best  example  of  the 
class.  It  is  the  resinous  substance  which  remains  when  turpentine  or  pine 
resin  is  heated  till  the  water  and  volatile  oil  are  expelled,  and  is  a  mixture 
of  two  distinct  bodies  having  acid  properties :  viz.,  abietie  add,  C^flmfi^, 
which  is  crystallisable,  and  pinic  acid,  Q^R^i)^  which  is  amorphous.  These 
acids  may  be  separated  from  each  other  by  their  difference  of  solubility  in 
cold  and  somewhat  dilute  alcohol,  the  latter  being  by  far  the  more  soluble 
of  the  two.  Pure  abietie  acid  crystallizes  in  small,  colorless,  rhombic 
prisms,  insoluble  in  water,  soluble  in  hot  strong  alcohol,  in  Tolatile  oils, 
and  in  ether.  It  melts  when  heated,  but  cannot  be  distilled  without  de- 
composition. An  alcoholic  solution  of  abietie  acid,  precipitated  by  sul- 
phuric acid,  yields  another  crystalline  acid  called  sylvic  add,  isomeric  with 
pinic  acid.  A  fourth  resin-acid«  called  pimarie  add,  also  isomeric  with  pinic 
acid,  has  been  found  in  the  turpentine  of  the  PinuM  mariiima  of  Bordeaux. 

Lac  is  a  very  valuable  resin,  much  harder  than  colophony,  and  easily 
soluble  in  alcohol:  three  varieties  are  known  in  commerce  —  viz.,  stick-lac, 
Meed  lac,  and  theUac.  It  is  used  in  varnishes,  and  in  the  manufacture  of 
hats,  and  very  largely  in  the  preparation  of  sealing-wax,  of  which  it  forms 
the  chief  ingredient.  Crude  lac  contains  a  red  dye  called  lac-dyc,  which  is 
partly  soluble  in  water.  Lac  dissolves  in  considerable  quantity  in  a  hot 
solution  of  borax ;  Indian  ink,  rubbed  up  with  this  liquid,  forms  a  most 
excellent  label-ink  for  the  laboratory,  as  it  is  unaffected  by  acid  vapors,  and, 
when  once  dry,  becomes  nearly  insoluble  in  water. 

Maitic,  dammar-resin,  and  sandarac  are  resins  largely  used  by  the  varnish- 
maker.  Dragon  9  blood  is  a  resin  of  deep-red  color.  Copal  is  also  a  very 
valuable  substance :  it  differs  from  the  other  resins  in  being  but  slowly  dis- 
solved by  alcohol  and  essential  oils.  It  is  miscible,  however,  in  the  melted 
state  with  oils,  and  is  thus  made  into  varnish.  ./im6^  appears  to  be  a  fossil 
resin ;  it  is  found  accompanying  brown-coal  or  lignite.  Caoutchouc  and 
guttapercha  have  been  already  described  as  terpenes  (p.  492). 

Most  of  the  resins,  when  exposed  to  destructive  distillation,  yield  oily 
pyro-products,  usually  of  hydrocarbons,  which  have  been  studied  with 
partial  success.  Great  difficulties  occur  in  these  investigations:  the  task 
of  separating  from  each  other,  and  isolating  bodies  which  scarcely  differ 
but  ill  their  boiling  points,  is  exceedingly  troublesome. 

Baltanut  are  natural  mixtures  of  resins  with  volatile  oils.  They  differ 
very  greatly  in  consistence,  some  being  quite  fluid,  others  solid  and  brittle. 
By  keeping,  the  softer  kinds  often  become  hard.  Balsams  may  be  con- 
veniently divided  into  two  classes  —  viz.,  those  which,  like  common  and 
Venice  turpentine,  Canada  balsam.  Copaiba  balsam,  &c.,  are  nearly  natural 
varnishes,  or  solutions  of  resins  in  volatile  oils,  and  those  which  contain 
benzoic  or  cinnamic  acid  in  addition,  as  Peru  and  Tolu  balsams,  and  the 
jsolid  resinous  benzoin,  commonly  called  gum-bemoin, 

Tolu-balsam,  by  distillation  with  water,  yields  three  products  —  namely, 
benzoic  acid,  cinnamein,  or  styracin,  CijH4402  (p.  641),  and  tolene,  a  vola- 
tile, colorless  hydrocarbon,  boiling  at  170*»  C.  (338°  F.),  and  containing 
C,2H,g,  or,  according  to  some  authorities,  CjqH,,.  The  balsam  freed  in  this 
manner  from  essential  oils,  and  exposed  to  destructive  distillation,  yields 
in  succession  a  viscous  liquid,  which  crystallizes  in  the  receiver,  and  a  thin 
liquid  heavier  than  water :  carbon  dioxide  and  carbon  monoxide  are  largely 
evolved,  and  the  retort  is  afterwards  found  to  contain  a  residue  of  charcoal. 
The  solid  product  is  chiefly  a  mixture  of  benzoic  and  cinnamic  acids:  the 
volatile  oil  contains  at  least  two  substances  differing  in  their  boiling  points, 
and  are  easily  separated  —  namely,   toluene  (p.  495),  and  an   oily   liquid 
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beayier  than  water,  of  high  boiling  point,  and  baying  the  composition  and 
cbaracters  of  benzoic  ether. 

Liquid  ttorax^  distilled  with  water  holding  in  solution  a  little  sodium  car- 
bonate, yields  a  small  and  variable  quantity  of  volatile  oil,  not  homogeneous, 
but  from  which,  by  careful  distillation,  pure  cinnamene  or  styrolene,  CgHg 
(p.  601),  may  be  extracted. 

Storax,  from  which  the  styrol  has  been  separated  by  distillation,  when 
treated  with  sodium  carbonate,  yields  a  considerable  quantity  of  sodium 
cinnamate.  The  residue  consists  of  resinous  bodies,  associated  with  styra- 
cin  or  oinnyl  cinnamate  (p.  641). 


PART  IV. 

ANIMAL  CHEMISTRY. 


INTBODUCnON, 

ANIMAL  CHEMISTRT,  for  the  purpose  of  clearaess,  may  be  divided 
into  the  chemistry  of  separate  substances  entering  into  the  composi* 
tion  of  the  fluids  and  solids  of  animals,  the  chemistry  of  the  complex  ani- 
mal fluids  and  textures,  and  the  chemistry  of  the  procesaea  which  take 
place  in  the  animal  body. 

This  classification  has  a  great  many  adTantages,  and  in  the  following 
brief  abstract  the  subject  will  be  considered  under  these  dilTerent  heads. 

Many  animal  substances  have  been  already  fully  mentioned  in  the  inor- 
ganic part  of  this  work :  for  example,  water,  carbonic  acid,  and  calcium 
phosphate;  the  other  animal  substances,  as  urea,  formic,  and  faippuric 
acid,  haTC  been  placed  in  the  organic  part,  because,  from  their  composi> 
tion,  relations,  and  properties,  they  could  not  be  separated  from  many 
bodies  which  are  not  connected  with  animal  chemistry.  As  the  chemical 
knowledge  of  other  animal  substances  is  perfected,  these  also  will  be  placed 
under  the  head  of  organic  chemistry  ;  and  thus  animal  chemistry  will  ulti- 
mately embrace  the  knowledge  of  the  composition  and  properties  of  the 
complex  fluids  and  textures  of  the  body,  and  of  the  chemical  actions  re- 
sulting from  the  air  and  food  which  are  requisite  for  the  support  of  ani- 
mal life. 

Although  animal  chemistry  has  hitherto  occupied  the  attention  of  nearly 
every  great  chemist,  yet  comparatively  much  remains  to  be  done  and  to  be 
undone.  For  example,  the  very  different  substances  which  are  included 
under  the  term  protein-principles,  that  is,  of  which  protein  is  the  first  pro- 
duct of  decomposition  and  ammonia  carbonate  the  last,  can  scarcely  yet  be 
arranged  according  to  their 'percentage-composition,  much  less  be  repre- 
sented truly  by  any  formulaa.  The  chemical  composition  of  the  different 
organs  and  textures  of  the  body,  of  the  brain  or  blood,  for  instance,  or 
even  of  the  bones,  is  differently  given,  according  as  this  or  that  method  of 
analysis  is  followed.  The  same  may  be  said  of  the  secretions  and  excre- 
tions ;  and  these  vary  so  much  at  different  times,  in  different  persons,  and 
in  different  classes  of  animals,  that  no  single  standard  of  comparison  can 
be  adopted ;  but  the  highest  and  lowest  limits  of  composition  for  healih 
and  disease  must  be  regarded,  and  not  the  mean  of  a  number  of  analyses. 

A  still  more  difficult  problem  is  presented  to  the  chemist  in  the  investi- 
gation of  the  processes  which  take  place  in  the  bodies  of  animals  and  vege- 
tables. The  solution  of  the  food  by  the  action  of  alkalies,  acids,  and  fer- 
ments; the  nutrition  of  the  organs  by  the  blood;  the  production  of  animal 
heat  by  the  action  of  inspired  oxygen;  and  the  removal  from  the  body 
of  the  substances  that  have  been  used  or  are  useless  or  injurious; — tbese 
are  questions  which  in  future  years  will  form  the  chief  subjects  of  investi- 
gation in  animal  chemistry,  whilst  in  vegetable  chemistry  the  influence  of 
Hunlight  in  promoting  the  formation  of  the  innumerable  compounds  of  car- 
bon will  have  to  be  determined. 
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ALBUMINOUS  PRINCIPLES. 

Althovoh,  in  the  present  state  of  our  knowledge,  no  chemical  dis- 
tinction exists  between  vegetable  and  animal  substances,  and  although 
many  mineral  substances  always  exist  in  the  fluids  and  solids  of  ani- 
mals and  vegetables,  yet  there  is  a  class  of  substances  which  formerly 
were  considered  as  exclusively  animal,  and  of  these  we  still  know  so  little 
that  it  is  most  convenient  still  to  keep  them  distinct  from  other  organic 
substances.  They  form  the  chief  part  of  the  solid  constituents  of  the 
blood,  muscles,  nerves,  glands,  and  other  organs  of  animals,  and  they  occur 
in  small  quantities  in  almost  every  part  of  vegetables.  Their  atomic 
weight  and  constitution  are  still  unknown,  and  only  slight  differences  exist 
in  the  percentage  composition  ;  thus : 
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They  are  amorphous,  more  or  less  soluble  in  water,  soluble  in  excess  of 
acetic  acid,  more  soluble  in  alkalies,  almost  insoluble  in  alcohol,  and  quite 
so  in  ether.  Strong  mineral  acids  dissolve  all  albuminous  substances.  The 
hydrochloric  acid  solution  is  first  blue,  then  violet,  then  brown.  The  nitric 
acid  solution  is  yellow,  and  gives  rise  to  xanthoproteic  acid^  which  dissolves 
in  alkalies  and  ammonia  with  orange-red  color.  Caustic  ulkalius  deconi- 
pose  albuminous  substances  according  to  the  temperature,  giving  rise  to 
leucine,  tyrosine,  oxalic  acid,  carbonic  acid,  and  ammonia. 

Albuminous  substances  are  precipitated  from  solutions:  1.  By  excess  of 
mineral  acids.  2.  By  potassium  fcrrocyanide  with  acetic  acid  or  a  little 
hydrochloric  acid.  3.  By  acetic  acid,  with  a  considerable  quantity  of*con- 
centrated  solutions  of  neutral  salts  of  alknlies  and  alkaline  earths,  gum 
arable,  or  dextrin  When  examined  for  circular  polarization,  they  rotato 
the  light  more  or  less  to  the  left. 

Sbrum  Albumin  ii^  the  n)ost  abundant  albuminous  substance  in  animal 
bodies.  It  can  be  obtained  tolerably  pure  from  blood-serum  by  precipita- 
tion with  lead  acetate,  washing  with  water,  suspending  the  precipitated 
lead  compound  in  water,  and  decomposing  it  with  carbonic  acid ;  then,  by 
filtration,  a  very  cloudy  solution  of  albumin  is  obtained.  It  forms  a  yel- 
low, elastic,  tratisparent  sub^tunce,  which  when  perfectly  dry  can  be  heated 
to  100**  without  change.  It  is  soluble  in  water  and  precipitable  by  alcohol; 
long  continued  action  of  alcohol  changes  it  into  coagulated  albumin.  Se- 
rum albumin  is  not  precipitated  by  carbonic,  acetic,  tartaric,  or  phos- 
phoric acid ;  when  mixed  with  a  very  small  quantity  of  other  very  weak 
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mineral  acids,  it  is  not  precipitated;  by  large  quantities  of  acid  it  is  im* 
mediately  precipitated;  nitric  acid  acts  uio»t  strongly  The  precipii2.te 
with  strong  hydrochloric  acid  disHolves  in  an  excels  of  acid :  and  on  ced- 
ing water  to  this  solution,  a  precij^ilnte  forms,  which,  afrer  filtration  ni  d 
squeezing,  dissolves  in  water  and  has  all  the  renciions  of  hj-drochloride  of 
syntonin ;  caustic  potash  and  soda-soluiion  change  the  serum  albumin  in:o 
compounds  of  albumin  with  the  alkali. 

When  heated  to  72°  or  73°  C  (163°  F.),  blood-serum  coagulates  into  a 
compact  mass.  The  fluid  begins  to  be  clcuidy  at  60°  C.  (140°  F.).  Coagu- 
lation occurs  at  a  lower  temperature  when  very  dilute  phosphoric  «r 
acetic  acid  is  added,  or  neutral  sails  in  small  quantity,  and  at  a  hight*r 
temperature  with  a  very  little  sodium  carbonate. 

•Serum  albumin  is  precipitated  from  its  solutions  by  most  of  the  salts  of 
the  heavy  metals.     When  agitated  with  ether  it  does  not  coagulate. 

Egg  Albumin  differs  from  serum  albumin  by  gradually  giving  a  precipi- 
tate  when  agitated  wi(h  ether;  oil  of  turpeniine  also  coagulates  this  kind 
of  albumin.  Serum  albumin  dissolves  easily  in  strong  nitric  acid.  wbiUt 
egg  albumin  scarcely  dissolves  at  all.  When  a  solution  of  egg  albumin  is 
injected  into  the  veins  or  under  the  skin  of  dogs  or  rabbits,  the  egg  albu- 
min passes  unchanged  into  the  urine,  whilst  serum  albumin,  injected  in  the 
same  way,  docs  not  pass  into  the  urine  at  all. 

When  white  of  egg  is  thinly  spread  upon  a  plate  and  exposed  to  evapo> 
ration  in  a  warm  place,  it  dries  up  to  a  pale-yellow,  brilliant,  gum-like 
substance  destitute  of  all  traces  of  crystalline  structure.  In  this  state  it 
may  be  presi^rved  unchanged  for  any  length  of  time,  the  presence  of  water 
being  in  all  cases  necessary  to  putrefactive  decomposition.  The  watery 
solutions  of  egg  albumin  and  serum  albumin  coagulate  at  the  same  tempera- 
ture under  similar  circumstances.  The  existence  of  unoxidized  sulphur  in 
albumin  is  easily  shown ;  a  boiled  egg  blackens  a  silver  spoon,  from  a  trace 
of  alkaline  sulphide  formed  or  separated  during  the  coagulation;  and  a 
solution  of  albumin  in  excess  of  caustic  potash  mixed  with  a  little  acetate 
of  lead,  gives,  on  boiling,  a  black  precipitate  containing  sulphide  of  lead. 

Casein;  and  Albtminate  or  Protein.  —  Albuminous  substances,  when 
treated  with  solution  of  potash,  undergo  more  or  less  change  according  to 
the  strength  of  the  potash  jind  the  teiiipernture  at  which  the  action  takes 
place.  Sometimes  bodies  can  be  produced  which  agree  well  together,  and 
cannot  be  distinguished  from  the  casein  of  milk,  although  most  probably 
casein  is  not  identical  with  artificial  albuminate,  nnd  the  bodies  which  are 
produced  by  the  action  of  potash  on  different  albuminous  substances  may 
differ  slightly  one  from  the  other,  as  is  evident  in  the  difference  of  their 
rotatory  action  on  polarized  light. 

Casein  occurs  most  plentifully  in  the  milk  of  animal  feeders.  In  the 
fluids  of  the  textures  it  has  certainly  not  been  found.  In  the  blood  it  is 
entirely  absent,  and  it  is  rarely  present  in  the  fluid  of  cysts. 

It  is  best  obtained  from  milk  by  precipitating  it  with  crystalline  magne- 
sium sulphate,  filtering  and  washing  with  a  concentrated  solution  of  Ep^om 
salt,  then  dissolving  the  precipitnte  in  water;  the  butter  is  filtered  off,  and 
the  clear  solution  precipitated  b}'  dilute  acetic  acid. 

For  preparing  protein  or  potassium  albuminate,  any  albuminous  sul>- 
stance  may  be  used.  Lieberkiihn  directs  egg  albumin  to  be  stirred  with 
an  equal  volume  of  water  and  filtered;  the  filtrate  to  be  reduced  to  one- 
half  in  shallow  vessels  at  -10°  C.  (104°  F),  and.  after  cooling,  to  be  mixed 
witii  concentrated  potash  drop  by  drop  until  the  whole  substance  sets  to  a 
strong  transparent  jelly.  This  is  cut  into  pieces  of  the  size  of  a  bean,  nud 
thrown  into  much  distilled  water;  after  being  stirred,  the  water  is  |our<d 
off  from  the  albuminate.     The  washing  is  repeated  as  long  as  any  alkaline 
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reaction  remains.  The  purified  albuminate  is  then  dissolTed  in  boiling 
water  or  spirits  of  wine,  in  which  it  ought  to  give  a  clear  solution. 

An  albuminate  is  more  simply  obtained  by  shaking  milk  with  caustic 
soda  and  ether,  pouring  off  the  clear  alkaline  lower  layer  of  fluid,  precipi- 
tating it  with  acetic  acid,  and  washing  it  with  water. 

The  dried  casein  and  albuminate  are  yellow,  transparent,  and  hygro- 
scopic, swelling  up  in  water,  but  not  dissolving.  When  precipitated  in  a 
flocky  state,  they  dissolve  easily  in  water  if  it  contains  a  little  alkali.  The 
precipitate  which  forms  on  neutralizing  the  alkaline  solation,  dissolves 
easily  in  an  excess  of  acetic  acid  or  dilute  hydrochloric  acid.  On  the  ad- 
dition of  an  excess  of  mineral  acid,  or  by  neutralizing  with  an  alkali,  these 
solutions  give  a  precipitate. 

The  neutral  or  feebly  alkaline  albuminate  and  casein  in  alkaline  solution, 
are  precipitated  in  the  cold  by  alcohol :  when  hot  they  are  dissolved.  Al- 
buminates are  precipitated  by  copper  sulphate,  silver  nitrate,  and  barium 
chloride.  Lieberkilhn  gives  as  their  formula  Cf^HmR^NigO^jS,  R  denoting 
an  atom  of  univalent  metal.  According  to  him,  potassium  albuminate  has 
the  same  composition.  Meissner  says  that  by  boiling  casein  continuously, 
lactic  acid  and  creatin  are  formed. 

By  fusion  with  potassium  hydrate,  casein  yields  valeric  and  butyric  acids, 
besides  other  products. 

The  most  striking  property  of  casein  is  its  coagulability  by  certain  animal 
membranes.  This  is  well  seen,  in  the  process  of  cheesemaking,  in  prepar- 
ing the  curd,  A  piece  of  the  stomach  of  the  calf,  with  its  mucous  membrane, 
is  slightly  washed,  put  into  a  large  quantity  of  milk,  and  the  whole  slowly 
heated  to  about  63°  C.  (124°  F.).  In  a  short  time  after  this  temperature 
has  been  attained,  the  milk  is  observed  to  separate  into  a  solid,  white  co- 
agulum,  or  mass  of  curd,  and  a  yellowish,  translucent  liquid  called  tokey. 
The  curd  contains  all  the  casein  of  the  milk,  much  of  the  fat,  and  much  of 
the  inorganic  matter:  the  whey  retains  the  milk-sugar  and  the  soluble 
salts.  It  is  just  possible  that  this  mysterious  change  may  be  really  due  to 
the  formation  of  a  little  lactic  acid  from  the  milk-sugar,  under  the  joint 
influence  of  a  slowly  decomposing  membrane  and  the  elevated  temperature, 
and  that  this  acid  may  be  sufficient  in  quantity  to  withdraw  the  alkali 
which  holds  the  casein  in  solution,  and  thus  occasion  its  precipitation  in 
the  insoluble  state.  The  loss  of  weight  the  membrane  itself  suffers  in  this 
operation  is  very  small :  it  has  been  found  not  to  exceed  j^q^  part. 

Paralbumin  has  as  yet  been  found  only  in  ovarian  cysts,  and  it  rarely 
occurs  alone.  It  is  precipitated  by  alcohol,  but  still  contains  some  alkali. 
It  is  coagulated  by  boiling,  but  cannot  be  filtered.  When  it  is  dissolved  in 
much  water,  and  carbonic  acid  gas  is  passed  through  it,  a  plentiful  flocky 
precipitate  falls;  acetic  acid  carefully  added  acts  still  better.  The  pre- 
cipitate is  easily  soluble  in  an  excess  of  acetic  acid,  or  in  a  very  weak  solu- 
tion of  alkali.  By  the  addition  of  magnesium  sulphate  it  is  not  precipitated 
from  a  feeble  alkaline  solution.  It  gives  a  precipitate  with  acetic  acid  and 
potassium  ferrocyanide,  lead  acetate,  alum,  and  copper  sulphate.  The 
composition  of  this  albuminous  substance  is  stated  by  Haerlin  to  be  61*8 
carbon,  6*9  hydrogen,  12  8  nitrogen,  26  8  oxygen,  and  1*7  sulphur. 

Syntonin  or  Parapeptonb.  —  As  by  the  action  of  alkalies  on  albuminous 
matters  the  albuonnateH  are  produced,  so  by  treating  these  with  strong 
hydrochloric  acid,  syntonin  is  formed  among  other  products  of  decomposi- 
tion. Probably  the  shorter  the  time  the  acid  is  in  action,  the  more  synto- 
nin is  formed.  It  is  also  formed  from  other  albuminous  substances,  most 
easily  from  myosin,  as  in  the  first  action  of  the  gastric  juice  in  the  stomach. 
For  preparing  syntonin,  fresh-cut  meat  is  treated  with  cold  water,  and  the 
residue  is  mixed  with  water  containing  y^^  hydrochloric  acid ;  a  thick- 
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ish  solution  is  thus  obtained  which  can  be  filtered.  The  clear  liquid  is  care- 
fully neutralized  with  sodium  carbonate,  which  giTes  a  gelatinous  preci}*i- 
tate  of  syntonin ;  this  is  purified  by  washing  with  water,  alcohol,  and  ether. 
It  contains  much  unaltered  myosin.  From  fibrin,  serum  albumin,  or  any 
other  albuminous  matter,  except  uncoagulated  egg  albumin,  syntonin  may 
be  obtained  by  dissolving  them  in  fuming  hydrochloric  acid,  filtering,  and 
precipitating  the  filtrate  with  twice  its  Tolume  of  water  ;  the  precipitate  is 
filtered  off,  dissoWed  in  water,  and  precipitated  by  careful  neutralization 
with  sodium  carbonate. 

The  composition  of  syntonin  is  54-1  carbon,  7'8  hydrogen,  16*1  nitrogen. 
21*5  oxygen,  and  1*1  sulphur.  It  is  insoluble  in  solution  of  sodium  chlo- 
ride, whatever  its  concentration;  easily  soluble  in  dilute  hydrochloric  acid, 
and  in  feebly  alkaline  liquids.  The  solution  in  lime-water  la  partinlly 
coagulated  by  boiling.  When  the  solution  is  boiled,  sodium  chloride,  mng- 
nesium  sulphate,  or  calcium  chloride,  gives  a  precipitate  as  with  many 
other  albuminous  substances.  Syntonin,  like  casein,  when  dissolved  in 
very  dilute  hydrochloric  acid,  gives  a  precipitate  with  neutral  potassiam- 
salts  at  ordinary  temperatures.  By  the  action  of  strong  hydrochloric  acid 
on  uncoagulated  albumin,  an  albuminous  substance  is  first  obtained,  which 
is  scarcely  soluble  in  water,  and  is  also  very  slightly  soluble  in  dilute  hydro- 
chloric acid. 

Mtosin  was  first  separated  by  Kiihne  from  other  albuminous  matters  oc- 
curring in  the  protoplasma  or  contractile  muscular  substance  thai  causes 
the  rigor  mortU.  To  prepare  it  well,  cut-up  flesh  is  carefully  washed  %vith 
water,  and  the  mass  is  then  placed  in  a  mixture  of  one  volume  of  concen- 
trated solution  of  common  salt  to  two  volumes  of  water;  these  are  contin- 
ually rubbed  together  and  filtered  through  linen;  the  slimy  filtrate  is 
allowed  to  drop  into  much  distilled  water.  The  myosin  is  re-dlssolved  in 
solution  of  sodium  chloride,  and  re-precipitated  by  much  water.  It  is  in- 
soluble in  water,  soluble  in  solution  of  common  salt  under  10°,  soluble  in 
very  dilute  hydrochloric  acid,  but  in  this  solution  it  passes  by  degrees  into 
syntonin ;  in  dilute  alkali,  myosin,  like  other  albuminous  matter,  is  soluble, 
being  changed  into  albuminate.  By  heat  it  is  changed  into  coagulated  al- 
bumin. It  is  also  coagulated  by  alcohol.  The  substances  which  occur  in 
yolk  of  egg,  the  crystalline  lens,  and  the  fluid  from  some  cysts,  soluble  in 
concentrated  solutions  of  common  salt,  but  not  soluble  in  water,  have  been 
considered  by  Denis  as  identical  with  myosin,  called  by  him  globulin. 

FiBRINO-PLASTIC  SUBSTANCE  and  FIBRINOGEN,  Or  PARAGLOBULIN,  or  PAR- 

AGLOBIN. — Alexander  Schmidt  has  found  that  fibrin  is  formed  by  the  con- 
tact of  two  albuminous  matters.  One  he  calls  fibrinoplastic  and  the  other 
fibrinogenous  substance.  The  first  is  especially  plentiful  in  the  red  blood- 
globules,  in  the  serum  of  the  blood,  the  cellular  tissue,  and  the  cornea. 
The  second  is  found  in  exudations,  specially  in  the  pericardium  and  fluid 
of  hydrocele,  in  lymph  and  chyle.  In  their  reactions  they  nearly  resemble 
myosin,  being  soluble  in  a  solution  of  common  salt,  and  precipitable  by  an 
excess  of  it.  They  dissolve  in  very  dilute  hydrochloric  acid,  and,  by  keep- 
ing, change  into  a  syntonin-like  substance;  soluble  also  in  very  feeble 
alkaline  solutions,  from  which  the  fibrinoplastic  substance  is  more  easilj 
precipitated  than  the  fibrinogenic  by  carbonic  acid.  When  these  two  sub- 
stances come  into  contact  in  any  fluid,  they  combine,  quickly  or  slowly, 
according  to  the  greater  or  less  quantity  of  each  substance  in  the  fluid,  to 
form  Fibrin.  The  fluid  "coagulates  either  to  a  mass  of  jelly,  or,  when  very 
little  is  present,  the  fibrin  forms  in  separate  flocks  The  coagwlation  takea 
place  more  quickly  at  a  high  temperature,  more  slowly  at  a  low  tempera- 
ture. The  temperature  of  the  blood  appears  peculiarly  adapted  for  quick 
coagulation  ;  whereas  at  0°  C.  it  is  as  slow  as  possible.  In  the  living  vessels 
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the  blood  coagulates  slowly ;  by  contact  with  foreign  bodies  coagulation  oo« 
cars  quickly.  Carbonic  acid  protracts  or  prevents  coagulation  ;  passing  air 
through  the  liquid,  or  any  otber  agitation,  hastens  it.  Free  acids,  for  ex- 
ample, acetic,  lactic,  phosphoric,  and  also  free  alkalies  and  their  carbon- 
ates, stop  coagulation.  When  brought  into  a  solution  of  sodium  nitrate  or 
chloride,  fibrin  swells  to  a  slimy  jelly-like  mass,  and  partially  dissolves: 
sodium  sulphate  also  hinders  the  cuaguiatiun  of  fibrin.  Thus  fibrin  may 
be  prepared  by  allowing  the  blood  to  flow  from  a  vein  into  a  vessel  con- 
taining much  concentrated  solution  of  s<idium  sulphate  whilst  it  is  briskly 
stirred.  The  whole  is  left  to  stand  until  the  blood-globules  are  completely 
separated.  The  clear  fluid  is  then  thrown  into  ten  times  its  bulk  of  water, 
on  which  the  coagulation  of  the  liquid  takes  place.  When  washed  fibrin 
in  a  neutral  liquid  is  heated  to  72°,  it  becomes  white  and  loses  its  trans- 
parency, like  coagulated  albumin.  If  the  liquid  has  an  acid  reaction,  the 
coagulation  t-akes  place  even  at  a  lower  temperature.  Fibrin  is  usually 
procured  by  washing  the  coagulum  of  blood  in  a  cloth  until  all  the  soluble 
portions  are  removed,  or  by  agitating  fresh  blood  with  a  bundle  of  twigs, 
when  the  fibrin  attaches  itself  to  the  latter,  and  is  easily  removed  and 
cleansed  by  repeated  washing  with  water,  after  which  the  fat  is  extracted 
by  ether.  On  an  average,  fibrin  has  the  composition  62-6  carbon,  7*0  hy- 
drogen, 17*4  nitrogen,  21*8  oxygen,  and  1*2  sulphur. 

Coagulated  Albuminous  Substances.  —  Coagulated  albumin  is  formed 
from  albumin,  syotonin,  fibrin,  myosin,  &c.,  by  heating  their  neutral  solu- 
tions to  boiling,  or  by  the  action  of  alcohol.  £gg  albumin  is  also  changed 
into  coagulated  albumin  by  strong  hydrochloric  acid  and  by  ether.  The 
albuminates,  and  also  casein,  when  precipitated  by  neutralization,  pass 
into  coagulate!  albumin  when  heated.  The  coagulated  albuminous  sub- 
stances are  insoluble  in  water,  alcohol,  and  other  indiff'erent  fluids,  scarcely 
soluble  in  dilute  potash,  soluble  with  great  difficulty  in  ammonia.  In  acetic 
acid  they  swell  up,  and  by  degrees  dissolve.  They  are  mostly  insoluble  in 
dilute  hydrochloric  acid ;  but  when  pepsin  is  also  present  at  blood  heat, 
they  change  first  into  syntonin,  and  then  into  peptone.  They  are  dissolved 
by  strong  hydrochloric  acid,  and  by  caustic  potash  they  are  changed  into 
albuminates. 

Amyloid  Substance. — According  toC.  Schmidt,  Friedreich,  and  Eekul4, 
it  is  composed  of  53*6  carbon,  710  hydrogen,  150  nitrogen,  and  14'4  oxy- 
gen and  sulphur.  It  diifers  only  from  coagulated  albumin  in  being  colored 
reddish  by  iodine,  and  violet  by  sulphuric  acid  and  iodine.  It  gives  no 
trace  of  sugar  when  boiled  with  dilute  sulphuric  acid,  but  with  caustic 
potash  and  acid  it  behaves  exactly  like  an  albuminous  substance.  Concen- 
trated hydrochloric  acid  dissolves  it,  and  the  solution  diluted  with  water 
gives  a  precipitate  which  has  all  the  properties  of  syiitonin  hydrochlorate. 
By  solution  in  caustic  potash,  a  potassium  albuminate  is  obtained.  It  may 
be  formed  at  will  by  treating  fibrin  with  very  dilute  hydrochloric  acid,  and 
evaporating  the  solution  to  dryness  in  a  water-bath.  An  impure  amyloid 
substance  may  be  obtained  from  any  gland  much  infiltrated  with  the  sub- 
stance, as,  for  example,  the  liver,  by  dividing  it  and  removing  the  vessels, 
and  extracting  the  bile  substances  with  cold  water.  It  is  then  boiled  for 
some  time  with  water  to  remove  the  cellular  tissue,  and  the  residue  is 
treated  with  boiling  alcohol  and  ether  to  dissolve  the  fat  and  cholesterin. 
The  residual  mass  consists  chiefly  of  amyloi'd  substance  characterized  by 
the  iodine  reaction. 

Peptone. — By  the  action  of  the  acid  gastric  juice,  all  albuminous  sub- 
stances are  changed  into  bodies  called  peptones.     These  are  found  only  in 
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the  stomach  and  contents  of  the  small  intestines.  Thej  can  no  longer  be 
detected  in  the  chyle.  They  are  easily  soluble  in  water,  insoluble  in  alco- 
hol or  ether ;  but  alcohol  separates  them  with  difficulty  from  the  waterj 
solution ;  when  precipitated  they  remain  unchanged  even  aAer  boiliog. 
They  are  not  precipitated  either  by  acids  or  by  alkalies.  Acetic  acid  aod 
potassium  ferrocyanide  giTo  no  precipitate;  but  corrosive  sublimate  and 
lead  acetate  with  ammonia  give  precipitates.  The  substance  designated  by 
Meissner  as  metapeptone  does  not  certainly  belong  to  the  peptones,  although 
of  these  there  are  many  different  kinds,  whose  properties  are  not  yet  suffi- 
ciently made  out  to  enable  them  to  be  accurately  distinguished. 

Metalbumin  was  found  by  Scherer  in  a  slimy,  ropy,  dropsical  liquid  ob> 
tained  by  tapping.  In  the  dilute  liquid  neither  acetic  nor  hydrochloric 
acid  caused  a  precipitate.  It  became  cloudy  w^hen  boiled,  and  after  this 
acetic  acid  caused  no  precipitate.  Acetic  acid  and  potassium  ferrocyanide 
also  caused  no  precipitate.  Alcohol  caused  a  precipitate,  which  redissolved 
in  water. 

HEMOGLOBIN,  54-2  carbon,  7-2  hydrogen,  0*42  iron,  16  0  nitrogen,  21-5 
oxygen,  and  0*7  sulphur ;  also  called  Ilmmatofflobulin  and  Htemaiociysialim. 
This  substance  forms  the  chief  part  of  the  red  globules  of  the  blood  of 
vertcbrata ;  usually  it  is  obtained  in  an  amorphous  condition,  but  from  the 
blood  of  some  animals  —  as,  for  example,  dogs,  cats,  rats,  mice,  and  many 
fish  —  it  can  be  separated  in  the  crystalline  form.  Red  crystals  can  be  ob- 
tained from  dog*8  blood  by  mixing  the  detibrinated  blood  with  an  eqnal 
quantity  of  water  and  adding  one  volume  of  alcohol  to  four  volumes  of  the 
diluted  blood  and  leaving  it  to  stand  at  0®  C.,  or  lower.  After  twenty-fonr 
hours  the  crystals  are  filtered  off,  squeezed,  and  dissolved  in  the  least  pos- 
sible quantity  of  water  at  26°  to  30°  C.  (77®-«6®  F.).  This  solution  is 
again  mixed  with  one-fourth  its  volume  of  alcohol,  and  the  re-crystalliza- 
tion is  repeated  many  times.  In  different  animals  differently  formed  crys- 
tals are  found.  In  the  guinea-pig  they  are  tetrahedrons;  in  the  squirrel, 
six-sided  tnbles;  in  the  gopse,  rhombic  four-sided  or  six-sided  tables;  in 
dogs  and  cats,  long  four-sided  prisms.  In  a  vacuum  over  sulphuric  acid 
they  lose  water  of  crystallization  and  change  into  a  bright  brick-red  maFS. 
The  crystals  which  form  when  the  air  has  access  to  them  also  contain  oxy- 
gen loosely  combined;  the  more  moist  they  are  the  more  oxygen  they  con- 
tain. This  they  lose  when  warmed  in  a  vacuum :  by  expo>ure  over  sulphu- 
ric acid  a  portion  of  the  oxygen  escapes.  The  crj'stals  dissolve  in  water 
with  difficulty :  the  saturated  solution  at  6°  C,  (41®  F.),  contains  2  per 
cent,  haemoglobin,  but  by  increase  of  temperature  the  solubility  is  con- 
siderably increased.  In  feebly  alkaline  liquids,  as  in  blood-serum,  the 
crystals  are  much  more  soluble. 

These  solutions  have  a  very  beautiful  blood-red  color  and  ab^^orb  the 
light  from  the  commencement  of  the  red  to  three-fourths  of  the  section  of 
the  spectrum  between  the  lines  C  and  D  in  the  solar  spectrum  The  part 
of  the  spectrum  lying  about  the  line  D  of  this  space  between  C  and  D  is 
much  more  strongly  absorbed  than  the  rest  If  the  oxygen  is  expelled 
from  the  solution  by  carbonic  acid  or  hydrogen,  the  liquid  then  absorbs 
the  light  most  beyond  D;  the  rest  of  the  light  is  more  strongly  absorbed 
than  it  is  by  the  hasmoglobin  solution  which  contains  oxygen ;  and  eren 
the  light  between  A  and  B  is  more  strongly  absorbed  by  solutions  which 
contain  no  oxygen  than  by  those  which  contain  it.  The  change  of  color 
and  transparency  of  the  blood  and  blood-solutions  when  they  pass  from 
the  venouB  condition  into  one  containing  more  oxygen,  and  Hee  vrrad,  de- 
pend, without  doubr,  on  these  optical  properties.  The  fresh  blood  taken 
from  a  vein  of  an  animal  shows  clearly  strong  absorption  of  light  from  B 


H-fiMATIN.  799 

to  beyond  C  in  the  spectrum,  and  this  disappears  when  the  blood  is  agi- 
tated with  air. 

When  a  concentrated  solution  of  hasmoglobin  is  diluted  with  water,  it 
rapidly  increases  in  transparency  up  to  the  line  D ;  by  further  dilution  the 
spectrum  extends  beyond  F,  whilst  at  the  same  time  between  D  and  £  a 
green-yellow  streak  appears.  The  band  lying  nearest  to  D  is  darker  and 
more  sharply  bounded  thnn  the  other,  and  ultimately  disappears  by  con- 
tinued dilution  a  little  later  than  the  other  band:  the  appearance  of  these 
bands  is  influenced  by  the  combination  of  oxygen  with  the  haemoglobin. 
For  if  a  tolerably  dilute  blood  solution  is  allowed  to  stand  some  time,  or 
if  such  a  solution  is  warmed  in  a  water-bath  above  60°  C.  (122°  F.),  or  if 
to  a  blood  solution,  or  a  pure  solution  of  haemoglobin,  a  few  drops  of  am- 
monium sulphide,  or  of  an  ammoniacal  solution  of  zinc  tartrate,  be  added, 
the  arterial  color  of  the  solution  gradually  vanishes,  and  by  examination 
in  the  spectrum,  in  the  place  between  these  two  bauds,  there  is  seen  a 
broader  ill-defined  absorption-band,  about  in  the  middle  between  Dand  E; 
at  the  same  time  the  blue  shows  that  it  is  less  absorbed  than  by  blood  con- 
taining oxygen.  The  venous  Mood  of  animals  does  not  show  this  property 
clearly  when  it  is  taken  from  the  animal;  but  animals  that  have  died  as- 
phyxiated do  show  this  change  in  the  blood.  If  a  solution  of  haemoglobin, 
or  of  blood,  from  which  the  oxygen  has  been  taken  away,  is  shaken  with 
atmospheric  air,  the  two  absorption-bands  of  the  haemoglobin  containing 
oxygen  again  appear,  and  the  oxygen  must  be  chemically  combined  with 
the  hfemoglobin,  for  it  is  not  removed  by  nitric  oxide  gas. 

Dilute  solutions  of  haemoglobin  may  be  heated  to  70°  or  80°  C.  (168°- 
176°  F.)  for  a  short  time  without  marked  change,  but  when  the  heat  is  con- 
tinued, the  haemoglobin  splits  into  haematin  and  coagiilated  albumin,  with 
marked  change  of  color  and  coagulation.  Alcohol  causes  the  same  decom- 
position. Generally  no  substance  is  known  which  can  precipitate  haemo- 
globin without  at  the  same  time  destroying  it;  alkalies,  and  more  readily 
ncids,  cause  it  to  split  without  first  precipitating  it;  this  occurs  the  more 
readily  the  more  concentrated  the  alkali  or  acid  is,  or  the  greater  the  quan- 
tity of  it  used,  and  the  more  concentrated  the  solution  of  haemoglobin,  or 
the  higher  the  temperature.  Haemoglobin,  in  a  dilute  solution  at  ordinary 
temperature,  is  not  decomposed  by  carbonated  alkalies.  A  feebly  alkaline 
solution  is  more  permanent  than  a  neutral  solution ;  the  feeblest  acids,  even 
carbonic  acid,  decompose  haemoglobin ;  hydrogen  sulphide  does  not  act  on 
haemoglobin  when  it  contains  no  oxygen,  but  on  oxyhaemoglobin  it  acts, 
causing  the  separation  of  sulphur  and  of  an  albuminous  substance.  Car- 
bon monoxide  passed  into  a  solution  of  oxyhaemoglobin  drives  the  oxygen 
out  and  forms  a  compound  of  carbon  monoxide  and  haemoglobin.  It  also 
combines  with  haemoglobin  free  from  oxygen. 

Metahamoglohinj  so  named  by  Hoppe,  may  be  a  mixture  of  haematin  and  nn 
easily  soluble  albuminous  matter.  It  has  been  found  in  old  extravassalnons 
of  blood,  in  the  brown  fluid  from  the  ovaries,  in  strumous  cysts,  hydrocele, 
&c.,  or  when  a  solution  of  haemoglobin  is  long  kept.  Even  when  a  solution 
of  haemoglobin  is  filtered,  that  which  is  sucked  up  by  the  edge  of  the  filter 
passes  into  metahaemoglobin.  Ozone  has  the  same  action.  A  solution  of 
metahaemoglobin  has  a  manifestly  ocid  reaction  arising  from  volatile  acids 
(butyric  and  formic),  produced  by  changes  in  the  haemoglobin.  The  optical 
properties  of  nietahsemoglobin  are  similar  to  those  of  solutions  of  haematin 
in  acids,  alcohol,  and  ether. 

Hjematin,  C^^f]m^i3Fe,0„,  occurs  in  the  body  as  a  product  of  the  decom- 
position of  haemoglobin  in  old  extravasations;  after  haemorrhage  into  the 
stomach  it  may  be  found  in  the  faeces.  It  is  obtained  pure  by  dissolving 
the  compound  with  hydrochloric  acid  in  ammonia,  evaporating  to  dryness, 
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and  heating  the  residue  to  130°  C.  (266°  F.).  The  ammonium  chloride  is 
extracted  with  water,  and  the  residue  dried  at  1«^0°.  It  givea  12*8  per  cent. 
of  iron  oxide  as  a  residue  when  burnt,  and  is  insoluble  in  water,  alcohol, 
etlier,  and  chloroform.  In  ammoniacal  solutions  it  is  soluble.  It  combines 
with  alkalies  and  acids:  by  boiling  with  dilute  nitric  acid  it  loses  its  color, 
and  is  decomposed.  Chlorine  passed  into  an  alkaline  solution  decomposes 
it  very  rapidly. 

J/sematin  combined  irith  Hydrochloric  A cid^  ^jsHjQjNj^FrjOjjj.  2HC1,  is  ob 
tained  in  regular  crystals  by  treating  haemoglobin  or  met  a  hemoglobin  vitli 
common  salt  and  strong  acetic  acid.  The  defibrinated  blood  of  f^ome  animal 
is  diluted  with  once  or  twice  its  volume  of  water,  and  lead  acetate  is  added 
as  long  as  a  precipitate  falls.  The  blood  is  then  filtered,  and  the  excess  of 
lead  removed  from  the  filtrate  by  sodium  carbonate,  ngain  filtered,  and  the 
clear  solution  is  evaporated  over  sulphuric  acid  The  residue  i»  powdered 
and  rubbed  with  from  15  to  20  times  its  weight  of  commercial  glacial  acetic 
acid,  to  which  a  little  common  salt  is  added.  The  brown  mixture  is  heated 
in  a  water  bath,  and  frequently  shaken  for  an  hour  or  two  until  all  is  dis- 
solved. About  five  times  the  volume  of  pure  water  is  then  added,  and  it  is 
left  to  stand  for  a  week  in  an  even  temperature.  The  liquid  is  then  poured 
off  from  the  crystals;  these  are  again  boiled  with  glscial  acetic  acid;  a 
great  mass  of  water  is  then  added,  nnd  the  precipitate  is  allowed  to  settle, 
separated,  well  washed,  again  allowed  to  deposit,  and  then  dried  in  a  water- 
bath.  The  crystals  are  mostly  thin  rhombic  plates  of  dark-blue  color,  and 
dirty-brown  by  transmitted  light.  From  the  name  of  their  discf^verer  they 
are  called  TeichmantCs  Hsemin  crpslaU,  They  are  perfectly  insoluble  in  water, 
alcohol,  and  ether.  They  are  soluble  in  acids  and  alkalies,  but  only  in  acetic 
and  hydrochloric  acids  without  decomposition.  They  may  be  heated  to 
IH0°  C  (260°  F.),  without  decomposition:  at  red  heat  they  do  not  swell  up, 
but  burn,  leaving  pure  oxide  of  iron. 

MrciN,  containing  r)2-2  carbon,  7*0  hydrogen,  12  6  nitrogen,  and  28-2 
oxygen,  usually  called  mucus,  may  be  prepared  from  filtered  ox-gall  by 
precipitating  it  with  alcohol,  washing  with  dilute  alcohol,  dissolving  in  wa- 
ter, and  precipitating  by  acetic  acid.  It  cannot  be  perfectly  purified  from 
biliary  coloring  matter.  It  may  be  obtained  more  pure  from  the  salivary 
glands  by  solution  in  water  and  precipitation  by  acetic  acid.  Mucin  swells 
up  in  water,  and  by  sufficient  dilution  it  can  be  filtered.  It  is  precipiiable 
by  alcohol  in  excess ;  also  by  acetic  acid,  and  it  is  not  soluble  in  an  excei^s 
of  the  precipitant;  also  by  nitric,  hydrochloric,  an«l  sulphuric  acids,  and 
it  is  soluble  in  an  excess  of  these  acids.  It  is  not  precipitated  by  mercuric 
chloride,  lead  acetate,  or  potassium  ferrocyanide.  It  is  not  coagulable  by 
boiling;   when  thoroughly  dried,  it  merely  swells  in  water  to  a  thick  mass. 

Ptin  is  said  often  to  occur  in  pus:  but  normal  pus  contains  neither  pyin 
nor«fiucin.  It  is  prc«;ipitable  by  acetic  aci<l.  and  this  precipitate  is  not 
soluble  in  an  excess  of  acid,  while  the  precipitates  with  nitric  and  hydro- 
chloric acids  are  so;  a  solution  of  pyin  in  hydrochloric  acid  is  not  preci|'i- 
tiible  by  a  solution  of  potassium  ferrocyanide.  It  is  distinguis^hable  from 
mucin  only  by  being  precipiiable  by  mercuric  chloride  and  lead  acetate. 
Tiie  precipitate  whicli  forms  in  the  serum  of  healtiiy  pus  on  the  addition 
of  acetic  acid  is  soluble  in  a  solution  of  common  salt,  and  consists  of  al- 
bumin. 

Pfpsin  has  not  yet  been  perfectly  isolated ;  it  resembles  mucin,  and  is 
prt^cipitated  by  load  acetate  and  by  alcohol;  according  to  Briicke^s  dis- 
covery it  is  also  carried  down  from  its  solution  when  any  fine  granular  pre- 
cipitate is  produced.  Briicke's  method  has  also  beeu  used  for  isolating 
other  substances  resembling  pepsin.     For  this  purpose  fresii-formed  col- 
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eium  phosphate  or  cholesterin  is  dissolyed  in  4  parts  alcohol  and  1  ether, 
or  eTen  animal  charcoal  or  milk  of  sulphur  may  be  used.  The  pepsin  may 
be  obtained  thus  dissolved  in  water,  and  this,  when  mixed  with  very  dilute 
hydrochloric  acid,  changes  albumin  into  peptone. 

Sugar-forming  Ferments  in  Saliva  and  Pancreatic  Fluid  have  also 
been  separated  by  addition  of  dilute  phosphoric  acid,  and  subsequent  nuu- 
trulization  afterwards  by  lime-water  and  by  ethereal  solutions  of  cholesterin. 
They  can  be  dissolved  in  water  and  precipitated  by  absolute  alcohol  They 
can  be  dried  at  ordinary  temperatures  without  decomposition.  If  heated 
to  100^,  they  lose  their  power  of  acting  upon  starch.  When  boiled  with 
nitric  acid,  and  mixed  with  an  excess  of  ammonia,  the  solution  remains 
colorless. 

Gelatin  and  Crondrin. — Animal  membranes,  skin,  tendons,  and  even 
bones,  dissolve  in  water  at  a  high  temperature  more  or  less  completely,  but 
with  very  different  degrees  of  facility,  giving  solutions  which  on  cooling 
acquire  a  soft-solid,  tremulous  consistence.  The  substance  so  produced  is 
called  ^e/o/tn  .*  it  does  not  pre-exist  in  the  animal  system,  but  is  generated 
from  the  membranous  tissue  by  the  action  of  hot  water.  The  jelly  of 
calves*  feet,  and  common  size  and  glue,  are  familiar  examples  of  gelatin  in 
different  conditions  of  purity.  Isinglass,  the  dried  swimming-bladder  of 
the  sturgeon,  dissolves  in  water  merely  warm,  and  yields  a  beautifully  pure 
gelatin.  In  this  state  it  is  white  and  opalescent,  or  translucent,  quite  in- 
sipid and  inodorous,  insoluble  in  cold  water,  but  readily  dissolving  by  a 
slight  elevation  of  temperature.  Cut  into  slices  and  exposed  to  a  current 
of  dry  air,  it  shrinks  prodigiously  in  volume,  and  becomes  a  transparent, 
glassy,  brittle  mass,  which  is  soluble  in  warm  water,  but  insoluble  in  alco- 
hol and  ether.  By  dry  distillation  a  watery  fluid  is  produced,  containing 
much  carbonate  of  ammonia,  and  a  thick  brown  oil,  in  which,  besides  am- 
monium carbonate,  ammonium  sulphide,  ammonium  cyanide,  and  neutral 
oily  bodies,  various  basic  substances  exist,  as  aniline,  picoline,  niethyl- 
amine,  trimethylamine,  butylaniine,  and  probably  many  others.  In  the 
dry  state,  gelatin  may  be  kept  indefinitely :  in  contact  with  water,  it 
becomes  acid,  loses  the  property  of  gelatinizing,  and  putrefies.  Long-con- 
tinued boiling  gradually  alters  it,  and  the  solution  loses  the  power  of  form- 
ing a  jelly  on  cooling  1  part  of  dry  gelatin  or  isinglass  dissolved  in  100 
parts  of  water  solidifies  on  cooling. 

An  aqueous  solution  of  gelatin  is  precipitated  by  alcohol,  which  with- 
draws the  water:  corrosive  sublimate  in  excess  gives  a  white  flocculent 
precipitate,  and  the  same  happens  with  solution  of  mercurous  and  mer- 
curic nitrate:  neither  alum,  neutral  lead  acetate,  nor  basic  lend  ace- 
tate affects  a  solution  of  gelatin.  With  tannic  acid  or  infusion  of  galls, 
gelatin  gives  a  copious,  whitish,  curdy  precipitate,  which  coheres  on 
stirring  to  an  elastic  mass,  quite  insoluble  in  water,  and  incapable  of  pu- 
trefaction. 

Tannic  acid  is  the  only  acid  that  gives  a  precipitate  with  a  solution  of 
gelatin.     It  does  so  even  when  the  solution  is  excee<Hngly  dilute. 

Chlorine  passed  into  a  solution  of  gelatin  occasions  a  dense  white  pre- 
cipitate of  chlorite  of  gelaiiny  which  envelops  each  gas-bubble,  and  ulti- 
mately forms  a  tough,  elastic,  pearly  mass,  somewhat  resembling  fibrin. 
Boiling  with  strong  alkalies  converts  gelatin,  with  evolution  of  ammonia, 
into  leucine,  and  glycncine.  This  last-mentioned  substance,  niso  called 
glycoeol^  was  first  formed  by  the  action  of  cold  concentrated  sulphuric  acid 
upon  gelatin,  and  has  lately  been  obtained  by  the  action  of  acids  upon  hip- 
puric  acid,  which  is  thereby  resolved  into  benzoic  acid  and  glycocine  (see 
page  633). 

A  dilute  solution  of  gelatin,  distilled  with  a  mixture  of  potassium  bichro- 
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mate  and  sulphuric  acid,  yields  acetic,  valeric,  benzoic,  and  hydroejaaic 
acids,  and  two  volatile  oily  principles  termed  valeronUriU^  CgH^,  and  rol- 
tracetonitrUe,  Q^fi^fi^-  The  former  is  a  thin  colorless  liquid,  of  aromatic 
odor,  like  that  of  salicylol:  it  is  lighter  than  water,  and  boils  tX  125°  C. 
('lol^  F.).  The  latter  much  resembles  the  first,  but  boils  at  70®  C  (158*»  F.). 
Alkalies  convert  valeronitrile  into  valeric  acid  and  ammonia,  and  valeraee- 
tonitrile  into  valeric  acid,  acetic  acid,  and  ammonia.  Valeracetonitrile 
contains  the  elements  of  4  molecules  of  valeronitrile  and  3  molecules  of 
acetic  acid : 

C^n^N.O.  =  4C,H,N  -f         8C,H,0r 

Dry  gelatin,  subjected  to  analysis,  has  been  found  to  contain  in  lOOparta, 
50*05  carbon,  6*47  hydrogen,  18*85  nitrogen,  and  25*13  oxygen. 

The  cartilage  of  the  ribs  and  joints  yields  a  gelatin  differing  in  some  re- 
spects from  the  preceding:  it  is  called,  by  way  of  distinction,  chondrin.  It 
is  less  soluble  in  boiling  water  than  gelatin.  It  is  precipitated  from  its 
solution  by  acetic  acid,  and  is  not  soluble  in  an  excess  of  acid.  Other  acids 
in  very  small  quantity  precipitate  chondrin,  but  the  slightest  excess  redisi- 
solves  the  precipitate.  Acetate  of  lead  and  solution  of  alum  also  precipi- 
tate this  substance.  These  reactions  distinguish  chondrin  from  gelatin. 
Scherer  gives  50-75  carbon,  6*90  hydrogen,  14*70  nitrogen,  and  27  65  oxy- 
gen. The  doubtful  formulas  CigH^N^Oi  and  O^^fi^  have  been  assigned 
to  chondrin. 

If  a  solution  of  gelatin,  albumin,  fibrin,  casein,  or  probably  any  one  of 
the  more  complex  azotised  animal  principles,  be  mixed  with  solution  of 
cupric  sulphate,  and  then  a  large  excess  of  caustic  potash  added,  the  green- 
ish precipitate  first  formed  is  redissolved,  and  the  liquid  acquires  a  deep 
and  beautiful  purple  tint. 

Gelatin  is  largely  employed  as  an  article  of  food,  as  in  soups.  &c. ;  but 
its  value  in  this  respect  has  been  perhaps  overrated.  In  the  useful  arts,  size 
and  glue  are  consumed  in  great  quantities.  The.«e  are  prepared  from  the 
clippings  of  hides,  and  other  similar  matters,  enclosed  in  a  net,  and  boiled 
with  water  in  a  large  caldron.  The  strained  solution  gelatinizes  on  cool- 
ing, and  constitutes  tize.  Glue  is  the  same  substance  in  a  state  of  desicca- 
tion, the  size  being  cut  into  slices  and  placed  upon  nettings  freely  exposed 
to  a  current  of  air.  Gelatin  is  extracted  from  bones  with  much  greater 
diflSculty :  the  best  method  of  proceeding  is  said  to  be  to  enclose  the  bones, 
previously  crushed,  in  strong  metallic  cylinders,  and  admit  high-pressure 
steam,  which  attacks  and  dissolves  the  animal  matter  much  more  easily 
than  boiling  water;  or,  to  steep  the  bones  in -dilute  hydrochloric  acid, 
thereby  removing  the  earthy  phosphate,  and  then  dissolve  the  eofl  and 
flexible  residue  by  boiling. 

There  is  an  important  economical  application  of  gelatin,  or  rather  of  the 
material  which  produces  it,  which  deserves  notice — viz.,  to  the  clarifying 
of  wines  and  beer  from  the  finely  divided  and  suspended  matter  which 
often  renders  these  liquids  muddy  and  unsightly.  When  isinglass  is  di- 
gested in  very  dilute  cold  acetic  acid,  as  sour  wine  and  beer,  it  softens, 
swells,  and  nssumes  the  aspect  of  a  very  light  transparent  jelly,  which, 
although  quite  insoluble  in  the  cold,  may  be  readily  mixed  with  a  large 
quantity  of  watery  liquid.  Such  a  preparation,  technically  called  finings^ 
is  sometimes  used  by  brewers  and  wine-merchants  for  the  purpose  before 
mentioned:  its  notion  on  the  liquor  with  which  it  is  mixed  seems  to  be 
purely  mechanical,  the  gelatinous  matter  slowly  subsiding  to  the  bottom  of 
the  cask,  and  carrying  with  it  the  insoluble  substance  to  which  the  tur- 
bidity was  due. 

Horny  Matter;  Elastin  (55*5  carbon,  74  hydrogen,  16  7  nitrogen,  and 
20*5  oxygen).  — This  substance  is  prepared  by  boiling  tiie  ligamentum  nuehm 
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of  «atl1e  with  alcohol,  ether,  water,  concentrated  acetic  acid,  and  dilute 
caustic  8oda.  It  has  a  yellow  color  when  moist,  is  extensible,  but  becomes 
brittle  after  drying.  It  is  perfectly  insoluble  in  cold  or  boiling  water,  ol-o 
in  ammonia,  acetic  acid,  or  alcohol.  In  a  concentrated  solution  of  potash 
ir  19  dissolved,  and  at  the  same  time  decomposed.  The  solution  is  not  prc^ 
cipitated  by  acids,  only  with  tannic  acid  the  neutral  solution  gives  a  pre- 
cipitate. When  boiled  with  sulphuric  acid  it  is  decomposed,  with  formation 
of  leucine. 

Keratin.  —  Hair,  nails,  horn,  feathers,  epidermis,  and  epithelium,  boiled 
with  ether,  alcohol,  water,  and  dilute  acid,  yield  residual  substances  which 
«lo  not  agree  well  in  their  analysis,  and  therefore  probably  are  not  rightly 
classed  under  one  name.  These  bodies  swell  but  little  in  water,  but  when 
dry  are  very  hygroscopic.  By  continual  boiling  in  water  at  160®  C.  (802° 
F. ).  they  partially  decompose^  A  milky  liquid  forms,  and  sulphuretted 
hydrogen  escapes.  If  the  solution  is  evaporated  to  dryness,  a  residue,  in- 
soluble in  water,  remains.  In  acetic  acid  these  substances  swell  up  more 
than  in  water,  without  materially  altering  in  texture ;  in  concentrated 
acetic  acid  they  dissolve  when  boiled  ;  and  when  boiled  with  sulphuric 
acid,  they  give  leucine,  and  about  4  per  cent,  of  tyrosine.  In  caustic  pot- 
ash, and  with  difficulty  in  a  solution  of  potassium  carbonate,  they  swell 
up,  and  when  heated  dissolve.  The  alkaline  solutions  evolve  sulphuretted 
hydrogen  on  addition  of  acids. 

FiBRoix,  48-6  carbon,  C  5  hydrogen,  17-8  nitrogen,  and  27-0  oxygen.  — 
This  substance  dissolves  in  concentrated  acids  and  alkalies  and  in  ummo- 
niacal  cupric  solution,  but  not  in  ammonia:  when  neutralized,  the  solutions 
give  precipitates ;  by  boiling  with  dilute  sulphuric  acid  it  yields  leucine 
and  5  per  cent,  of  tyrosine. 

Spongtn  is  obtained  from  sponge  by  treating  it  with  ether,  alcohol,  hy- 
drochloric acid,  and  5  per  cent,  .soda-lye.  It  closely  agrees  in  composition 
with  fibroin,  but  when  boiled  with  sulphuric  acid  does  not  yield  tyrosine, 
but  glycocine  and  leucine. 

CoNoniOLiN  forms  the  greater  part  of  the  organic  basis  of  mussel-shells. 
It  is  insoluble  in  water,  alcohol,  acetic  acid,  dilute  mineral  acid,  and  pot- 
ash-lye. It  contains  16  or  17  per  cent,  of  nitrogen,  and  gives  by  boiling 
with  sulphuric  acid,  only  leucine,  and  no  tyrosine,  glycocine,  or  sugar. 

CiiiTirr,  from  the  skeleton  of  insects  and  Crustacea,  GjH,jIIOj.  It  is  best 
prepared  by  boiling  the  elytra  of  the  cockchafer  with  aUalies,  water,  acetic 
acid,  alcohol,  and  ether.   It  yields  glucose  when  dissolved  in  sulphuric  acid. 

Pbotagon  and  Eurine.  —  Protagon,  first  prepared  and  investigated  by 
Liebreich,  was  formerly  known  in  an  impure  state  as  cerehrin,  cerebric 
acid,  lecithin,  and  when  swollen  in  water,  as  myelin.  It  forms  the  chief 
constituent  of  the  nervous  substance  in  the  nervous  centres  nnd  peripheral 
nerves.  It  also  most  likely  occurs  in  oil  of  eggs,  in  pus-cells,  in  white 
blood-cells,  and  in  semen ;  but  at  present  it  has  only  been  obtained  pure 
from  the  brnin,  which  must  be  freed  as  much  as  possible  from  blood  and 
extraneous  tissues.  The  emulsion  is  agitated  with  water,  and  poured  into 
a  flask:  much  ether  is  poured  on  it,  and  after  constant  shaking  at  29°  C. 
(84°  F.),  it  is  allowed  to  stand  for  some  time  and  at  the  same  temperature. 
The  ether  is  poured  oflT,  filtered,  and  the  solution  is  cooled  from  0°  to 
— 10°  C.  (14°  F.),  filtered  at  this  low  temperature,  and  washed  out  with 
cold  ether  until  no  more  cholesterin  is  extracted  by  the  ether.  The  resi- 
due is  dried  over  sulphuric  acid,  dissolved  in  alcohol  of  80  per  cent,  at 
40°  C.  (104°  F.),  to  form  a  not  too  concentrated  solution,  and  then  it  is 
allowed  to  cool  slowly  in  a  water-bath.     The  protagon  crystallizes  out  in 
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bundles  of  fine  needles.  It  is  colorless  and  without  smell,  scarcely  soluble 
in  pure  ether,  easily  in  warm  spirit  of  wine,  very  easily  in  fatty  and  ethereal 
oils,  and  very  easily  also  in  warm  ethereal  solutionai  of  fat.  In  water  it 
swells  up  to  an  opalescent  white  mass  like  a  decoction  of  starch,  and  in 
concentrated  solution  forms  a  firm  paste.  When  heated  in  alcohol,  more 
especially  in  absolute  alcohol,  above  60°  to  60<»  C  (122^-140®  F.),  it  decom- 
poses with  separation  of  oily  drops.  When  boiled  with  strong  baryta-wa- 
ter, the  protagou'by  degrees  decomposes  into  glycerin,  phosphoric  acid, 
stearic  acid,  ami  a  third  crystalline  non-nitrogenous  acid  not  thorough !j 
investigated ;  but  its  lead-salts  are  soluble  in  ether ;  in  addition  to  th€^e 
acids,  neurine  is  formed,  which  is  a  strong  base. 

Neurink,  CjHjjNO,  or  C5H^N(0H),  was  obtained  by  Liebreicfa  by  boil- 
ing protagon  continuously  with  baryta-water,  precipitating  the  baryta  with 
carbonic  acid,  evaporating  the  filtrate  to  a  very  small  volume,  precipitating 
with  absolute  alcohol,  evaporating  the  filtered  alcoholic  extract  to  a  syrup, 
again  dissolving  it  in  absolute  alcohol,  and  precipitating  the  concentrated 
solution  in  alcohol  with  platinic  chloride.  The  double  platinum-salt, 
(CjH^^NCl), .  PtCl4,  is  easily  soluble  in  water,  and  crystallizes  in  thin  large 
rhombic  tiihles  of  a  yellow  color.  It  is  not  altogether  insoluble  in  alcohol. 
Solutions  of  neurine  react  very  strongly  alkaline,  even  after  carbonic  acid 
has  long  been  passed  into  them.  The  solution  of  the  base  in  absolute  alco- 
hol becomes  thick  by  passing  carbonic  acid  into  it :  carbonate  of  neurine 
with  an  alkaline  reaction  then  forms.  This  is  decompof^ed  with  efTerres- 
cenco  by  strong  acids.  The  neurine  forms  out  of  protagon  by  dimply  split- 
ting into  glycerin,  phosphoric  acid,  &c.  By  its  formation  no  evolution  of 
amniDiiia  takes  place,  and  the  neurine  takes  all  the  nitrogen  of  the  prota- 
gon. Bauer  has  lately  shown  that  this  substance  is  the  hydrate  of  tri- 
nicthyl-ethy I- ammonium,  and  Wurtz  has  actually  produced  this  complex 
organic  substance  synthetically. 

Inosinic  Acid,  CgTTgNjO^  (?),  found  by  Liebig  in  the  flesh  of  some  warm- 
blooded animals.  It  has  not  yet  been  obtained  in  crystals,  but  as  a  syrup 
which  becomes  solid  in  alcohol.  It  dissolves  easily  in  water,  reddens  lit- 
mus strongly,  tastes  pleasantly  like  soup,  and  partly  decomposes  by  boil- 
ing. Its  Falts,  even  those  of  the  alkalies,  are  crystalline.  The  alkaline 
salts  are  soluble  in  water.  The  copper  and  silver-salts  form  amorphous, 
insoluble,  or  almost  insoluble  precipitates.  In  alcohol  and  ether  the  ino- 
sinic salts  arc  not  soluble. 

CiiLOROHODic  Acid,  obtained  by  Bosdecker  from  pus  by  extraction  with 
other,  alcohol,  and  water,  precipitation  with  lead  acetate,  decomposition 
by  hydrogen  sulphide,  and  extraction  with  absolute  alcohol,  forms  fine  mi- 
croscopic needles.  The  acid  dissolves  easily  in  water  or  alcohol,  but  not 
in  ether.  It  will  not  sublime,  melts  when  heated,  and  bums,  with  the 
smell  of  horn.  In  its  watery  solutions,  chloride  of  mercury  and  tin  acl 
nitrate  of  mercury  cause  a  white  precipitate.  So  also  does  tannin.  loiiine 
gives  a  light  yellow  precipitate  Chlorine  water  in  dilute  solutions  gives  a 
rose-red  color ;  dark-red  in  concentrated  solutions. 

ExcRETiN,  C-gII,5gOjiS,  according  to  Marcet.  Alcoholic  extract  of  humaa 
faeces  is  precipiiaied  with  lime,  and  extracted  with  alcohol  and  ether,  and 
the  solution  left  at  a  sufficiently  low  temperature  to  crystallize.  It  mrlt? 
at  92^  to  90°  C.  (198°-205°  F),  is  soluble  in  water,  and  in  warm  alcohol  or 
ether,  almost  insoluble  in  cold  alcohol.  The  solutions  have  a  neutral  re*<"- 
tion.  Neither  boiling  caustio  potash  nor  dilute  acids  attack  it^  Kiiric 
acid  easily  decompo<«es  it. 

ExcretoUc  acid  is  the  name  given  by  Marcet  to  a  mixture  of  fatty  acid*, 
&c.,  which  are  precipitated  from  the  alcoholic  extract  of  excrement  by  lime- 
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BLOOD,  URINE,  SWEAT,  SALIVA,  GA8TKIC  JUICE,  BILE,  CHYLE,  MUCUS,  PUS, 

MILK. 


Composition  of  the  Blood.  — The  blood  is  the  general  circulatiDg  fluid 
of  the  animal  body,  the  source  of  all  nutriment  and  growth,  and  the  gen- 
eral material  from  which  all  the  secretions,  however  much  they  may  differ  in 
properties  and  composition,  are  derived  Food  or  nourishment  from  with- 
out can  only  be  made  available  by  first  passing  through  the  blood.  It 
serves  also  the  scarcely  less  important  office  of  removing  and  carrying  off 
from  the  body  principles  which  are  hurtful,  or  no  longer  required. 

In  all  vertebrated  animals  the  blood  has  a  red  color,  and  probably  in  nil 
cases  a  temperature  above  that  of  the  medium  in  which  the  creature  lives. 
In  the  mammalia  this  is  very  apparent,  and  in  the  birds  still  more  so.  The 
heat  of  the  blood  is  directly  connected  with  the  degree  of  activity  of  the 
respiratory  process.  In  man  the  temperature  of  the  blood  seldom  varies 
much  from  80-6°  C.  (98^  F.),  when  in  a  state  of  health,  even  under  great 
vicissitudes  of  climate:  in  birds  it  is  sometimes  as  high  as  42-8°  C.  (109^ 
F.).  To  these  two  highest  classes  of- the  animal  kingdom,  the  mammifers  and 
the  birds,  the  observations  about  to  be  made  are  intended  especially  to  apply. 

In  every  creature  of  this  description  two  kinds  of  blood  are  met  with, 
which  differ  very  considerably  in  their  appearance,  viz.,  that  contained  in 
the  Uft  side  of  the  heart  and  in  the  arteries  generally,  and  that  contained 
in  the  right  side  of  the  heart  and  in  the  veins:  the  former,  or  arterial  blood, 
has  a  bright-red  color:  the  latter,  the  venous  blood,  is  blackish-purple.  The 
conversion  of  the  dark  into  the  florid  blood  may  be  traced  to  what  takes 
place  during  its  exposure  to  the  air  in  the  lungs ;  and  the  opposite  change, 
to  what  takes  place  in  the  capillaries  of  the  general  vascular  system,  or 
the  minute  tubes  or  passages,  distributed  in  countless  numbers  throughout 
the  whole  body,  which  connect  the  extremities  of  the  arteries  and  veins. 
When  compared  toj^ether,  little  difference  of  properties  or  composition  can 
be  found  in  the  two  kinds  of  blood:  the  hsBmnglobin  of  arterial  blood  is 
found  by  spectrum  analysis  to  differ  from  the  hsemoglobin  of  venous  bloo«i. 
The  difference  in  the  interference  bands  is  caused  by  the  combination  of 
oxygen  with  haemoglobin  in  the  arteries  and  its  deoxidation  in  the  veins. 
Tiie  fibrin  varies  a  little,  that  from  venous  blood  being,  as  already  men- 
tioned, soluble  in  a  solution  of  potassium  nitrate,  which  is  not  the  case 
with  arterial  fibrin.  It  is,  besides,  very  prone  to  absorb  oxygen,  and  to 
become,  in  all  probability,  partly  changed  to  a  higher  oxygen-compound  of 
fibrin.  The  only  other  notable  point  of  difference  is  in  the  gaseous  matter 
the  blood  holds  in  solution,  carbonic  acid  predominating  in  the  venous,  and 
free  oxygen  in  the  arterial  variety. 

In  its  ordinary  state  the  blood  has  a  slimy  feel,  a  density  varying  from 
1  053  to  I  057.  and  a  decidedly  alkaline  reaction,  partly  from  soda  com- 
bined with  albumin,  and  partly  from  sodium  carbonate  and  phosphate:  it 
has  a  saline  and  disagreeable  tnste,  and,  when  quite  recent,  a  peculiar  odor 
or  hali/tUy  which  almost  immediately  disappears.     An  odor  may,  however, 
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afterwards  be  developed  by  addition  of  pulpfauric  acid,  which  la  bj  «^cme 
considered  characteristic  of  the  animal  from  which  the  blood  was  obtained. 

The   coMgulation  of  blood  in   repose  has  been 
P'ft.l^'  already  noticed,  and  its  cause  traced  lo  the  mu- 

8tual  act  ion  of  the  tibrino-fdastic  and  fibrino-gcnc  i:« 
Q  substances,  which  together  constitute  fibrin :  the 

©  ©  ©  ^  effect  is  best  seen  when  the  biood  is  received  in  m 

j-^/^  shallow  vessel,  and  left  to  itself  some  time.     !No 

^"-Q     Q         evolution  of*  gas  or  absorption  of  osygin  take  5 
^^  place  in  this  process.     By  at mng  agitation  coagu- 

^5)   0^  QO  lation  may  be  prevented;  the  fibrin  in  this  case 

^      ^  /^    HO^       separates  in  cohering  filaments, 
^g-j  Q  ©  ^    ^^n  'To  ^^®  naked  eye  the  blood  appears  a  homo- 

r\0  ©)     ^  geneous  fluid ;  but  it  is  not  so  in  reality.     When 

@  Q^i^  examined  by  a  good  microscope,  it  is  seen  to  con- 

^\p^Q       ^     Q)  sist  of  a  transparent  and  nearly  colorless  liquid, 

^^^3^  ^  ^    ^  ^^  which  float  about  a  countless  multitude  of  little 

©    ©       ^^  round  red  bodies  4.0  which  the  color  is  due;  these 

are  the  blood-disc*  or  blood-corpuscles  of  micro- 
scopic observers.  They  are  accompanied  by  colorless  globules,  fewer  and 
larger,  the  white  corpuscles  of  the  blood 

The  blood-discs  are  found  to  present  difl'erent  appearances  in  the  blood 
of  different  animals:  in  the  mammifers  they  look  like  little  round  red  or 
yellowish  discs,  thin  when  compared  with  their  diameter,  being  flattened 
or  depressed  on  opposite  sides.  In  birds,  lizards,  frogs,  and  fish,  the  cor- 
puscles are  elliptical.  In  magnitude  they  seem  to  be  pretty  constant  in  all 
the  members  of  a  species,  but  differ  with  the  genus  and  order.  In  man 
they  are  very  small,  varying  from  -^-^j^  to  -^^^  of  an  inch  in  breadth,  while 
in  the  frog  the  long  diameter  of  the  ellipse  measures  at  least  four  times  as 
much.  The  corpuscles  consist  of  an  envelope  containing  a  fluid  in  which 
the  red  coloring  matter  of  the  blood  is  dissolved. 

The  coagulation  of  blood  effects  a  kind  of  natural  proximate  analysis; 
the  clear,  pale  serum,  or  fluid  part,  is  an  alkaline  solution  of  albumin,  con- 
taining various  soluble  salts ;  the  clot  is  a  mechanical  mixture  of  fibrin  and 
blood-globules,  swollen  and  distended  with  serum,  of  which  it  absorbs  a 
large  but  variable  quantity. 

The  following  table  represents  the  composition  of  healthy  human  blood 
as  a  whole ;  it  is  on  the  authority  of  M.  Lecanu :  * 

Water TSOl'S 

Fibrin 

Albumin 

Coloring  matter  .... 

Crystalhzable  fat    . 

Fluid  fat      

Extractive  matter  of  uncertain  nature,  1 
soluble  in  both  water  and  alcohol    .  / 
Albumin  in  combination  with  soda 
Sodium  and  potassium  chlorides,  car-  \ 


0.) 

(2.) 

78015 

785  68 

210 

3-57 

66-09 

69  41 

13S00 

119-63 

2-43 

4  30 

1-31 

2-27 

1-79 

1-92 

1-26 

201 

8-87 

7  30 

bonates,  phosphates,  and  sulphates 
Calcium  and  magnesium  carbonates ; 

phosphates  of  calcium,  magnesium,  \         2*10  1-42 

and  iron ;  ferric  oxide     .         .         .  j 
Loss 2-40  2-59 
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In  healthy  indiyiduals  of  different  sexes  these  proportions  are  found  to 
y&ry:  the  fibrin  and  coloring  matter  are  usually  more  abundant  in  the 
male  than  in  the  female :  in  disease,  variations  of  a  far  wider  extent  are 
often  apparent. 

It  appears  singular  that  the  red  corpuscles,  which  are  so  easily  dissolved 
by  water,  should  remain  uninjured  in  the  fluid  portion  of  the  blood.  This 
seems  partly  due  to  the  presence  of  saline  matter,  and  partly  to  that  of  al- 
bumin, the  corpuscles  being  alike  insoluble  in  a  strong  solution  of  salt  and 
in  a  highly  albuminous  liquid.  In  the  blood  the  limit  of  dilution  within 
which  the  corpuscles  retain  their  integrity  appears  to  be  nearly  reached, 
for  when  water  is  added  they  immediately  become  attacked. 

Urine.  — The  urine  is  the  great  channel  by  which  the  azotized  matter  of 
those  portions  of  the  body  which  have  been  taken  up  by  the  absorbents, 
and  by  which  the  excess  of  nitrogenous  food  is  conveyed  away  and  rejected 
from  the  system  in  the  form  of  urea.  It  serves  also  to  remove  superfluous 
water  and  foreign  soluble  matters  which  get  introduced  into  the  blood. 

The  two  most  remarkable  and  characteristic  constituents  of  urine,  urea, 
and  uric  acid,  have  already  been  fully  described;  in  addition  to  these,  it 
contains  lactic  and  hippuric  acids,  creatin,  creatinine,  and  traces  of  glucose 
and  indican,  calcium  and  magnesium  sulphates,  chlorides,  and  phosphates, 
alkaline  salts,  and  certain  yet  imperfectly  known  principles,  including  an 
odoriferous  and  a  coloring  substance. 

Healthy  human  urine  is  a  transparent,  light  amber-colored  liquid,  which, 
while  warm,  emits  a  peculiar,  aromatic,  and  not  disagreeable  odor.  This 
is  lost  on  cooling,  while  the  urine  at  the  same  time  occasionally  becomes 
turbid,  from  a  deposition  of  urates,  which  rcdissolve  with  slight  elevation 
of  temperature.  It  is  very  decidedly  acid  to  test-paper;  this  acidity, 
which  continually  varies  in  amount,  has  been  ascribed  to  acid  sodium  phos- 
phate, to  free  uric  acid,  and  to  free  lactic  acid ;  lactic  acid  can,  however, 
hardly  co-exist  with  alkaline  urates,  and  the  amorphous  buff-colored  de- 
pO!4it  obtained  from  fresh  urine  by  spontaneous  evaporation  in  a  vacuum, 
is  not  uric  acid,  but  mixed  acid  urates,  modified  as  to  crystalline  form  by 
the  presence  of  minute  quantities  of  sodium  chloride.  That  a  free  acid  is 
sometimes  present  in  the  urine  is  certain  :  in  this  case  the  reaction  to  test- 
paper  is  far  stronger,  and  the  liquid  deposits  on  standing,  little,  red,  hard 
crystals  of  uric  acid  ;  but  this  is  no  longer  a  normal  secretion. 

An  alkaline  condition  of  the  urine  from  fixed  alkali  is  sometimes  met 
with.  Such  alkalinity  can  always  be  induced  by  the  administration  of  neu- 
tral potassium  or  sodium-salts  of  a  vegetable  acid,  as  tartaric  or  acetic 
acid:  the  acid  of  the  salt  is  burned  in  the  blood  in  the  process  of  respira- 
tion, and  a  portion  of  the  base  appears  in  the  urine  in  the  state  of  car- 
bonate. The  urine  is  often  alkaline  in  cases  of  retention,  from  ammonium 
carbonate  proluced  by  putrefaction  in  the  bladder  itself;  but  this  is  easily 
distinguished  from  alkalinity  from  fixed  alkali,  in  which  it  is  secreted  in  that 
condition. 

The  density  of  the  urine  varies  from  1  005  to  1-030:  about  1-020  to  1-025 
may  be  taken  as  the  ayerage  specific  gravity.  A  high  degree  of  density  in 
urine  may  arise  from  an  unusually  large  proportion  of  urea:  in  such  a 
ca<4e,  the  addition  of  nitric  acid  will  occasion  an  almost  immediate  produc- 
tion of  crystals  of  urea  nitrate;  whereas  with  urine  of  the  usual  degree 
of  concentration,  very  many  hours  will  elapse  before  the  nitrate  begins  to 
separate.  The  quantity  of  urine  passed  depends  much  upon  circumstances, 
as  upon  the  activity  of  the  skin.  It  is  usually  more  deficient  in  quantity 
and  of  higher  density  in  summer  than  in  winter.  Perhaps  about  32  ounces 
in  the  24  hours  may  be  assumed  as  a  mean. 

When  kept  at  a  moderate  temperature,  urine  after  some  days  begins  to 
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decompose :  it  exhales  an  offensive  odor,  becomes  alkaline  from  the  pro- 
duction of  ammonium  carbonate,  and  turbid  from  the  deposition  of  earth j 
phosphates.  The  ammonium  carbonate  is  due  to  the  putrefactiTe  decom- 
position of  the  urea,  which  gradually  disappears,  the  ferment,  or  aetire 
agent  of  the  change,  being  a  peculiar  nitrogenous  substance  which  is 
always  Toided  with  the  urine.  It  has  been  found  also  that  the  yellow  ad- 
hesive deposit  containing  infusoria  from  stale  urine  is  a  most  powerful  fer- 
ment to  the  fresh  secretion.  In  this  putrefied  state  urine  is  used  in  several 
of  the  arts,  as  in  dyeing,  and  forms  perhaps  the  most  valuable  manure  for 
land  known  to  exist. 

Putrid  urine  always  contains  a  considerable  quantity  of  ammonium  sul- 
phide: this  is  formed  by  the  deoxidation  of  sulphates  by  the  organic  mat- 
ter. The  highly  offensive  odor  and  extreme  pungency  of  the  decomposing 
liquid  may  be  prevented  by  previously  mixing  the  urine,  as  Liebig  sug- 
gests, with  sulphuric  or  hydrochloric  acid,  in  sufficient  quantity  to  saturate 
all  the  ammonia  that  can  be  formed. 

The  f<{) lowing  is  an  analysis  of  human  urine  by  Berzelius.  1000  parts 
contained — 


Watey 

Urea 

Lactates  and  extractive  matter    . 

Uric  acid 

Potassium  and  sodium  sulphates 
Sodium  phosphate  .... 
Ammonium  phosphate 
Calcium  and  magnesium  phosphates 
Sodium  chloride  .... 
Sal-ammoniac          .... 
Silica 


933  02 
.     8010 
1714 
.       1-00 
6-87 
.       2-92 
1-66 
lOO 
4-45 
.       1-50 
003 
Mucus  of  bladder 0*32 
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In  certain  states  of  disorder  and  disease,  substances  appear  in  the  arine 
which  are  never  present  in  the  normal  secretion :  of  these  the  most  com- 
mon is  albumin.  This  is  easily  detected  by  the  addition  of  nitric  acid  in 
excess,  which  then  causes  a  white  cloud  or  turbidity,  which  is  permanent 
when  boiled,  or  by  corrosive  sublimate,  the  urine  being  previously  acidi- 
fied with  a  little  acetic  acid ;  boiling  usually  causes  a  precipitate  which  is 
not  dissolved  by  a  drop  or  two  of  acid.  Mere  turbidity  by  boiling  is  no 
proof  of  albumin,  the  earthy  phosphates  being  often  thrown  down  from 
nearly  neutral  urine  under  such  circumstances  ;  the  phosphatic  precipitate 
is,  however,  instantly  dissolved  by  a  drop  of  any  acid. 

In  diabetes  the  urine  contains  grape-sugar,  the  quantity  of  which  varies 
with  the  intensity  of  the  disease;  sometimes  it  is  enormous,  the  urine  ac- 
quiring a  density  of  1-040  and  beyond.  It  does  not  appear  that  the  urea 
is  deficient  absolutely^  although  more  difficult  to  discover  from  being  mixed 
with  such  a  mass  of  syrup.  Very  small  traces  of  sugar  may  be  discovered 
in  urine  by  Trommer's  test,  formerly  mentioned  (p.  576) :  a  few  drops  of 
solution  of  cnpric  sulphate  are  added  to  the  urine,  and  afterwards  an  ex- 
cess of  caustic  potash :  if  sugar  be  present,  a  deep  blue  liquid  results, 
which,  on  boiling,  deposits  red  cuprous  oxide.  With  proper  management 
this  test  is  very  valuable.  Urine  contiiining  sugar,  when  mixed  with  a 
little  yeast,  and  put  in  a  warm  place,  readily  undergoes  vinous  fernjenfa- 
tion,  and  afterwards  yields,  on  distillation,  weak  alcohol  contaminated  with 
^nia. 

urine  of  children  is  said  sometimes  to  contain  benzoic  acid :  this  is 
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produced  by  the  decomposition  of  hippuric  acid,  which  constantly  occurs 
in  the  urine  of  healtliy  persons.  When  benzoic  acid  is  taken,  tbe  urine 
after  a  few  hours  yields  on  concentration,  and  tbe  addition  of  hydrochloric 
acid,  needles  of  hippuric  acid,  soiled  by  adhering  uric  acid. 

The  deposit  of  buff-colored  or  pinkish  amorphous  sediment,  which  so 
frequently  occurs  in  urine  upon  cooling,  after  unusual  exercise  or  slight 
derangementH  of  health,  consists  of  a  variable  mixture  of  colored  acid 
urates  uncrystalliz.ed :  it  may  be  at  once  distinguished  from  a  deposit  of 
ammonio-mngnesian  phosphate  by  its  instant  disappearance  on  the  appli- 
cation of  heat.  The  earthy  phosphates,  besides,  are  hardly  ever  deposited 
from  urine  which  has  an  acid  reaction. 

The  coloring  matters  of  the  urine  have  been  carefully  examined  by  Dr. 
Schunck.  He  finds  that  most  of  the  substances  hitherto  described  as  col- 
oring healthy  urine  are  products  of  the  change  of  one,  or  at  most  two, 
coloring  matters,  which  are  always  present.  The  first  and  most  important 
of  these,  Dr.  Schunck  has  obtained  as  a  dark-yellow  extract,  amorphous 
and  deliquescent,  with  a  peculiar  odor.  It  is  soluble  in  alcohol  and  ether, 
as  well  as  in  water,  and  has  the  composition  C^gH^jNO^g.  It  is  decomposed 
at  a  boiling  temperature,  yielding  a  large  quantity  ot  a  brown  resin  and 
volatile  organic  acid.  A  second  extractive  matter,  soluble  in  water  and  al- 
cohol, but  not  in  ether,  he  found  had  the  formula  CigR^NOj^.  This  is  cer- 
tainly produced  in  the  process  of  preparing  the  first  extractive  matter, 
and,  perhaps,  does  not  pre-exist  in  healthy  urine.  Heat  and  all  strong 
alkalies  and  acids  decompose  these  extractive  matters,  and  give  rise  to 
most  of  the  coloring  matters  which  have  hitherto  been  described  as  exist- 
ing in  healthy  urine.  The  reddish-pink  coloring  matter,  called  purpurin 
or  uro-erythrin,  which  adheres  so  tenaciously  to  the  urates,  is  not  an  ordi- 
nary Constituent  of  healthy  urine,  but  is  formed  more  especially  when  the 
secretion  of  bile  is  diminished.  With  regard  to  the  presence  of  indican  in 
healthy  urine,  see  p.  583. 

The  yellow  principle  of  bile  may  be  observed  in  urine  in  cases  of  jaun- 
dice. 

The  urine  of  the  carnivorous  mammifera  is  small  in  quantity  and  highly 
acid.  It  has  a  very  otfensive  odor,  and  quickly  putrefies.  In  composition 
it  resembles  tiiat  of  man,  and  is  rich  in  urea.  In  birds  and  serpents,  the 
urine  is  a  white  pasty  substance,  consisting  almost  entirely  of  urate  of  am- 
monia. In  herbivorous  animnls  it  is  alkaline  and  often  turbid  from  earthy 
carbonates  and  phosphates:  urea  is  still  the  characteristic  ingredient, 
while  of  uric  acid  there  is  scarcely  a  trace:  hippuric  acid  is  usually,  if  not 
always,  present,  sometimes  to  a  very  large  extent.  When  the  urine  putre- 
fies, this  hippuric  acid,  as  already  noticed,  becomes  changed  to  benzoic  acid. 

Ubinabt  Calculi.  —  Stony  concretions,  differing  much  in  physical  char- 
acters and  in  chemical  composition,  are  unhappily  but  too  frequently 
formed  in  the  bladder  itself,  and  give  rise  to  one  of  the  most  distressing 
complaints  to  which  humanity  is  subject.  Although  many  endeavors  have 
been  made  to  find  some  solvent  or  solvents  for  these  calculi,  and  thus  su- 
persede the  necessity  of  a  formidable  surgical  operation  for  their  removal, 
success  has  been  but  very  partial  and  limited. 

Urinary  calculi  are  generally  composed  of  concentric  layers  of  crystal- 
line or  amorphous  matter,  of  various  degrees  of  hardness.  Very  frequent- 
ly the  central  point  or  nucleus  is  a  small  foreign  body:  curious  illustrations 
of  this  will  be  seen  in  any  large  collection.  Calculi  are  not  confined  to 
roan:  the  lower  animals  are  subject  to  the  same  nflfliction  ;  they  have  been 
found  in  horses,  oxen,  sheep,  pigs,  and  almost  constantly  in  rats. 

The  following  is  a  sketch  of  the  principal  characters  of  the  different 
varieties  of  calculi :  — 

68* 
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1.  Urie  Acid.  — These  are  among  the  most  common:  externally  ihey  are 
emooth  or  warty,  of  yellowish  or  brownish  tint:  they  haTe  an  imperfectly 
crystalline,  distinctly  concentric  structure,  and  are  tolerably  hard.  Be- 
fore the  blowpipe  the  uric  acid  calculus  barns  away,  leaving  no  ash.  It  is 
insoluble  in  water,  but  dissolves  with  facility  in  caustic  potash,  with  bat 
little  ammoniacal  odor:  the  solution  mixed  with  acid  gives  a  copious  white 
curdy  precipitate  of  uric  acid,  which  speedily  becomes  dense  and  crystal- 
line. Cautiously  heated  with  nitric  acid,  and  then  mixed  with  a  little  am- 
i^onia,  it  gives  the  characteristic  reaction  of  uric  acid,  vii.,  deep  purple- 
red  murexide. 

*J.  Amvionium  Urate.  —  Calculi  of  ammonium  urate  much  resemble  the 
preceding;  they  are  easily  distinguished,  however.  The  powder  boiled  in 
water  dissolves,  and  the  solution  gives  a  precipitate  of  uric  acid  when 
mixed  with  hydrochloric  acid.  It  dissolves  also  in  hot  potassium  carbo- 
nate with  copious  evolution  of  ammonia. 

8.  Fusible  Caleulut ;  Calcium  Photphate  teith  Ammofdo-Magnetian  Phos- 
phate.—  This  is  one  of  the  most  common  kinds.  The  stones  are  usually 
white  or  pale-colored,  smooth,  earthy,  and  soft;  they  often  attain  a  large 
size.  Before  the  blowpipe  this  substance  blackens  from  animal  matter, 
which  calculi  always  contain;  then  becomes  white,  and  melts  to  a  bead 
with  comparative  facilit}'.  It  is  insoluble  in  caustic  alkali,  but  readily  sol- 
uble in  dilute  acids,  and  the  solution  is  precipitated  by  ammonia.  Calculi 
of  unmixed  calcium  phosphate  are  rare,  as  also  those  of  magnesium  and 
ammonium  phosphate ;  the  latter  salt  is  sometimes  seen,  forming  small  bril- 
liant crystals,  in  cavities  in  the  fusible  calculus. 

4.  Calcium  Oxalate  Calculus;  Mulberry  Calculus.  —  The  latter  name  is  de- 
rived from  the  rough,  warty  character,  and  dark  blood-stained  aspect  of 
tills  variety :  it  is  perhaps  the  worst  form  of  calculus.  It  is  exceedingly 
hard:  the  layers  are  thick  and  imperfectly  crystalline.  Before  the  blow- 
pipe the  calcium  oxalate  burns  to  a  carbonate  by  a  moderate  red  bcat^  and, 
when  the  flame  is  strongly  urged,  to  quicklime.  It  is  soluble  in  moderately 
strong  hydrochloric  acid  by  heat,  and  very  easily  in  nitric  acid.  When 
finely  powdered  and  long  boiled  in  a  solution  of  potassium  carbonate, 
potassium  oxalate  may  be  discovered  in  the  filtered  liquor  when  carefully 
neutralized  by  nitric  acid,  by  white  precipitates  with  solutions  of  lime, 
lead,  and  silver.  A  sediment  of  calcium  oxalate  in  very  minute,  transpar- 
ent, octohedral  crystals,  only  to  be  seen  by  the  microscope,  is  of  common 
occurrence  in  urine,  in  which  a  tendency'  to  deposits  of  urates  exists. 

6.  Cysfine  and  Xanthine.  —  These  calculi  are  very  rare,  ei<pecially  the 
latter.  Calculi  of  cystine  or  cystic  oxide  are  very  crystalline,  and  often 
present  a  waxy  appearance  externally  :  sediments  of  cystic  oxide  are  somc- 
timen  met  with.  This  substance  is  a  definite  cry st alii zable  organic  prin- 
ciple, containing  sulphur  to  a  large  amount,  its  formula  being  Cgll^Ni^O, 
The  powdered  calculus  dissolves  in  great  part,  without  effervesct nee,  in 
dilute  acids  nnd  alkalies,  including  ammonia:  the  ammoniacal  solution  de- 
j>osits,  by  spontaneous  evaporation,  small  but  beautiful  colorless  cry>tal«. 
which  have  the  form  of  six-sided  prisms  nnd  tables.  It  forms  n  valine 
compound  with  hydrochloric  acid.  Caustic  alkalies  disengage  ammonia 
h-oin  this  substance  by  continued  ebullition.  When  the  solution  in  nitric 
ncid  is  evapoiated  to  dryness,  it  blackens:  when  it  is  dissolved  in  large 
quantity  of  caustic  potash,  a  drop  of  solution  of  lead  acetate  added,  and  the 
whole  boiled,  a  black  prfcipitate  containing  lead  sulphide  makes  its  appear- 
ance.    By  these  characters  cystine  is  easily  recognized. 

Xanthine  or  xanfhic  oxiV/<?,  also  a  definite  organic  principle,  C^H^N^Oj,  is 
iguished  by  the  peculiar  deep-yellow  color  produced  when  its  solution 
-ic  acid  is  evaporated  to  dryness:  it  is  soluble  in  alkalies  and  in  boil- 
rong  hydrochloric  acid 
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Very  many  calculi  are  of  a  composite  nature,  the  composition  of  the  dif- 
ferent layers  being  occtisionally  changed,  or  alternating:  thus,  mixed 
urates  and  calcium  oxalate  are  not  unt'requently  associated  in  the  same 
stone. 

Sweat.  — The  watery  fluid  poured  out  by  the  skin  contains  from  }  to  2 
per  cent,  of  solid  matter:  the  acidity  of  the  secretion  depends  on  organic 
acids,  chiefly  formic :  acetic  and  butyric  acids  also  exist  in  it.  Lactic  acid 
has  been  stated  to  be  absent,  even  in  rheumatism :  a  new  acid  named  sudoric 
aeid^  and  somewhat  resembling  uric  acid  in  composition,  is  said  to  be  al- 
ways present.  In  disease,  and  in  health,  small  quantities  of  urea  also  exist 
in  sweat.  The  salts  in  the  sweat  are  chlorides  of  sodium  and  potassium. 
Phosphoric  acid,  lime,  magnesia,  and  iron  oxide  have  been  found. 

Saliva  is  a  mixture  of  several  fluids  secreted  by  different  glands  of  the 
mouth.  Its  specific  gravity  i^  from  I  *002to  1  '009.  It  is  usually  alkaline :  dur- 
ing and  after  eating,  the  alkaline  reaction  increases,  while  H  decreases  by 
fasting.  It  contains  an  albuminous  substance,  ptyalin^  which  acts  on  starch, 
rapidly  changing  it  into  sugar.  The  secretion  of  the  submaxillary  gland, 
with  the  mucus  of  the  mouth,  chiefly  produces  this  eff'ect.  On  the  passage 
of  the  food  into  the  acid  gastric  juice,  this  conversion  of  starch  into  sugar 
ceases.  The  second  remarkable  substance  in  saliva  is  potassium  sulpho- 
cyanate,  which  exists  in  very  small  quantities,  but  is  very  easily  detected. 
The  solid  constituents  of  the  saliva  are  about  1  per  cent.,  and  in  100  parts 
of  solid  constituents  from  7  to  21  parts  are  fixed  salts,  chiefly  chlorides, 
with  calcium  carbonate  and  phosphate. 

Gastric  Juici  is  a  clear,  colorless,  transparent  fluid,  of  sp,  gr.  1-002, 
containing  1  to  2  per  cent  of  solid  constituents,  chiefly  sodium  chlorirle  and 
lactate.  It  has  an  acid  reaction,  and  contains  hydrochloric,  lactic,  butyric, 
propionic,  and  acetic  acids.  It  is  slightly,  or  not  at  all,  coagulablc  by 
boiling,  though  it  contains  two  albuminous  substances,  one  insoluble  in  wa- 
ter and  absolute  alcohol,  the  osniazomc  of  older  authors;  the  other  soluble 
in  water,  but  precipitated  by  alcohol,  tannin,  mercuric  chloride,  and  lead- 
salts.  This  is  pepsin.  In  the  gastric  juice  of  man  it  exists  to  the  amount 
of  0-319  per  cent.  When  the  gastric  juice  has  the  greatest  solvent  power, 
100  parts  of  fluid  are  saturated  by  1-25  parts  of  potash.  The  gastric  juice 
dissolves  the  albuminous  substances  taken  as  food,  and  slightly  changes 
their  reactions.  Thus  albumin,  fibrin,  casein,  legumin,  gluten,  and  chon- 
drin  give  rise  to  as  many  different  peptones.     (See  pepsin,  p.  801.) 

BiLB.  —  This  is  a  secretion  of  a  very  diff'erent  character  from  the  pre- 
ceding :  the  largest  internal  organ  of  the  body,  the  liver,  is  devoted  to  its 
jjreparation,  which  takes  place  from  venous,  instead  of  arterial  blood.  Ac- 
cording to  Gorup-Besanez,  human  bile  contains  in  1000  parts  — 

Water 823—908 

Solid  matter     .         .         .         177—  92 


Bile  acids  with  alkali  .         .  108—  56 

Fat  and  cholesterin  .         .  47 —  40 

Mucus  and  coloring  matter  24 —  15 

Ash 11 —    6 

In  its  ordinary  state,  bile  is  a  very  deep-yellow,  or  greenish,  viscid,  trans- 
parent liquid,  which  darkens  by  exposure  to  the  air,  and  undergoes  changes 
which  have  been  yet  imperfectly  studied.  It  has  a  disagreeable  odor,  a 
most  nauseous,  bitter  taste,  a  distinctly  alkaline  reaction,  and  is  roisciblo 
with  water  in  all  proportions.  Wlien  evaporated  to  dryness  at  100°,  and 
treated   with  alcohol,   the  greater  part  dissolves,   leaving   behind  an  in- 
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soluble  jelly  of  mucus  of  the  gall-bladder.  This  alcoholic  solution  coniains 
coloring  matter  and  cholesterin:  from  the  former  it  may  be  freed  by  di- 
ge8ti(>n  with  animal  charcoal,  and  from  the  latter  by  a  large  admixture  of 
ether,  in  which  the  bile  is  insoluble,  and  separates  as  a  thick,  syrupy,  and 
nearly  colorless  liquid.  The  coloring  matter  may  also  be  precipitated  by 
baryta- water. 

Pure  bile  thus  obtained,  when  evaporated  to  dryness  by  a  gentle  beat, 
forms  a  slightly  yellowish  brittle  mass,  resembling  gum-arabic.  It  is  com- 
pletely soluble  in  water  and  absolute  alcohol.  The  solution  is  not  affected 
by  the  vegetable  acids;  hydrochloric  and  sulphuric  acids,  on  the  contrary, 
give  rise  to  turbidity,  either  immediately  or  after  a  short  interval.  Lead 
acetate  partly  precipitates  it;  tribasic  acetate  precipitates  it  completely: 
the  precipitate  is  readily  soluble  in  acetic  acid,  in  alcohol,  and  to  a  cer- 
tain extent  in  excess  of  lead  acetate.  When  carbonized  by  hent,  and  in- 
ciuernted,  bile  leaves  between  11  and  12  percent,  of  ash,  consisting  chiefly 
of  sodium  carbonate,  with  a  little  common  salt  and  alkaline  phot^pbate. 
The  beautiful  researches  of  Strecker  show  that  bile  is  essentially  a  mix- 
ture of  the  sodium-salts  of  two  peculiar  acids,  resembling  the  resinous 
and  fatty  acids.  One  of  these  contains  nitrogen,  but  no  sulphur,  and  is 
termed  glycocholic  acid^  being  a  conjugated  compound '"^  of  a  non-mlrvgenou» 
acid^  eholte  aeidy  with  the  azotized  substance  j^///eoeiiif  (p.  614);  the  other, 
containing  nitrogen  and  sulphur,  is  called  tattrochoUe acid^  being  a  conjugated 
compound  of  the  same  eholie  acid  with  a  body  to  be  presently  described 
under  the  name  of  taurin,  containing  both  nitrogen  and  sulphur.  The  rela- 
tive proportion  in  which  these  acids  occur  in  bile,  remains  pretty  constant 
with  the  same  animal,  but  varies  considerably  with  different  classes  of 
animals. 

Glycocholic  Acid  may  be  thus  obtained: — When  ox-bile  is  perfectly 
dried  and  extracted  with  cold  absolute  alcohol,  and  after  filtration  is  roized 
with  ether,  it  firut  dvpo^its  a  brownish  tough  resinous  mass,  and  after  some 
time,  stellate  crystals)  consisting  of  the  glycocholates  of  sodium  and  potas- 
sium. These  mixed  crystals  were  first  obtained  by  Plattner,  and  they  com- 
pose his  so-called  crystallized  bile. 

Glycocholic  acid  may  be  obtained  by  decomposing  sodium  glycochoUre 
with  sulphuric  acid:  it  crystnllizos  in  fine  white  ntedlee  of  a  biticri>b- 
sweet  taste,  is  soluble  in  water  nnd  alcohol,  but  only  slightly  in  ether,  and 
has  a  strong  acid  reaction.  It  is  represented  by  the  formula  Cj^H^NOg. 
When  boiled  with  a  solution  of  potash,  the  acid  divides  into  cholic  acid  aud 
glycocine : 

Glycocholic  Cholic  acid.       Glycocine. 

acid. 

Boiled  with  concentrated  sulphuric  or  hydrochloric  acid,  it  likewise  yields 
glycocine,  but  instead  of  cholic  acid,  another  white  amorphous  acid,  cAf-A*- 
t/ic  acid  {C^^Wf^fP^  r=  cholic  acid  minus  1  molecule  of  water),  or,  if  the  ebul- 
lition Las  continued  for  some  time,  a  resinous  substance,  from  its  insolu- 
bility in  water  called  di/xli/ain  (C^iIlj^O,  =  cholic  acid  minus  2  molecules 
of  water). 

Taurocholic  Acid  is  thus  procured :  — Ox-bile  is  freed  as  far  as  possible 
from  glycocholic  acid  by  means  of  neutral  lead  acetate,  and  is  then  pre- 
cipitated by  basic  lead  acetate,  to  which  a  little  ammonia  is  added.  Tbe 
procipiiate  is  decomposed  by  sodium  carbonate,  whereby  tolerably  pure 
Bodium  tnurocholAte  is  obtained.  I>y  decomposing  the  taurocholate  of 
lead  with  sulphuretted  hydrogen,  taurocholic  acid  is  liberated.     This  sub- 

•  A  conjponnr]  is  soniPtlmea  wiM  to  be  "coiijiig?it«d"  of  twq  otherR,  wbeu  it  contaiztf  the 
clfmciita  of  tlioBt<  two  lKMJii>a,  minus  tlie  elc>ni<'iits  of  water. 
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stance,  howerer,  which  was  previously  called  cholic  acid  and  bilin^  has 
never  been  obtained  in  the  pure  state ;  its  formula,  as  inferred  from  the 
study  of  its  products  of  decomposition,  appears  to  be  C^gH^NSOy.  When 
boiled  with  alkalies,  it  divides  into  cholic  acid  and  tauriu  : 

Taurocholic  acid.  Cholic  acid.         Glycocine. 

With  boiling  acids  it  likewise  gives  taurin,  but  instead  of  cholic  acid 
either  choloi'dic  acid  or  dyslysin,  according  to  the  duration  of  the  ebullition. 

Taurin,  C,H^NSOj.  crystallizes  in  colorless  regular  hexagonal  prisms, 
which  have  no  odor  and  very  little  taste.  It  is  neutral  to  test-paper,  and 
permanent  in  the  air.  When  burnt,  il  gives  rise  to  much  sulphurous  acid. 
It  contains  upwards  of  25  per  cent,  of  sulphur.  It  is  easily  prepared  by 
boiling  purified  bile  for  some  hours  with  hydrochloric  acid.  After  filtra- 
tion and  evaporation,  the  acid  residue  is  treated  with  five  or 'six  times  its 
bulk  of  boiling  alcohol,  from  which  the  taurin  separates  on  cooling.  Strecker 
made  many  attempts  to  prepare  taurin  artificially.  Ultimately  he  found 
that  when  ammonium  isethionale  (p.  527),  which  melts  at  18(P,  is  heated 
to  210®  or  220^  C.  (410°-428°  F  ),  it  loses  1  molecule  of  water,  and  becomes 
taurin.  The  substance  is  dissolved  in  water,  and  on  the  addition  of  alco- 
hol, gives  crystals  having  all  the  properties  of  taurin.  Kolbe  has  recently 
observed  the  formation  of  taurin  under  very  interesting  circumstances. 
The  treatment  of  potassium  isethionate  with  phosphorus  pentachloride 
gives  rise  to  a  heavy  oily  liquid,  with  simultaneous  formation  of  hydro- 
chloric acid  and  phosphorus  oxycbloride.  This  oily  liquid,  the  so-called 
chloride  of  chlorethylsulphuric  acid,  C^H^CISO^CI,  when  mixed  with  water, 
yields  the  corresponding  acid,  chlorethylsulphuric  acid,  C^HgClSOj.  which 
on  digestion  with  an  excess  of  ammonia  at  100°,  produces  taurin:  CjH^ 
CISC,  -I-  -JNHj  =  NII^Cl  +  CjH^NSOj. 

Cholic  Acid,  C^^^fi^^  crystallizes  in  tetrahedrons.  It  is  soluble  in  sul- 
phuric acid,  and  on  the  addition  of  a  drop  of  this  acid  and  a  solution  of 
Hugar  (1  part  of  sugar  to  4  parts  of  water),  a  purple-violet  color  is  pro- 
duced, which  constitutes  Pettenkofer's  test  for  bile.  At  195°  C.  (383°  F.), 
it  loses  a  molecule  of  water,  and  is  converted  into  choloidic  acid,  which 
change,  as  already  pointed  out,  is  also  produced  by  ebullition  with  acids. 

Cholic  acid  is  best  obtained  by  boiling  the  resinous  mass  precipitated  by 
ether  from  the  alcoholic  solution^of  the  bile,  with  a  dilute  solution  of  potash 
for  24  or  36  hours,  till  the  amorphous  potassium-salt  that  has  separated 
begins  to  crystallize.  When  the  dark-colored  soft  mass  is  removed  from 
the  alkaline  liquid,  dissolved  in  water,  and  hydrochloric  acid  added,  a  little 
ether  causes  the  deposition  of  the  cholic  acid  in  crystals. 

The  principal  coloring  matter  of  the  bile  has  been  called  choUpyrrhin. 
When  dry  it  is  reddish-brown  and  uncrystallizable,  insoluble  in  water, 
more  soluble  in  alcohol,  which  becomes  yellow,  and  most  soluble  in  caustic 
alkali.  On  the  addition  of  nitric  acid  to  the  yellow  alkaline  solution,  a 
change  ensues.  It  passes  through  green,  blue,  violet,  and  red:  after  some 
time,  it  asrain  turns  yellow,  probably  in  consequence  of  a  gradual- process 
of  oxidation. 

Another  coloring  matter  has  been  called  bilwerdin.  It  is  dark-green, 
amorphous  without  taste  or  smell,  insoluble  in  water,  slightly  soluble  in 
alcohol,  but  soluble  in  ether.  Berzelius  considers  it  to  be  identical  with 
chlorophyl,  the  green  coloring  matter  of  leaves. 

.  According  to  the  researches  of  Strecker  and  Gundelach,  pigs'  bile  differs 
irom  the  bile  of  other  animals.  This  bile  contains  an  acid,  to  which  the 
name  of  gbfco-hyocholie  acid  has  been  given.  It  may  be  prepared  in  the 
following  manner:  fresh  pigs'  bile  is  mixed  with  a  solution  of  sodium  sul- 
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phate,  and  the  precipitate  obtained  is  dissoWed  in  absolute  alcohol,  and 
decolorized  by  animal  charcoal.  From  this  solution  ether  throws  down  a 
Bodium-saltf  which  on  addition  of  sulphuric  acid  jields  glvco-hyocholic 
acid  as  a  resinous  mass,  which  is  dissoWed  in  alcohol  and  re-precipitated 
by  water. 

Glyco-hyocholic  acid  contains  C^fTT^NOs.  When  heated  with  solutions 
of  the  alkalies,  it  undergoes  a  decomposition  perfectly  analogous  to  th.it 
of  glycocholic  acid,  splitting  up  into  glycocine  and  a  crystalline  acid,  rery 
soluble  in  alcohol,  less  so  in  ether,  which  has  been  termed  hyocholic  acid. 
This  substance  contains  C^H^Q^ ;  and  the  change  is  represented  by  the 
following  equation : 

C^H^NOj      +      H,0      ==      C^H^O^      +      C.HjNO, 
Glyco-hyocholic  Hyocholic  Glycocine. 

acid.  acid. 

When  boiled  with  acids,  glyco-hyocholic  acid  yields  likewise  glycocine, 
but  instead  of  hyocholic  acid,  a  substance  representing  the  dyslysin  of  the 
ordinary  bile,  which  might  be  termed  hyodyslysin.  The  composition  of 
hyodyslysin  is  CjjHjgOj  =  hyocholic  acid  minus  HjO. 

Pigs*  bile  contains  a  very  trifling  quantity  of  sulphur,  probably  in  the 
form  of  a  sulphuretted  acid  corresponding  to  taurocholic  acid  of  ox-bile. 
Strecker  believes  this  acid  to  contain  C^H^NSOg.*  it  might  be  called  tavro- 
hyocholic  acid;  when  boiled  with  an  alkali,  it  should  yield  taurin  and  hyo- 
cholic acid.  The  sulphuretted  acid  must  be  present  in  pigs*  bile  in  very 
minute  quantity;  it  is  even  less  known  than  taurocholic  acid. 

The  once  celebrated  oriental  bazoar  stones  are  biliary  calculi,  said  to  be 
procured  from  a  species  of  antelope:  they  have  a  brown  tint,  a  concentric 
structure,  and  a  waxy  appearance,  and  consist  essentially  of  a  peculiar 
and  definite  erystallizable  principle  called  Hthofellic  arid.  To  procure  this 
substance,  the  calculi  arc  reduced  to  powder  and  exhausted  with  boiling 
alcohol ;  the  dark  solution  is  decolorized  by  animal  charcoal,  and  left  to 
evaporate  by  gentle  heat,  whereupon  the  lithofellic  acid  is  deposited  in 
small,  colorless,  transparent  six-sided  prisms.  It  is  insoluble  in  water, 
and  sparingly  soluble  in  ether,  but  dissolves  with  ease  in  alcohol:  it  melis 
at  94-5®  C.  (Ii02°  F.),  and  at  a  higher  temperature  burns  with  a  smoky 
flame,  leaving  but  little  charcoal.  Lithofellic  acid  dissolves  without  decom- 
position in  concentrated  acetic  acid  and  in  oil  of  vitriol:  it  forms  a  soluble 
salt  with  potash,  and  dissolves  also  in  aqamonia,  but  crystallizes  out  un- 
changed on  evaporation.  By  analysis,  lithofellic  acid  is  found  to  consist 
of  r^HjjO^. 

The  liver  not  only  forms  bile  which  is  excreted,  but  it  also  effects  a  re- 
markable change  in  the  blood  that  passes  through  it.  M.  Bernard  dis- 
covered that  af^er  death,  sugar  could  be  detected  in  the  blood  from  the 
hepatic  vein,  whilst  no  sugar  was  found  in  blood  from  the  portal  vein.  In 
the  progress  of  his  researches  into  the  origin  of  this  sugar,  he  found  that 
a  glycogenic  substance  was  formed  in  the  substance  of  the  liver  itself,  and 
this  he  succeeded  in  extracting  and  isolating  (p.  694). 

Pancrkatic  Flfid  is  strongly  alkaline,  and  has  a  specific  gravity  of 
about  1008  to  1000,  containing  from  9  to  11  percent,  of  solid  constitu- 
ents; among  these  are  an  albuminous  substance  resembling  ptyalin.  to- 
gether with  leucine,  guanine,  xnnthine,  and  inosite,  and  about  1  percent,  of 
ash.  chiefly  chlorides  and  phosphates. 

It  has  throe  di.«tinct  action.s  —  first  on  Ftarch,  secondly  on  fat,  and  thirdly 
on  albuminous  matter  Starch  is  converted  into  sugar  more  energetically 
by  the  pancreatic  fluid  than  by  the  saliva.  Fat  is  changed  into  fatty  acid 
and  glycerin  at  a  temperature  of  35^;  and  boiled  albumin  and  fibrin  are 
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quickly  dissolved  at  the  same  temperature,  whilst  the  alkalescence  dis- 
tinctly remiiiiiB. 

Intestinal  Juice  is  a  colorless,  alkaline  fluid,  containing  from  3  to  4 
per  cent,  of  solid  constituents.  It  is  thought  to  be  caimble  of  dissolving 
fibrinous  substances  only. 

Chtle. — The  fluid  of  the  lacteal  vessels.  This  is  a  very  variable  fluid, 
milky,  and  feebly  alkaline.  Its  fibrin  begins  to  coagulate  when  tuken  from 
the  vessels,  in  five  to  twelve  minutes,  and  is  perfectly  coagulated  in  two  to 
four  hours.  The  coagulum  is  much  smaller  and  weaker  than  that  of  tho 
blood.  That  of  the  horse,  from  a  yellowish  color  changes  in  the  air  to 
light  red. 

The  albuminous  saline  serum  contains  very  finely  divided  molecules,  con- 
sisting of  the  minutest  particles  of  fatty  matter,  which  give  rise  to  the 
milkiness;  also  larger  chyle  globules,  and  colorless  blood  globules.  Thus 
the  chyle  approximates  in  composition  and  properties  to  the  blood. 

In  the  chyle  of  the  horse  there  was  found : 

Water 9100  to    96  00  per  cent. 

Fixed  constituents  ...  9  00  4  00  " 

Nuclei  and  cells          .         .         .  Variable. 

Fibrin 0-19  0-7  " 

Albumin 193  4-34  " 

Fat 1-89  0-53  «* 

Extractive  matter  free  from  salts  7-27  8  34  " 

Soluble  salts       .         .         .         .  7  49  6-78  " 

Insoluble         .        .         .     about  2*00 

Ltmph  is  the  name  given  to  the  fluid  in  the  lymphatic  vessels.  It  is 
colorless,  has  an  alkaline  reaction,  and  coagulates  in  from  four  to  twenty 
minutes.  It  closely  resembles  the  blood  without  the  blood  globules.  It 
contains  colorless  globules,  resembling  the  white  globules  of  the  blood. 
It  contains  much  less  albumin  and  fat  than  the  serum  of  the  blood,  but 
more  water,  and  proportionately  more  extractive  matter. 

Closely  resembling  this  fluid  is  that  poured  out  by  serous  membranes  and 
the  cellular  tissue.  It  has  been  called  ezsudaiion  fluids  and  may  be  divided 
into  fibrinous  and  non-fibrinous.  It  may  be  considered  as  the  scrum  of  the 
blood  with  or  without  fibrin,  which  is  far  more  cgmmonly  present  than  has 
been  supposed. 

Mucus  AND  Pus. — The  slimy  matter  effused  upon  the  surface  of  various 
mucous  membranes,  as  the  lining  of  the  alimentary  canal,  that  of  the  blad- 
der, of  the  nose,  lungs,  &c.,  to  which  the  general  name  mucus  is  given,  is 
so  small  in  quantity,  and  so  variable  in  consequence  of  any  irritation  of 
the  membranes,  that  it  is  difficult  to  characterize.  It  always  contains  more 
or  less  epithelium  and  mucous  cells.  It  contains  a  peculiar  nitrogenous 
principle  to  which  the  name  of  mucin  has  been  given  (p.  800). 

PiM,  the  natural  secretion  of  a  wounded  or  otherwise  injured  surface,  is 
commonly  a  creamy,  white,  or  yellowish  liquid,  which,  under  the  micro- 
scope, appenrs  to  consist  of  multitudes  of  minute  globules  floating  in  a 
serum.     It  is  neither  acid  nor  alkaline. 

The  pus  globules  are  distended  by  very  dilute  mineral  and  organic  acids: 
imperfectly  dissolved  by  alkalies,  leaving  the  membrane  of  the  cells  ad- 
hering in  a  gelatinous  mass.  This  cell  membrane  is  an  albuminous  6ub« 
stance,  soluble  in  very  dilute  ncids.  The  pus  serum  contains  more  or  less 
albumin,  in  all  respects  identical  with  that  of  the  blood  and  a  peculiar  sub- 
stance, pyin  (p.  800). 

The  quantity  of  fatty  substance  is  remarkable  in  pus,  varying  from  2  to 
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6  per  cent.  As  much  as  1  per  cent,  of  cholestcrin  has  been  found  to  be 
present;  but  neither  b^  this  nor  by  any  other  character  can  the  parage  of 
mucus  into  pus  be  determined. 

Milk. — Tlie  peculiar  special  secretion  destined  for  the  nourishment  of 
the  young  is,  so  far  as  is  known,  very  much  the  same  in  flesh-eating  ani- 
mals and  in  those  which  live  exclusively  on  vegetable  food.  The  prop>r- 
tions  of  the  constituents  may,  however,  sometimes  differ  to  a  considerable 
extent.  The  specific  gravity  varies  from  1  018  to  1-045.  It  will  be  sei^n 
hereafter  that  the  substances  present  in  milk  are  wonderfully  adapted  to 
the  office  of  providing  materials  for  the  rapid  growth  and  development  of 
the  animal  frame.  It  contains  an  azotized  matter,  casein  or  potassium  al- 
buminate, fatty  principles,  and  a  peculiar  sugar,  and  lastly,  various  salts, 
among  which  may  be  mentioned  calcium  phosphate,  held  in  complete  solu- 
tion in  a  slightly  alkaline  liquid.  This  last  is  e^pecially  important  to  a 
process  then  in  activity,  the  formation  of  bone. 

The  white,  and  almost  opaque,  appearance  of  milk  is  an  optical  illusion : 
examined  by  a  microscope  of  even  moderate  power,  it  is  seen  to  consist  of 
a  perfectly  transparent  fluid,  in  which  float  about  numbers  of  transparent 
globules :  these  consist  of  fat,  surrounded  by  an  albuminous  envelope,  vrbich 
can  be  broken  mechanically,  as  in  the  churning,  or  dissolved  by  the  chemi- 
cal action  of  caustic  potash,  after  which,  on  agitating  the  milk  with  ether, 
the  fat  can  be  dissolved. 

When  milk  is  suffered  to  remain  at  rest  some  hours  at  the  ordinarv  tem- 
perature  of  the  air,  a  large  proportion  of  the  fnt-globules  collect  at  the 
surface  into  a  layer  of  cream;  if  this  be  now  removed  and  exposed  for  some 
time  to  strong  agitation,  the  fat-globules  coalesce  into  a  mass,  and  the  re- 
maining watery  liquid  is  expelled  from  between  them  and  separated.  The 
buttfr  so  produced  must  be  thoroughly  washed  with  cold  water,  to  remove, 
as  far  as  possible,  the  last  traces  of  casein,  which  readily  putrefies,  and 
would  in  that  case  spoil  the  whole.     A  little  salt  is  usually  added. 

Ordinary  butter  still,  however,  contains  some  butter-milk,  and  when  in- 
tended for  keeping  should  be  elarififd,  as  it  is  termed,  by  fusion.  The 
watery  part  then  subsides,  and  carries  with  it  the  residue  of  the  azotized 
mntter.  The  flavor  is  unfortunately  somewhat  impaired  by  this  process. 
The  consistence  of  butter,  in  other  words,  the  proportions  of  solid  fat  and 
olein,  is  dependent  upon  the  season,  or  more  probably  upon  the  kind  of 
food ;  in  summer  the  oily  portion  is  always  more  considerable  than  in  win- 
ter. The  volatile  odoriferous  principle  of  butter,  bufyrin,  has  been  already 
referred  to. 

The  casein  of  milk,  in  the  state  of  cheese,  is  in  many  countries  an  im- 
portant article  of  food.  The  milk  is  usually  heated  to  about  49®  C.  (120®  F.). 
and  coagulated  by  rennetj  or  an  infusion  of  the  stomnch  of  the  calf  in 
water:  the  curd  is  carefully  separated  by  a  sieve  from  the  whey,  miseil 
with  a  due  proportion  of  salt,  and  sometimes  some  coloring  matter,  an<l 
then  subjected  to  strong  and  increasing  pressure.  The  fresh  cheese  jo 
prepared,  being  constantly  kept  cool  and  dry,  undergoes  a  particular  kin-1 
of  putrefactive  fermentation,  very  little  understood,  by  which  principles 
arc  generated  which  communicate  a  particular  taste  and  odor.  The  goou- 
iioss  of  cheese,  as  well  as  much  of  the  difference  of  flavor  perceptible  in 
different  samples,  depends  in  great  measure  upon  the  manipulation:  the 
best  kinds  contain  a  considerable  quantity  of  fat,  and  are  made  with  ncvr 
railk  :  the  inferior  descriptions  are  made  with  skimmed  milk. 

Some  of  the  Tartar  tribes  prepare  a  kind  of  spirit  from  milk  by  sufferii)<r 
it  to  ferment,  with  frequent  agitatioUr  The  casein  converts  a  part  of  the 
milk-sugar  into  lactic  acid,  and  another  pnrt  into  grape-sugar,  which  in 
turn  »iecomes  converted  into  alcohol.  Marc's  milk  is  said  to  answer  belter 
for  this  purpose  than  that  of  the  cow. 
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In  a  fresh  state,  and  taken  from  a  healthy  animal,  milk  is  always  feebly 
alkaline.  When  left  to  itself,  it  very  soon  becomes  acid,  and  is  then  found 
to  contain  lactic  acid,  which  cannot  be  discovered  in  the  fresh  milk.  The 
alkalinity  is  due  to  the  soda  which  holds  the  casein  in  solution.  In  this 
soluble  form  casein  possesses  the  power  of  taking  up  and  retaining  a  very 
considerable  quantity  of  calcium  phosphate.  The  density  of  milk  varies 
exceedingly:  its  quality  usually  bears  an  inverse  ratio  to  its  quantity. 
From  an  analysis  of  cow-milk  in  the  fresh  state  by  Haidlen,*  the  following 
statement  of  its  composition  in  1000  parts  has  been  deduced : 


Water    . 

.     873  00 

Butter 

•        •        •        1 

80  00 

Casein   . 

.       48-20 

Milk-sugar 

.         •         •         • 

43-90 

Calcium  phosphate 

2-31 

Magnesium     ** 

•        •        •        I 

0-42 

Iron                 "      . 

007 

Potassium  chloride 

•         •        •        • 

1-44 

Sodium            ** 

0-24 

Soda  in  combination  with  casein 

0-42 

100000 

Human  milk  is  remarkable  for  the  difficulty  with  which  it  coagulates :  it 
generally  contains  a  larger  proportion  of  sugar  than  cow-milk,  but  scarcely 
differs  in  other  respects.  i 


*  ABDalen  der  Chemie  und  Pbamutcie,  ziv.  203. 
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ON  THE  ANIMAL  TEXTURES. 


NERVOUS  SUBSTANCE;  OONTRACTILE  SUBSTANCE;  ELASTIC  TISSUE;  8KT\. 


Nervous  Substance. — The  brain  and  nerves  contain  protagon  (p.  803), 
cbolesterin,  and  albaminous  matter.  In  the  watery  extract  are  found  ere- 
atin,  uric  acid,  xanthine,  sarcine,  inosite,  lactic  acid ;  in  the  ash,  sulphuric 
and  phosphoric  salts,  especiallj  potassium  salts,  a  little  sodium  chloride, 
calcium  and  magnesium.  The  substance  yields  from  75  to  80  per  cent,  of 
water,  and  8  to  4  of  ash. 

Contractile  Substance. — This,  like  nerve  substance,  consists  of  many 
different  compounds.  It  contains  74  to  80  per  cent,  water,  and  26  to  20 
solid  constituents.  The  most  remarkable  of  these  is  syntonin,  Liebig*s 
fibrin  of  flesh  (see  p.  795).  Casein,  albumin,  creatin,  hypoxanthine,  uric 
acid,  and  fat  are  also  present.  The  solid  constituents  contain  4  to  5  per 
cent,  of  ash.  Potash,  soda,  lime,  magnesia,  sulphuric,  phosphoric,  and 
hydrochloric  acids  are  present. 

Elastic  Tissue  ;  Skin.  —  The  tendons  and  skin  consist  also  of  many  dif- 
ferent substances.  Of  these  elastin  (see  p.  802)  is  one  of  the  most  remark- 
able. A  cellular  tissue,  which  yields  gelatin  when  long  boiled,  is  another 
constituent.  These  two  principles  combine  with  tannic  acid,  forming 
leather. 

The  principle  of  tanning,  of  such  great  practical  value,  is  easily  ex- 
plained. When  the  skin  of  an  animal,  carefully  deprived  of  hair,  fat,  and 
other  impurities,  is  immersed  in  a  dilute  solution  of  tannic  acid,  the  cellu- 
lar and  elastic  tissues  gradually  combine  with  that  substance  as  it  pene- 
trates inwards,  forming  a  perfectly  insoluble  compound,  which  resists  pu- 
trefaction completely :  this  is  leather.  In  practice,  lime-water  is  used  for 
cleansing  and  preparing  the  skin,  and  an  infusion  of  oak-bark,  or  some- 
times catechu,  or  other  astringent  matter,  as  the  source  of  tannic  acid. 
The  process  itself  is  necessarily  a  slow  one,  as  dilute  solutions  only  can  be 
safely  used.  Of  late  years,  however,  various  contrivances,  some  of  which 
show  great  ingenuity,  have  been  adopted,  with  more  or  less  success,  for 
quickening  the  operation.  All  leather  is  not  tanned:  glove  leather  is 
dressed  with  alum  and  common  salt,  and  afterwards  treated  with  a  prepa- 
ration of  the  yolks  of  egfi^s.  which  contain  an  albuminous  matter  and  a 
yellow  oil.  Leather  of  this  kind  still  yields  a  size  by  the  action  of  boiling 
water. 

Bones.  —  At  the  age  of  21  years  the  weight  of  the  skeleton  is  to  that 
of  the  whole  body  as  10-5  to  100  in  man,  and  as  8-5  to  100  in  woman,  the 
weight  of  the  body  being  about  125  or  130  lbs.  Bones  are  constructed  of 
organic  matter  called  ossein,  which  yields  gelatin  on  boiling,  and  is  made 
stiflF  by  insoluble  earthy  salts,  of  which  calcium  phosphate,  (PO^),Ca''y  is 
the  most  abundant.  The  proportions  of  earthy  and  animal  matter  vary 
very  much  with  the  kind  of  bone  and  with  the  age  of  the  individual,  as 
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will  be  seen  in  the  following  table,  in  which  the  corresponding  bones  of  an 
ad  alt  and  of  a  still-born  child  are  compared : 

Adolt.  Child. 


r 

Inorganic 
matter. 

Orgnnic 
matter. 

Femur 

62-49 

8751 

Humerus     . 

63.02 

36-98 

Radius 

60-51 

89-49 

Os  temporum    . 
Costa . 

63-50 
57-49 

36  50 
42-51 

A 

Inorganic 

Organic 

matter. 

matter. 

57-51 

42-49 

5808 

41  -92 

56-50 

43-50 

55-90 

44  10 

53-76 

46-25 

The  bones  of  the  adult  are  constantly  richer  in  earthy  salts  than  those  of 
the  infant. 

The  following  complete  comparative  analysis  of  human  and  ox  bones  is 
due  to  Berzelius : 


Animal  matter  soluble  by  boiling    . 
Vascular  substance     . 
Calcium  phosphate,  with  a  little  "t     , 
calcium  fluoride       .         .      j   ' 
Calcium  carbonate      .         .         .         . 
Magnesium  phosphate     . 
Soda,  and  a  little  common  salt     . 


Human  bones. 

Ox  bones. 

82  17\ 
113/ 

33-30 

.      53  04 

57-35 

11-30 
1-16 
1-20 

3  85 
2  05 
3-45 

10000 


10000 


The  teeth  have  a  very  similar  composition,  but  contain  less  organic  mat- 
ter: their  texture  is  much  more  solid  and  compact.  The  enamel  does  not 
contain  more  than  2  or  8  per  cent,  of  animal  matter,  whilst  81  to  88  per 
cent,  of  calcium  phosphate  with  7  or  8  per  cent,  of  carbonate  are  present ; 
and  more  calcium  fluoride  than  in  the  bones. 


ON  CHEMICAL  FUNCTIONS  IN  ANIMALS. 


RESPIRATION,  DIGESTION,  NCITRITIOK. 


Kespieation.  —  The  simplest  Tiew  that  can  be  taken  of  a  respiratoix 
organ  in  an  air-breathing  animal,  is  that  of  a  little  membranous  bag,  patu- 
rated  with  moisture,  and  containing  air,  oyer  the  surface  of  which  mean- 
der minute  blood-Tcssels,  whose  contents,  during  the  passage,  are  thus 
subjected  to  the  chemical  action  of  the  air,  through  the  substnnce  of  the 
membranes,  and  in  virtue  Of  the  solubility  of  the  gaseous  matter  itself  in 
the  water  with  which  the  membranes  are  imbued.  In  some  of  the  lower 
classes  of  animals,  where  respiration  is  sluggish  and  inactiTe,  these  air- 
cells  are  few  and  larger;  but  in  the  higher  kinds  they  are  minute,  and 
greatly  multiplied  in  number,  in  order  to  gain  extent  of  surface,  each  com- 
municating with  the  external  air  by  the  windpipe  and  its  ramifications. 

Respiration  is  performed  by  the  agency  of  the  muscles  which  lie  between 
and  about  the  ribs,  and  by  the  diaphragm.  In  an  ordinary  respiration, 
from  22  to  43  cubic  inches  of  air  are  thrown  out.  It  has  been  said  that  as 
little  as  3  nnd  as  much  as  100  cubic  inches  have  been  expired.  By  a  forced 
effort,  ordinarily  from  60  to  60  cubic  inches  are  expelled,  and  after  a  full 
inspiration  possibly  from  100  to  800  cubic  inches  may  be  expired.  Even 
tiien  the  lungs  are  not  emptied  of  air.  The  residual  quantity  may  be  esti- 
mated at  from  40  to  2G0  cubic  inches.  After  an  ordinary  expiration  a  fur- 
ther quantity  of  air,  amounting  to  from  77  to  170  cubic  inches,  may  be 
expired,  and  after  an  ordinary  inspiration,  by  the  deepest  sigh,  from  119 
to  200  more  cubic  inches  may  be  drawn  into  the  lungs  Usually  about  15 
respirations  are  made  in  a  minute:  the  number,  however,  even  in  health, 
varies  from  9  to  20. 

The  expired  air  is  found  to  have  undergone  a  remarkable  change:  it  is 
loaded  with  aqueous  vapor,  while  a  very  large  proportion  of  oxygen  has 
disappeared,  and  its  place  been  supplied  by  carbon  dioxide,  air  once 
breathed  containing  enough  of  that  gas  to  extinguish  a  taper.  The  quan- 
tity of  this  gas  is  very  liable  to  variation;  usually  from  H-S  to  6*2  per 
cent  of  o-irbon  dioxide  is  found  to  be  present;  when  the  respirations  are 
few,  the  carbon  dioxide  is  greatest,  when  many,  least:  thus  with  6  respi- 
rations per  minute,  5  5  per  cent,  has  been  found:  with  48  respirations, 
2  9  per  cent.  A  full  meal,  cold  weather,  and  increased  barometric  pres- 
sure, increase  the  carbon  dioxide.  Heat,  alcohol,  tea,  and  diminished  pres- 
sure, lessen  the  carbon  dioxide ;  age  and  sex  produce  definite  effects.  It 
appears  most  probable  that  nitrogen  in  small  quantities  is  exhaled. 

Whatever  may  be  the  difficulties  attending  the  investigation  of  these  sub- 
jects,—  and  difficulties  there  are,  as  the  discrepant  results  of  the  experi- 
ments prove,  —  one  thing  is  clear:  namely,  that  quantities  of  hydrogen 
and  carbon  are  daily  oxidized  in  the  body  by  the  free  oxygen  of  the  atmos- 
phere, and  their  products  expelled  from  the  system  in  the  shape  of  water 
nnd  carbon  dioxide.  Now,  if  it  be  true  that  the  heat  developed  in  the  act 
of  combination  is  a  constant  quantity,  and  no  proposition  appears  more 
rcn8onable,  part  or  all  of  the  high  temperature  of  the  body  must  be  the 
result  of  this  exertion  of  chemical  force. 
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The  oxidation  of  combustible  matter  in  the  blood  is  effected  in  the  capil- 
laries of  the  whole  body,  not  in  the  lungs,  the  temperature  of  which  scarcely 
exceeds  that  of  the  other  parts.  The  oxygen  of  the  air  is  taken  up  in  the 
lungs,  and  carried  by  the  blood  to  the  distant  capillary  vessels;  by  the  aid 
of  which,  secretions,  and  all  the  mysterious  functions  of  animal  life,  are 
undoubtedly  performed:  here  the  combustion  takes  place,  although  how  this 
happens,  and  what  the  exact  nature  of  the  combustible  may  be,  beyond  the 
simple  fact  of  its  containing  carbon  and  hydrogen,  yet  remains  a  matter 
of  conjecture.  The  carbon  dioxide  produced  is  held  in  solution  by  the  now 
venous  blood,  and  probably  confers,  in  great  measure,  upon  the  latter  it« 
dark  color  and  deleterious  action  upon  the  nervous  system.  Once  more 
poured  into  the  heart,  and  by  that  organ  driven  into  the  second  set  of  capil- 
laries bathed  with  atmospheric  air,  this  carbon  dioxide  is  conveyed  out- 
wards, through  the  wet  membrane,  by  a  kind  of  false  diffusion^  constantly 
observed  under  such  circumstances  ;  while  at  the  same  time  oxygen  is,  by 
similar  means,  carried  inwards,  and  the  blood  resumes  its  bright-red  color, 
and  its  capability  of  supporting  life  Much  of  this  oxygen  is,  no  doubt, 
simply  dissolved  in  the  serum.  The  hasmoglobin  of  the  corpuscles,  becom- 
ing oxyhtemoglobin  in  the  arteries,  acts  as  a  carrier  of  another  portion 
(p  798).  Mulder  considers  the  fibrin  to  act  in  the  same  manner,  being 
true  fibrin  in  the  veins,  and,  in  part  at  least,  oxidized  in  the  arteries. 

It  would  be  very  desirable  to  show,  if  possible,  that  the  quantity  of  com- 
bustible matter  daily  burned  in  the  body  is  adequate  to  the  production  of 
the  heating  effects  observed.  Something  has  been  done  with  respect  to 
the  carbon.  Comparison  of  the  quantities  and  composition  of  the  food  con- 
sumed by  an  individual  in  a  given  time,  and  of  the  excretions,  shows  an 
excess  of  carbon  in  the  former  over  the  latter,  amounting,  in  some  cases, 
according  to  Liebig's  high  estimate,'*^  to  14  ounces:  the  whole  of  which  is 
thrown  off  in  the  state  of  carbon  dioxide,  from  the  lungs  and  skin,  in  the 
space  of  twenty -four  hours.  This  statement  applies  to  the  case  of  healthy, 
vigorous  men,  much  employed  in  the  open  air,  and  supplied  with  abundance 
of  nutritious  food.  Females,  and  persons  of  weaker  habits,  who  follow  in- 
door pursuits  in  warm  rooms,  consume  a  much  smaller  quantity :  their  res- 
piration is  less  energetic,  and  the  heat  generated  less  in  amount.  Those 
who  inhabit  very  cold  countries  are  well  known  to  consume  enormous  quan- 
tities of  food  of  a  fatty  nature,  the  carbon  and  hydrogen  of  which  are, 
without  doubt,  chiefly  employed  in  the  production  of  animal  heat.  These 
people  live  by  hunting:  the  muscular  exertion  required  quickens  and 
deepens  the  breathing;  while,  from  the  increased  density  of  the  air,  a 
greater  weight  of  oxygen  is  taken  into  the  lungs,  and  absorbed  into  the 
blood  at  each  inspiration.  In  this  manner  the  temperature  of  the  body  is 
kept  up,  notwithstanding  the  piercing  external  cold :  a  most  marvellous 
adjustment  of  the  nature  of  the  food,  and  even  of  the  inclinations  and  ap- 
petite of  the  man,  to  the  circumstances  of  his  existence,  enable  him  to  bear 
with  impunity  an  atmospheric  temperature  which  would  otherwise  injure 
him. 

The  carbon  consumed  in  respiration  in  one  day,  by  a  horse  moderately 
fed,  amounted,  in  a  valuable  experiment  of  M.  Boussingault,f  to  79  ounces; 
that  consumed  by  a  cow  to  71  ounces.  The  determination  was  made  in  the 
manner  just  mentioned,  viz.,  by  comparing  the  quantity  and  composition 
of  the  food. 

New  and  very  important  experiments  on  respiration  have  been  made  in 
Munich  by  Drs.  Pettenkofer  and  Voit. 

The  apparatus  was  large  enough  to  allow  a  man  to  breathe  and  move  as 
in  an  ordinary  dwelling-room  for  twenty-four  hours  at  least.     The  air 

•  Animal  Chomfstry.  p.  14. 

f  AnnalM  de  Ohlnile,  vol.  Ixxl.  pp.  136  and  137. 
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could  be  changed  to  the  extent  of  from  fifteen  to  seyenty-fire  cubic  meters 
an  hour:  the  chemical  difference  between  the  air  that  went  in  and  that 
which  came  out  was  determined. 

The  King  of  Bavaria  gave  about  $3000  for  the  construction  of  the  appa- 
ratus, and  it  acted  so  well  that  the  quantity  of  carbon  and  of  hydrogen  in 
a  stearin  candle  burnt  in  the  apparatus  could  be  determined  as  accurately 
by  the  quantity  of  carbon  dioxide  and  water  produced  as  by  an  organic 
analysis. 

A  dog  and  a  man  were  experimented  on.  In  the  dog  the  amount  of  car- 
bon dioxide  expired  was  least  after  ten  days  of  hunger;  when  a  full  diet 
of  flesh  and  fat  was  taken,  three  times  as  much  carbon  dioxide  was  pro- 
duced. The  urea  was  increased  twenty-two  times  as  much  as  during  star- 
yation. 

In  man  not  quite  one-third  more  carbon  dioxide  was  produced  when  full 
diet  was  taken  than  was  found  during  staryation. 

From  the  amount  of  carbon  dioxide  and  urea  formed  when  animal  food 
alone  was  taken,  it  appears  that  some  fatty  matter  must  be  produced  and 
retained  in  the  system. 

Starch  and  sugar  diet  do  not  appear  to  cause  a  deposit  of  fat  directly, 
though  they  may  do  so  indirectly. 

Careful  determination  of  the  amount  and  composition  of  the  food  and 
oxygen  consumed  led  to  the  belief  that  hydrogen  and  light  carburetted 
hydrogen  (CH^)  were  given  off  in  respiration.  This  is  fully  confirmed  by 
these  experiments.  It  follows  from  this  important  fact,  first,  that  the  car- 
bon dioxide  produced  cannot  be  looked  on  as  the  measure  of  the  amount 
of  oxygen  taken  from  the  air,  and  secondly,  that  hydrogen  cannot  be  as- 
sumed to  be  oxidixed  in  the  body  in  preference  to  carbon. 

In  a  paper  read  to  the  Academy  of  Sciences  at  Munich,  Noycmber,  1866, 
the  authors  give  their  latest  results.  They  find  that  the  proportion  of  car- 
bon dioxide  exhaled  to  oxygen  inhaled  is  much  greater  in  the  day  than  in 
the  night;  with  perfect  rest  day  and  night,  nearly  twice  as  much;  with 
ftctiye  motion  during  the  day,  nearly  three  times  as  much.  The  amount 
of  oxygen  taken  in  during  rest  by  day  is  only  half  as  much  as  is  taken 
in  at  night,  and  after  active  motion  the  amount  of  oxygen  taken  in  at 
night  is  still  more.  In  diabetes  the  proportion  of  carbon  dioxide  exhaled 
by  day  to  the  oxygen  inhaled  is  less  than  in  health  ;  at  night  the  amount 
of  oxygen  inhaled  may  be  less  than  half  the  amount  that  would  be  inhaled 
in  health.  When  one-third  of  the  blood  consisted  of  white  globules,  the 
proportion  of  carbon  dioxide  exhaled  to  oxygen  inhaled  by  day  was  much 
less  than  in  health,  and  the  amount  of  oxygen  taken  in  at  night  was  even 
less  than  is  taken  in  during  the  day. 

Digestion  and  Nutrition. — The  various  substances  of  which  the  food 
of  man  is  composed  must  become  finely  divided  in  order  to  admit  of  their 
passage  into  the  blood.  In  the  process  of  fine  division  or  solution  different 
substances  undergo  different  changes  in  the  alimentary  canal.  We  learn 
nothing  by  saying  that  the  food  is  converted  into  chyme,  and  the  chyme  is 
changed  into  chyle ;  but  each  animal  and  vegetable  substance  must  be  con- 
sidered separately,  as  regards  the  chnnges  it  undergoes  when  exposed  to 
the  action  of  the  different  fluids  which  constitute  the  saliva,  gastric  juice, 
bile,  pancreatic  juice,  and  intestinal  fluid. 

Shortly,  it  may  be  stated  that  mineral  substances,  when  exposed  to  these 
reagents,  are  but  little  changed. 

Hydrates  of  carbon,  as  cellulose,  gum,  starch,  sugar,  are  each  acted  on 
differently  by  different  secretions;  thus  cellulose  and  gum  are  probably 
not  changed.  Starch,  by  the  action  of  the  saliva  ond  pancreatic  fluid,  be- 
comes dextrin  and  glucose.     Cane-sugar  is  changed  by  gastric  juice  and 
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heat  into  glucose,  and  all  sugars  are  ultimately  changed  by  the  intestinal 
fluid  and  heat  into  acids. 

Fat  is  unchanged  by  the  saliva  and  gastric  juice ;  but  the  bile,  the  pan. 
creatic  and  intestinal  fluid,  change  the  fat  into  a  finely  divided  emulsion, 
but  effect  no  perfect  solution. 

Albuminous  substances,  as  albumin,  fibrin,  casein,  globulin,  undergo 
subdivision  and  solution  chiefly  in  the  stomach.  Each  of  these  substances 
is  chemically  changed  in  the  process  of  solution  by  the  gastric  juice  (p.  797) 
into  corresponding  peptones.  The  rate  of  change  and  of  solution  depends 
on  the  mechanical  subdivision  as  well  as  on  the  chemical  properties  of  the 
diflferent  substances  acted  on. 

Gelatinous  substances  are  changed  chemically  by  the  gastric  juice,  and 
thereby  lose  the  property  of  gelatinizing  when  cold.  But  this  change  is 
not  requisite  to  their  solution,  which  occurs  so  readily  that  these  sub- 
stances can  often  be  taken  as  food  when  albuminous  substances  would  re> 
main  in  the  stomach  undissolved. 

The  constant  and  unceasing  waste  of  the  animal  body  in  the  process  of 
respiration,  and  in  the  various  secondary  changes  therewith  connected, 
necessitates  an  equally  constant  repair  and  renewal  of  the  whole  frame  by 
the  deposition  or  organization  of  matter  from  the  blood,  which  is  thus 
gradually  impoverished.  To  supply  this  deficiency  of  solid  material  in  the 
circulating  fluid  is  the  office  of  the  food.  The  striking  contrast  which  at 
first  appears  in  the  nature  of  the  food  of  the  two  great  classes  of  animals, 
the  vegetable  feeders  and  the  carnivorous  races,  diminishes  greatly  on 
close  examination :  it  will  be  seen  that,  so  far  as  the  materials  of  blood,  or, 
in  other  words,  those  devoted  to  the  repair  and  sustenance  of  the  body  it- 
self, are  concerned,  the  process  is  the  same.  In  a  flesh-eating  animal  great 
simplicity  is  observed  in  the  construction  of  the  digestive  organs;  the 
stomach  is  a  mere  enlargement  of  the  short  and  simple  alimentary  canal ; 
and  the  reason  is  plain:  the  food  of  the  creature,  fle»h,  is  absolutely  iden- 
tical in  composition  with  its  own  blood,  and  with  tlie  body  that  blood  is 
destined  to  nourish.  In  the  stomach  it  undergoes  mere  solution,  being 
brought  into  a  state  fitted  for  absorption  by  the  lacteal  vessels,  by  which 
it  is  nearly  all  taken  up,  and  at  once  conveyed  into  the  blood :  the  excre- 
ments of  such  animals  are  little  more  than  the  comminuted  bones,  feathers, 
hair,  and  other  matters  which  refuse  to  dissolve  in  the  stomach.  The  same 
condition,  that  the  food  employed  for  nourishment  of  the  body  must  have 
the  same,  or  nearly  the  same,  chemical  composition  as  the  body  itself,  is 
really  fulfilled  in  the  case  of  animals  that  live  exclusively  on  vegetable 
substances.  It  has  been  shown  *  that  certain  of  the  azotized  principles  of 
plants,  which  often^ abound,  and  are  never  altogether  absent,  have  a  chem^ 
ioal  composition  and  assemblage  of  properties  which  assimilate  them  in 
the  closest  manner,  and  it  is  believed  even  identify  them,  with  the  azotized 
principles  of  the  animal  body :  vegetable  albumin,  fibrin,  and  caiiein  are 
scarcely  to  be  distinguished  from  the  bodies  of  the  same  name  extracted 
from  blood  and  milk. 

If  a  portion  of  wheaten  flour  be  made  into  a  paste  with  water,  and  cau- 
tiously washed  on  a  fine  metallic  sieve,  or  in  a  cloth,  a  grayish,  adhesive, 
elastic,  insoluble  substance  will  be  left,  called  gluten  or  gluiifif  and  a  milky 
liquid  will  pass  through,  which  by  a  few  hours'  rest  becomes  clear  by  de- 
positing a  quantity  of  starch.  If  now  this  liquid  be  boiled,  it  becomes 
again  turbid  from  the  production  of  a  flocculent  precipitate,  which,  when 
collected,  washed,  dried,  and  purified  from  fat  by  boiling  with  ether,  is 
found  to  have  the  same  composition  as  animal  albumin.  The  glut  in  itself 
is  a  mixture  of  true  vegetable  fibrin,  and  a  nmall  quantity  of  a  peculiar 
azotized  matter  called  gliadiny  to  which   its  adhesive  properties  are  due. 

•  Liebig^  Ann.  Ch.  Phiirm  xxxix.  VJ9. 
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The  gliadin  may  be  extracted  by  boiling  alcohol,  together  with  a  thick, 
fluid  oil,  which  is  separable  by  ether:  it  is  glney  and  adheaiTe,  quite  in- 
soluble in  water,  and  when  dry,  hard  and  translucent  like  horn ;  it  dis- 
solves readily  in  dilute  caustic  alkali,  and  also  in  acetic  acid.  The  fibrin 
of  other  grain  is  anaccompanied  by  gliadin:  barley  and  oatmeal  yield  no 
glut  in,  but  inadherent  filaments  of  nearly  pure  fibrin. 

Vegetable  albumin  in  a  soluble  state  abounds  in  the  juice  of  many  BofI 
succulent  plants  used  for  food :  it  may  be  extracted  from  potatoes  by  ma- 
cerating the  sliced  tubers  in  cold  water  containing  a  little  sulphuric  acid. 
It  coagulates  when  heated  to  a  temperature  dependent  upon  the  degree  of 
concentration,  and  cannot  be  distinguished  when  in  this  state  from  boiled 
white  of  egg  in  a  divided  condition. 

Almonds,  peas,  beans,  and  many  of  the  oily  seeds,  contain  a  principle 
which  bears  the  most  striking  resemblance  to  the  casein  of  milk.  When  a 
solution  of  this  substance  is  heated,  no  coagulation  occurs,  but  a  skin  forms 
on  the  surface,  just  as  with  boiled  milk.  It  is  coagulable  by  alcohol,  and 
by  acetic  acid,  the  last  being  a  character  of  importance.  Such  a  solution, 
mixed  with  a  little  sugar — an  emulsion  of  sweet  almonds,  for  instance  — 
and  left  to  itself,  soon  becomes  sour  and  curdy,  and  exhales  an  offensiTe 
smell :  it  is  then  found  to  contain  lactic  acid. 

All  these  substances  dissolve  in  caustic  potash,  with  production  of  a 
small  quantity  of  alkaline  sulphide :  the  filtered  solution  mixed  with  ex- 
cess of  acid  gives  precipitates  of  protein. 

The  following  is  the  composition  in  100  parts  of  vegetable  albumin  and 
fibrin :  it  will  be  seen  that  they  agree  very  closely  with  the  results  before 

given : 

Albumin.  Fibrin. 

Carbon 65  01  64  60 

Hydrogen 7-23  7-30 

Nitrogen 15-92  16  81 

Oxygen,  sulphur,  and  phosphorus       .         21  -84  22-29 


100-00  100-00 

The  composition  of  vegetable  casein,  or  Ugttmin^  has  not  been  so  well 
maiie  out :  so  much  discrepancy  appears  in  the  analyses  as  to  lead  to  the 
supposition  that  different  substances  have  been  operated  upon. 

The  great  bulk,  however,  of  the  solid  portion  of  the  food  of  the  herbi- 
voni  consists  of  bodies  which  do  not  contain  nitrogen,  and  therefore  can- 
not yield  sustenance  in  the  manner  described:  some  of  these,  as  vegetable 
fibre  or  lignin,  and  waxy  matter,  pass  unaltered  through  the  alimentary 
cnnnl;  others,  as  starch,  sugar,  gum,  and  perhaps  vegetable  fat,  are  ab- 
sorbed into  the  system,  and  afterwards  disappear  entirely:  they  are  sup- 
posed to  contribute  very  largely  to  the  production  of  animal  heat. 

On  these  principles,  Liebig*  made  the  now  doubtful  distinction  between 
what  he  ierm^  plastic  elrmentt  of  nulrition  and  elemmis  of  reynrathit.  In  the 
former  class  he  placed  — 

Vegetable  fibrin. 

Vegetable  albumin, 

Vegetable  casein, 

Animal  flesh, 

Blood. 


To  the  latter : 


Fat, 
Starch, 
Guui, 
Cane-sugar, 


Grape-sugar, 
Milk-sugar, 
Pectin, 
Alcohol  ? 


*  Auimal  Chemistry,  p.  98. 
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When  the  muscular  mdyemenlB  of  a  healthy  animal  are  restrained,  a 
genial  temperature  kept  up,  and  an  ample  supply  of  food  containing  much 
amylaceous  or  oily  matter  given,  an  accumulation  of  fat  in  the  system  rap- 
idly takes  place :  this  is  well  seen  in  the  case  of  stall-fed  cattle.  On  the 
other  hand,  when  food  is  deficient,  and  much  exercise  is  taken,  emaciation 
results.  These  effects  are  ascribed  to  differences  in  the  activity  of  the 
respiratory  function:  in  the  first  instance,  the  heat-food  is  supplied  faster 
than  it  is  consumed,  and  hence  accumulates  in  the  form  of  fat ;  in  the 
second,  the  conditions  are  reversed,  and  the  creature  is  kept  in  a  state  of 
leanness  by  its  rapid  consumption.  The  fat  of  an  animal  appears  to  be  a 
provision  of  Nature  for  the  maintenance  of  life  during  a  certain  period 
under  circumstances  of  privation. 

The  origin  of  fat  in  the  animal  body  was  at  one  time  the  subject  of  much 
discussion.  On  the  one  hand  it  was  contended  that  satisfactory  evidence 
exists  of  the  conversion  of  starch  and  saccharine  substances  into  fat,  by 
separation  of  carbon  and  oxygen,  the  change  somewhat  resembling  that 
of  vinous  fermentation ;  it  was  argued  on  the  other  side,  that  oily  or  fatty 
matter  is  invariably  present  in  the  food  supplied  to  the  domestic  animals, 
and  that  this  fat  is  merely  absorbed  and  deposited  in  the  body  in  a  slightly 
modified  state.  The  question  has  been  decided  in  favor  of  the  first  of  these 
views,  which  was  enunciated  by  Liebtg,  by  the  very  chemist  who  formerly 
advocated  the  second  opinion.  By  a  series  of  very  beautiful  experiments, 
MM.  Dumas  and  Milne  Edwards  proved  that  bees  exclusively  feeding  upon 
sugar  were  still  capable  of  producing  wax,  which  is  known  to  be  a  veri- 
table fat. 

The  food  of  animals,  or  rather  that  portion  of  the  food  which  is  destined 
to  the  repair  and  renewal  of  the  frame  itself,  is  thus  seen  to  consist  of  sub- 
stances identical  in  composition  with  the  body  it  is  to  nourish,  or  requir- 
ing  but  little  chemical  change  to  become  so. 

The  ohetnical  phenomena  observed  in  the  animal  system  resemble  so 
far  those  produced  out  of  the  body  by  artificial  means,  that  they  are  all,  or 
nearly  all,  so  far  as  is  known,  changes  in  a  descending  series.  Albumin 
and  fibrin  are  probably  more  complex  compounds  than  gelatin  or  the  mem- 
brane which  furnishes  it:  this,  in  turn,  has  a  far  greater  complexity  of 
constitution  than  urea,  which  contains  most  of  the  asotixed  matter  that  is 
rejected  from  the  body.  The  animal  lives  by  the  assimilation  into  its  own 
substance  of  the  most  complex  and  elaborate  products  of  the  organic  king- 
dom ;  —  products  which  are,  and,  apparently,  can  only  be,  formed  under 
the  influence  of  vegetable  life. 

The  existence  of  the  plant  is  maintained  in  a  manner  strikingly  dissimi- 
lar:—  the  food  supplied  to  vegetables  is  wholly  inorganic ;  the  carbon  di- 
oxide and  nitrogen  of  the  atmosphere ;  the  water  which  falls  as  rain,  or  is 
deposited  as  dew;  the  minute  traces  of  ammoniacal  vapor  present  in  the 
air;  the  alkali  and  saline  matter  extracted  from  the  soil; — such  are  the 
substances  which  yield  to  plants  the  elements  of  their  growth.  That  green 
healthy  vegetables  do  possess,  under  circumstances  to  be  mentioned  imme- 
diately, the  property  of  decomposing  carbon  dioxide  absorbed  by  their 
leaves  from  the  air,  or  conveyed  thither  in  solution  through  the  medium 
of  their  roots,  is  a  fact  positively  proved  by  direct  experiment,  and  ren- 
dered certain  by  considerations  of  a  very  stringent  kind.  To  effect  this 
very  remarkable  decomposition,  the  influence  of  light  is  indispensable;  the 
diffused  light  of  day  suffices  in  some  degree,  but  the  dir.ect  rays  of  the  sun 
grearly  exalt  the  activity  of  the  process.  The  carbon  separated  in  this 
manner  is  retained  in  the  plant  in  union  with  the  elements  of  water,  with 
which  nitrogen  is  also  sometimes  associated,  while  the  oxygen  is  thrown 
off  into  the  air  from  the  leaves  in  a  pure  and  gaseous  condition. 

The  effect  of  ammoniacal  salts  upon  the  growth  of  plants  is  so  remark- 
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able  as  to  leare  little  room  for  doubt  concerning  the  peculiar  funetiona  of 
the  ammonia  discovered  in  the  air.  Plants  which  in  their  cultiTated  state 
contain,  and  consequently  require,  a  larger  supply  of  nitrogen,  as  wheat, 
and  the  cereals  in  general,  are  found  to  be  greatly  benefited  by  the  appli- 
cation to  the  land  of  such  substances  as  putrefied  urine,  which  may  be 
looked  upon  as  a  solution  of  ammonium  carbonate,  or  of  guano,  which  is 
the  partially  decomposed  dung  of  birds,  found  in  immense  quantities  on 
some  of  the  barren  islets  of  the  western  coast  of  South  America,  as  thai 
of  Peru.  More  recently,  similar  deposits  have  been  found  on  the  coast  of 
Southern  Africa.  The  guano  now  imported  into  England  from  these  locali- 
ties is  usually  a  soft,  brown  powder,  of  various  shades  of  color.  White 
specks  of  bone-earth,  and  sometimes  masses  of  saline  matter,  may  be  found 
in  it.  That  which  is  most  recent,  and  probably  most  valuable  as  manure, 
often  contains  undecom posed  uric  acid,  besides  much  ammonium  oxalate 
or  chloride,  filkaline  phosphates,  and  other  salts :  it  has  a  most  ofiTensire 
odor.  The  specimens  taken  from  older  deposits  have  but  little  smell,  are 
darker  in  color,  contain  no  uric  acid,  and  much  less  ammoniacal  salt ;  the 
chief  components  are  bone-earth,  a  peculiar  dark-colored  organic  matter, 
and  soluble  inorganic  salts.     (See  also  p.  724). 

Upon  the  members  of  the  vegetable  kingdom  thus  devolves  the  duty  of 
building  up,  as  it  were,  out  of  the  inorganic  constituents  of  the  atmos- 
phere,  —  the  carbon  dioxide,  the  water,  and  the  ammonia, — the  numerous 
complicated  organic  principles  of  the  perfect  plant,  many  of  which  are 
afterwards  destined  to  become  the  food  of  animals,  and  of  man.  The  chem- 
istry of  vegetable  life  is  essentially  a  process  of  reduction  caused  by  the 
action  of  light,  but  the  mode  in  which  this  is  effected  is  at  prei>ent  by  no 
means  made  out.  One  thing,  however,  is  manifest,  namely,  the  wonderful 
relations  between  the  two  orders  of  organized  beings,  in  virtue  of  which 
the  rejected  and  refuse  matter  of  the  one  is  made  to  constitute  the  essen- 
tial and  indispensable  food  of  the  other.  While  the  animal  lives,  it  exhales 
incessantly  from  its  lungs,  and  often  from  its  skin,  carbon  dioxide;  when 
it  dies,  the  soft  parts  of  the  body  un(|ergo  a  series  of  chemical  changes  of 
degradation^  which  terminate  in  the  production  of  carbon  dioxide,  water, 
ammonium  carbonate,  and,  perhaps,  other  products  in  small  quantity. 
These  are  taken  up  by  a  fresh  generation  of  plants,  which  may  in  their 
turn  serve  for  food  to  another  race  of  animals. 
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HYDROMETER  TABLES. 


COMPAKIBON    OV    THB  DEGREES    OF    BAUMB's    HTDBOMETEB    WITH    THE  &EAL 

SPECIFIC    GBAVITIE8. 

1.  For  Liquids  heavier  than  Water, 


Degrees. 

Bpeciflo 
Gravity. 

Degrees. 

Specific 
Gravity. 

Degrees. 

Specific 
Gravity. 

0 

1000 

26 

1-206 

62 

1-520 

1 

1007 

27 

1-216 

63 

1-535 

2 

1013 

28 

1-225 

54 

1-5&1 

8 

1020 

29 

1-235 

65 

1-667 

4 

1027 

80 

1-245 

66 

1-688 

5 

1034 

81 

1-256 

67 

1-600 

6 

1041 

82 

1-267 

68 

1-617 

7 

1048 

33 

1-277 

69 

1-634 

8 

1056 

84 

1-288 

60 

1-662 

9 

1.063 

85 

1-299 

61 

1-670 

10 

1070 

36 

1-310 

62 

1-689 

11 

1078 

87 

1-321 

63 

1-708 

12 

1085 

38 

1-333 

64 

1-727 

13 

1094 

39 

1-345 

66 

1-747 

14 

1101 

40 

1-357 

66 

1-767 

15 

1109 

41 

1-369 

67 

1-788 

16 

1118 

42 

1-381 

68 

1-809 

17 

1126 

48 

1-395 

69 

1-831 

18 

1-184 

44 

1-407 

70 

1-854 

19 

1143 

45 

1-420 

71 

1-877 

20 

1152 

46 

1-434 

72 

1-900 

21 

1160 

47 

1-448 

73 

1-944 

22 

1169 

48 

1-462 

74 

1-949 

23 

1-178 

49 

1-476 

75 

1-974 

24 

1188 

60 

1-490 

76 

2-000 

26 

1197 

61 

1-495 

1 

827 


828 
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2.  Baumfs  Hydrometer  for  Liquidt  lighter  than  Water, 


DegTMft. 

Specific 
Gravity. 

D^^reet. 

Specific 
Gravity. 

1 

Degrees. 

Specific 
Graritj. 

10 

1000 

27 

0-896 

44 

0-811 

11 

0-993 

28 

0-890 

45 

0-807 

12 

0-986 

29 

0-885 

46 

0-802 

18 

0-980 

30 

0-880 

47 

0-798 

14 

0-973 

31 

0-874 

48 

0-794 

15 

0-967 

32 

0-869 

49 

0-789 

16 

0-960 

83 

0-864 

50 

0-785 

17 

0-954 

84 

0-859 

51 

0781 

18 

0-948 

35 

0-854 

52 

0-777 

19 

0-942 

36 

0-849 

53 

0-773 

20 

0-936 

37 

0^44 

54 

0-768 

21 

0-930 

38 

0-839 

55 

•     0-764 

22 

0-924 

39 

0-834 

56 

0-760 

23 

0-918 

40 

0-830 

57 

0-757 

24 

0-913 

41 

0-825 

58 

0-753 

25 

0-907 

42 

0-820 

59 

0-749 

26 

0-901 

43 

0-816 

60 

0-745 

These  two  tables  are  on  the  authority  of  Francoeur ;  they  are  taken  from 
the  Handworierbuek  der  Chemie  of  Liebig,  Poggendorff,  and  Wohler.  Baum^'s 
hydrometer  is  very  commonly  used  on  the  Continent,  especially  for  liquids 
heavier  than  water.  For  lighter  liquids  the  hydrometer  of  Cartier  is  often 
employed  in  France.     Cartier's  degrees  differ  but  little  from  those  of  Baum^. 

In  the  United  Kingdom,  Twaddell's  hydrometer  is  a  good  deal  used  for 
dense  liquids.  This  instrument  is  so  grnduated  that  the  real  specific  graT- 
ity  can  be  deduced  by  an  extremely  simple  method  from  the  degree  of  the 
hydrometer;  namely,  by  multiplying  the  latter  by  5,  and  adding  1000;  the 
sum  is  the  specific  gravity,  water  being  1000.  Thus  10^  Twaddle  indicates 
a  specific  gravity  of  1050,  or  105;  90<>  Twaddell,  1450,  or  1-46. 

In  the  Customs  and  Excise,  Sikes's  hydrometer  is  used. 
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Temperatura. 

Temperatnro. 

Temperature. 

Force. 

Foroe. 

Foroe. 

Fah. 

Cent. 

Fab. 

Cent. 

Fab. 

Cent. 

320 

Oo-O 

0-200 

570 

130-88 

0-474 

90O 

820-2 

1-86 

33 

0°-56 

0-207 

58 

140.4 

0-490 

96 

860 

1-58 

34 

lo-i 

0-214 

59 

150 

0-507 

100 

370.77 

1-86 

35 

l°-66 

0-221 

60 

150.5 

0-524 

105 

400.5 

218 

36 

2<»-2 

0-229 

61 

I60.I 

0-542 

110 

4303 

2-53 

37 

20.77 

0-237 

62 

160-66 

0-560 

115 

460-1 

2-92 

38 

8«>-3 

0-245 

68 

1702 

0-578 

120 

480-88 

8-83 

39 

80-88 

0254 

64 

170.77 

0-597 

125 

510-66 

8-75 

40 

40.4. 

0268 

65 

I808 

0-616 

1.30 

540.4 

4-34 

41 

50 

0-278 

66 

180-88 

0-685 

135 

570-2 

500 

42 

5°  55 

0-288 

67 

190.4 

0-665 

140 

6O0 

5-74 

43 

60-1 

0-294 

68 

20« 

0-676 

145 

620-77 

6-58 

44 

6° -66 

0-805 

69 

200.55 

0-698 

150 

66<>-5 

7-42 

46 

70.2 

0-816 

70 

210.1 

0-721 

160 

7101 

9-46 

46 

70.77 

0-828 

71 

210.66 

0-745 

170 

760-66 

12-13 

1  47 

80-3 

0-839 

72 

22«-2 

0-770 

180 

82«-2 

15-16 

48 

80-88 

0-851 

73 

22«-77 

0-796 

190 

870.77 

1900 

i9 

90-4 

0-863 

74 

230.3 

0-823 

200 

930.8 

23-64 

50 

100 

0-375 

75 

230.88 

0-851 

210 

98°  88 

28-84 

51 

10<>-55 

0-888 

76 

24«-4 

0-880 

212 

100° 

8000 

52 

11®1 

0  401 

77 

250 

0-910 

220 

1040-4 

84-99 

53 

ll«-66 

0-415 

78 

250.5 

0-940 

230 

1100 

41-75 

54 

120.2 

0-429 

79 

260-1 

0-971 

240 

115°-5 

4967 

55 

120-77 

0448 

80 

260.66 

1-000 

250 

121°1 

58-21 

66 

18°  8 

0-458 

85 

290.44 

11 70 

8oa 

148«88 

111-81 

70 


830 
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TABLE 

yf  TMl  PBO  POST  ION  BT  WSIQHT  OP  ABSOLUT  1  OR  BBAL  ALCOHOL  IB  100  PAETS 
OP    SPIRITS   OP    DIPFEBBIIT   SPECIFIC   QBAVITIEB.       (POWHES.) 


8p.  Gr.  At  W 
(lfi^6C). 

Per  fseot. 
of  real 
AloohoL 

0-5 

Sp.  Ot.  at  OOP 

(15<»-5C.) 

Per  cent. 

of  real 

Alcohol. 

Sp.  Or.  at  W» 

PercMDl 

of  real 

AlcnhoL 

0-9991 

0-9511 

34 

0-8769 

68 

0-9981 

1 

.      0-9490 

36 

0-8745 

69 

09965 

2 

0-9470 

36 

0-8721 

70 

0-9947 

8 

0-9462 

87 

0-8696 

71 

0-9930 

4 

0-9434 

38 

0-8672 

72 

0-9914 

5 

0-9416 

89 

0-8649 

73 

0-9898 

6 

09396 

40 

0-8625 

74 

0-9884 

7 

0-9376 

41 

0-8G03 

75      1 

0-9869 

8 

0-9366 

42 

0-8681 

76 

0-9866 

9 

09335 

43 

0-8657 

77 

0-9841 

10 

0-9314 

44 

0-8633 

78 

0-9828 

11 

0-9292 

46 

0-8608 

79 

0-9816 

12 

0-9270 

46 

0-8483 

80 

0-9802 

18 

0-9249 

47 

0-8469 

81 

0-9789 

14 

0-9228 

48 

0-8434 

82 

0-9778 

15 

0-9206 

49 

0-8408 

83 

0-9766 

16 

0-9184 

50 

0-8382 

84 

0-9768 

17 

0-9160 

51 

0-8367 

85 

0-9741 

18 

0  9135 

52 

0-8331 

86 

0-9728 

19 

0-9113 

58 

0-8305 

87 

0-9716 

20 

0-9090 

54 

0-8279 

88 

0-9704 

21 

0-9069 

55 

0  8254 

89 

0-9691 

22 

09047 

66 

0-8228 

90 

0-9678 

23 

0-9025 

67 

0-8199 

91 

0-9665 

24 

0-9001 

58 

0-8172 

92 

0-9662 

26 

08979 

69 

0-8146 

93 

0-9638 

26 

0-8966 

60 

0-8118 

94 

09628 

27 

0-8932 

61 

0-8089 

95 

0-9609 

28 

0-8908 

62 

0-8061 

96 

0-9598 

29 

0-8886 

63 

0-8031 

97 

0-9678 

80 

0-8863 

64 

0-8001 

98      ■ 

0-9660 

81 

0-8840 

66 

0-7969 

99 

0-9644 

82 

0-8816 

66 

0-7988 

100 

0-9528 

88 

0-8798 

67 

1 
1 
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TABLE 

OP   THE    PROPORTION    BT  VOLUME  OF  ABSOLUTE    OR  REAL  ALCOHOL  IN  100  VOL- 
UMES OF    SPIRITS  OF    DIFFERENT    SPECIFIC    GRAVITIES  (OAY-LUSSAC)  AT  69° 

F.   (16<>C.) 


100  Tol.  Spirits. 


Spec.  OraT. 


10000 
0  9986 
0-9970 
0-99o6 
0  9942 
0-9929 
0-9916 
0-9903 
0-9891 
0-9878 
09867 
0-9856 
0-9844 
0-9833 
09822 
0-9812 
0  9802 
0  9792 
0-9782 
0-9773 
09763 
0-9758 
0-9742 
0-9732 
0-9721 
0-9711 
0-9700 
0-9690 
09679 
0-9668 
0-9657 
0-9645 
0-9633 
0-9621 


Contiiin 
Tol.  of 

Toil] 

Alcohol. 


0 

1 

2 
8 
4 
6 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
81 
32 
33 


100  Tol.  Spirits. 

GoDtain 

Sp«c.  Grar. 

vol.  of 
real 

AIcoliol 

09608 

34 

0-9594 

35 

0-9581 

36 

0-9567 

87 

0  9553 

38 

0-9538 

39 

0-9523 

40 

0-9507 

41 

0-9191 

42 

0-9474 

48 

0-9457 

44 

0-9440 

45 

0-9422 

46 

0-9404 

47    • 

0-9386 

48 

0-9367 

49 

0-0348 

60 

0-9329 

61 

0-9309 

62 

0-9289 

63 

0-9269 

54 

0-9248 

66 

0-9227 

66 

0-9206 

57 

0-9186 

68 

0-9163 

69 

0-9141 

60 

0-9119 

61 

0-9096 

62 

0  9073 

63 

0-9050 

64 

0-9027 

65 

0-9004 

66 

0-8980 

67 

100  vol.  Spirits. 


Spec.  Grar. 


0-8956 
0-8932 
0-8907 
0-8882 
0-8857 
0-8831 
0-8805 
0-8779 
0-8753 
0-8726 
0-8699 
0-8672 
0-8646 
0-8617 
0-8689 
0-8560 
0-8631 
0-8502 
0-8472 
0-8442 
0-8411 
0-8379 
0-8346 
0-8312 
0  8278 
0  8242 
0-8206 
0-8168 
0-8128 
0-8086 
0-8042 
0-8006 
0-7947 


Contain 
vol.  of 

real 
Alcohol. 


68 
69 
70 
71 
72 
73 
74 
76 
76 
77 
78 
79 
80 
81 
82 
83 
84 
86 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 


ANALYSES  OF 


Vichy, 

Bnu, 

Sflltens 

K*rto- 

Kariabail. 

SOUTM,      .      . 

France. 

MaflMU. 

Naawn. 

brttttoea. 
SUMia    • 

Bubmia.  ; 

Name  of  Spring,    . 

pQits 
Carrt. 

Kemel- 
brunnen. 

*    • 

1 

■ 
•    • 

^mdeL 

Calcium          .... 

1171 

59  4 

113-9 

2418 

125-0 

Barium 

• 

•  •• 

0  8 

01 

•  •• 

•  •• 

Strontium 

1-7 

0-6 

1-4 

••• 

0  5 

Magnesium 

64-2 

29-3 

61-2 

7-4 

50-3 

Sodium 

18140 

1122-9 

1232-9 

•  •• 

179S0 

Potassium 

162-7 

84-7 

47-8 

•  •• 

«•• 

Lithium 

•  •• 

•  •• 

trace 

•  •• 

•  •• 

Aluminium 

•  •• 

trace 

trace 

•  •  • 

trace 

Iron       .... 

2a 

1-6 

trace 

31-9 

1-7 

Manganese 

trace 

0-2 

trace 

•  •• 

0-4 

Chlorine 

324-8 

487  0 

1388-6 

14-1 

6302 

Bromine     . 

... 

*•• 

•  •« 

•  •• 

...    ! 

Iodine  .... 

••• 

•  ■• 

•  •  • 

•  ■• 

1 

Fluorine     . 

... 

01 

1-5 

•  •• 

^•^  1 

Carbonic  acid  (CO,) 

241o0 

952-0 

763  8 

&78-8 

1028-5  ' 

Sulphuric  acid  {S0^) 

196-8 

38-7 

28-4 

396 

17491 

Nitric  acid  (NO.) 
Phosphoric  acid  ( PO4) 

•  •• 

••. 

... 

■  •• 

0-4 

16-7 

••• 

0-4 

•  •■ 

0-4 

Arsenic  acid  (AsOJ 

10 

%•• 

•  •• 

•  *• 

•  «• 

Silicic  acid  (SiOg) 

68  0 

58  9 

89-2 

72-1 

751 

Sulphur 

•  ■• 

•  a. 

•  ■• 

■  •• 

••• 

Organic  Matter 

•  •• 

.«. 

*•  • 

•  •* 

•  •• 

Total  solid  constituents  in  ^ 
1,000,000  parts  .         .     / 

51840 

27807 

86591 

785-7 

54661 

Oaseoua    Conttituentt  —  in' 

cubic     centimetres     per 

litre   at  0*»  C.    and   760  ' 

mm.  bar. : 

Carbon  dioxide 

445 

93 

1087 

406 

1100 

Nitrogen     . 

•  •• 

0-4 

•  •• 

•  •• 

«•• 

Ether      .... 

•  •• 

•  •• 

•  •• 

•  •• 

•  •• 

Hydrogen  sulphide 

•  •• 

■  •  • 

•  •• 

•  •• 

•  •• 

Temperature  (Cent.)     . 

48-750 

46*> 

15<» 

80 

740 

Specific  gravity 

■  •• 

10034 

•  •  • 

•  ■• 

1-00497 

Analysts 

• 

• 

Bou- 
quet 

Meiss- 
ner 

Berxc- 

lius    < 

1 

J 


832 


MINERAL  WATERS. 


Pallna, 

S«id8chats 

Seidlits, 

Bath. 

Chelten- 

Harrow- 

Wheal 

CS                     A. 

Bobemia. 

Boheiuiii. 

Bobeiuia. 

ham. 

gute- 

Cliflord. 
Cornwall. 

Saratoga. 

•    « 

Chief 

Chief 

King's 

RoyHl 

Old  Sul- 

^M 

Spring. 

Spring. 

Bath. 

Well. 

phur  Well. 

•     • 

Congress. 

139-6 

385-8 

722-9 

386-7 

179-5 

493-8 

1163-6 

406-5 

•  •• 

•  •• 

•  •• 

••• 

•  •• 

•  •• 

•  •  a 

•  •  • 

•  •  • 

•  •■ 

•  •  • 

••• 

•  «* 

•  •• 

•  •• 

6-6 

8319-0 

2813-7 

2918-6 

53-9 

8-1 

198-7 

81-9 

209-3 

6222  0 

1974-0 

••« 

160-0 

2701-4 

4940-4 

2042  2 

2184-4 

344-0 

239  6 

•«• 

29-8 

•  •  ■ 

479-7 

111.2 

160  7 

««■ 

*•• 

••■ 

•  •• 

•  •• 

•  •• 

618 

•  •• 

•  •• 

*■•  • 

••  • 

•  •• 

•  •• 

... ) 

•6 

•  •• 

^andCOsf 
C    24-9: 

••• 

7-4 

4-1 

...  \ 

traces 

1-4 

•  •  • 

« •  • 

•  •  • 

••• 

...J 

1-7 

1913-3 

2111 

292  0 

266-3 

2066-7 

9187-4 

6682-6 

1506-6 

•  •  • 

trace 

•<• 

••• 

23-2 

•  •  • 

■  •• 

6-3 

•  •• 

4-3 

••• 

•  •  • 

••• 

•  ■• 

*•  • 

•2 

•  •• 

•  •  • 

463-7 

904-0 

•  •  • 

86-9 

639-6 

104-8 

•  •  • 

•  •  • 

•  •• 

•  •  • 

656-2 

14273-4 

11668-6 

1029-5 

2259-1 

182 

128  8 

1313  2 

211640 

27460 

*•• 

•  »• 

•  •• 

•  •  • 

•  •  • 

12-2 

•  •• 

•  •  * 

•  •  • 

•  •• 

2-6 

*•• 

•  •  • 

•  ■• 

0-3 

•  •• 

•  •• 

•  •  • 

•  •  • 

%•  • 

•  •• 

•  a  • 

22-9 

4-7 

•  •• 

42-6 

14-5 

8-4 

660 

19-2 

•  •• 

•  •  • 

•  •  • 

•  •  • 

•  B  • 

87-7 

•  •  • 

•  •a 

•  •  • 

•  •  • 

•  •• 

•  »• 

240-7 

•  •  • 

•  ■• 

•  •• 

32771-3 

28141-2 

16406-0 

2062- 1 

8139-4 

16513-9 

9232-5 

6777-9 

69 

200 

•  •• 

91-6 

125 

80-8 

•  •• 

69-6 

•  •  • 

•  •  • 

•  •• 

•  •  « 

•  •• 

10-6 

•  •  • 

•  •m 

•  •• 

*■  ft 

•  •• 

■  •  • 

•  •■ 

21-3 

■  •  • 

•  •• 

*•• 

•  •  • 

■  •  • 

•  •  • 

•  •  • 

19-6 

•  •  • 

*•  • 

•  •• 

•  •  • 

*•• 

•  •• 

14° 

9*> 

62° 

10- 

•  •  • 

•  •• 

•  •• 

■  •  • 

1-0064 

1-01113 

1-007 

•  >• 

Struve 

Berze- 

Nau- 

Merck 
and  Gal- 

Abel 
and 

Her- 

Miller 

Schwei- 

lius 

mann 

loway 

Rowney 

mann 

tzer 

833 


ANALYSES 
FRESH  SPRING  AND 


8oaro«f    .    .    . 


(%i1ciiim 
,  Mai^iiesium 
Sodium 
i  Potassium 

Iron      .         .         .         . 
Alumina  and    Ferric  ) 
oxide     .         .  / 

Chlorine 

Carbonic  acid  (COg) 
Sulphuric  acid  (SO.)     . 
Nitric  acid  (NO,)       . 
Phosphoric  acid   (PO^) 
Silicic  acid  (SiOg) ' 
Organic  matter 

Total  solid  constitu-1 
ent  in  1,000,000  V 
parts.      .         .       j 

Gateous  eonttituents, 
cub.  cent,  per  litre : 

Carbon  dioxide 

Oxygen      . 

Nitrogen 

Temperature     . 
Specific  gravity     . 
Hardness  . 


I  Analysis 


Spring:  At 
Whitlfy, 
Sorrey. 


81 
1-8 
6-4 
2  3 


12-8 

trace. 

18-8 


12-3 
160 


730 


trace. 


2-8<» 

Qraham, 

Miller, 

and 

Hof- 

mann 


Spring 

Ht 

Wntronl, 
HerU. 


1101 

■  •  • 

110 


121 

166-0 

6-8 

190 

•  •  • 

11-6 
11-6 


388 -2 


Camp- 
bell 


Artesian 

Well, 

Trn&iljpir 

Square. 


18-8 

91 

265-8 

990 


174-2 
197  1 
1805 


13-1 
130 


9701 


30  4 


14-50 
1-00005 


Abel 

and 

Rowney 


ArteeUn 

1 
Artcaen 

Well, 

Well, 

Uny'B 

Orvnelle, 

Boapital. 

Paris. 

1393 
134-4 
158-4 

•  •  • 

07 
113 
13-4 


1 27 -4 


0-7 

3-4 

20-5 

lo-oo 
1  00077 
8*> 


15-0 

98 

237-3 

7-8 


OdUng 


27-2 
4-0 

23-8 


5-2  , 
60-5  ■ 
6-6 


60 
20 


1353 


15 

86 

130 

28° 


Payen 


834 


OF 

RIVER  WATER. 


St.  Wini- 
fred s  Holy 
Will, 
North 
Wali-fl. 


Thamea,  Ht 

'i'wickeu- 

baiu. 


TbAmes,  at 
Lambeth 


Rhone, 

near 

Geneva. 


Rhine, 

at 
Basle. 


Ulla> 
Witter 
Lake. 


Loch 

Katrine. 


1169 

83-8 

11-0 

4-7 

13-6 

92 

trace 

4-2 

■  •• 

trace 

•  •• 

trace 

35-7 

14-2 

156-3 

119-9 

52-5 

mm  • 

31-4 

•  •• 

a  •  t 

39-1 

•  mm 

39 

••• 

49-7 

4241 

821-0 

81-8 


11« 
1001 
...  5 


Barrat 


51 


9-6<» 
10003 


Clark 


69-4 
6  0 

111 
61 


12-1 

16-8 
91-7 
37-6 


14  9 
37  0 


302-7 


63  2 


20  2 


Graham, 
Miller, 

and 
Hofmann 


45  3 
2-7 
3-1 

•  •  • 

3-9 


10 
50-8 
42  9 

8-5 

23-8 


182  0 


8-4 

8-0 

18-4 


Deyille 


65-5 

4-8 
06 


1  5 

86-2 
16-4 


2-1 
3-3 


169-4 


Pagen- 
stecher 


8-3 
1-8 
5-4 


99 

20-4 

6-4 


30 
5-0 


602 


1-8 

7-6 

15-5 


1-9 


Way 


1-9 
0-8 


14 

4-7 
1-7 
5-6 

•  •  • 

trace 

01 

11-4 


27-6 


0-3 

9-3 

18-4 


Wallace 


885 


8.J6  APPENDIX. 


WEIGHTS   AND   MEASURES. 


4800  gniuB  Troy  =  1  ox.  Troy. 

437*5  "  s=  1  ox.  Avoirdapoids. 

70000  '<  =1  lb.  AToirdupoids. 

67600  "  =1  lb.  Troy. 


Ibo  imperial  gallon  contains  of  water  at  60°  (15° '5C)  70,000-    grains. 

The  pint  (J  of  gallon) 8,750- 

The  fluid-ounce  (^V  of  pint) 487-6 

The  pint  equals  34-66  cubic  inches. 


The  Frensh  hlofframme  =  15,433-6  grains,  or  2-679  lb.  Troy, or 

2-205  lb.  aToirdupoids. 

The  prammme       =  15-4336  grains. 

"    decigramme    s=    1-6434       " 

"    centigramme  =    0*1548       ** 

'<    miUigramme  =    00154      «« 


The  mi/re  of  France  =  89*37     inches. 
«•    decimitre  =    8*987         «• 

"    centimetre  =    0*394        •• 

M    mUMmitre  «    0  0894       « 
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TABLE 

JPOB    CONVEBTINO    DE0REB8    07    THB    CEMTIGRADB    THEBMOMETEB    INTO 

i>£uaBEs  OF  Fahrenheit's  scale. 


Cent. 

Fah. 

Gent. 

Fah. 

Cent. 

Fah. 

— 100« 

...     — 148-0« 

—550 

.      —  67  0*> 

— 10« 

..       +140° 

99 

146-2 

54 

65-2 

9 

15-8 

98 

144-4 

63 

63-4 

8 

17-6 

97 

142-6 

52 

61-6 

7 

19-4 

96 

1408 

51 

69-8 

6 

21-2 

95 

1390 

60 

680 

5 

23-0 

94 

1872 

49 

66-2 

4 

24-8 

93 

135-4 

48 

54-4 

8 

26-6 

92 

133-6 

47 

52-6 

2 

28-4 

91 

131-8 

46 

60-8 

1 

30-2 

90 

1300 

45 

49-9 

0 

82-0 

89 

128-2 

44 

47-2 

+1 

83-8 

88 

1264 

48 

45-4 

2 

35-6 

87 

124-6 

42 

43-6 

8 

37-4 

86 

122-8 

41 

41-8 

4 

89-2 

85 

..."       1210 

40 

40-0 

5 

410 

84 

1192 

89 

88-2 

6 

42-8 

83 

117-4 

38 

86-4 

7 

44-6 

82 

115-6 

87 

84-6 

8 

46-4 

81 

113-8 

86 

82-8 

9 

48-2 

80 

1120 

35 

81-0 

10 

50-0 

79 

110-2 

84 

29-2 

11 

61-8 

78 

1084 

88 

27-4 

12 

53-6 

77 

106-6 

32 

26-6 

18 

55-4 

76 

1048 

81 

28-8. 

14 

57-2 

75 

103-0 

80 

22-0 

15 

590 

74 

101-2 

29 

20-2 

16 

60-8 

73 

994 

28 

18-4 

17 

62-6 

72 

97-6 

27 

16-6 

18 

64-4 

71 

95-8 

26 

14-8 

19 

66-2 

70 

940 

25 

130 

20 

680 

69 

92-2 

24 

11-2 

21 

69-8 

68 

90-4 

28 

9-4 

22 

71-6 

67 

88-6 

22 

7-6 

23 

73-4 

66 

86-8 

*^1 

6-8 

24 

76-2 

65 

850 

20 

4-0 

25 

770 

64 

83-2 

19 

2-2 

26 

78-8 

68 

81-4 

18 

0-4 

27 

80-6 

62 

79-6 

17 

+1-4 

28 

82-4 

61 

77-8 

16 

8-2 

29 

84-2 

60 

760 

15 

5-0 

80 

860 

59 

74-2 

14 

6-8 

31 

87-8 

58 

72-4 

13 

8-6 

32 

89-6 

57 

706 

12 

10-4 

33 

91-4 

56 

...           68'8 

11 

12-2 

84 

93-2 

840 
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Tablb  of  Thebmometbr  Scales  (eantiniud). 


Cent. 


Fah. 


Gent. 


Fah. 


+36« 

•  v» 

+960« 

-f85« 

86 

■  ■  • 

96-8 

86 

87 

•  •• 

98-6 

87 

88 

•  •  • 

100-4 

88 

39 

•  •  • 

102-2 

89 

40 

•  •• 

104  0 

90 

41 

•  ■• 

105-8 

91 

42 

•  •• 

107-6 

92 

43 

•  •• 

109-4 

98 

44 

eve 

111-2 

94 

46 

•  •• 

1180 

96 

46 

•  •♦ 

114-8 

96 

47 

•  •• 

116-6 

97 

48 

•  •• 

118-4 

98 

49 

•  •• 

120-2 

99 

60 

•  •• 

122  0 

100 

61 

•  •• 

123-8 

101 

62 

•  •• 

125-6 

102 

63 

e»e 

127-4 

103 

64 

e  •• 

129-2 

104 

66 

•  •• 

1310 

105 

66 

eee 

132-8 

106 

67 

•  •V 

134-6 

107 

68 

•  •• 

136-4 

108 

69 

•  •• 

138-2 

109 

60 

•  •• 

1400 

110 

61 

eee 

141-8 

111 

62 

■  ae 

148-6 

112 

63 

«  •  • 

146-4 

118 

64 

•  •• 

147-2 

114 

66 

•  •  • 

149-0 

115 

66 

•  •  a 

160-8 

116 

67 

•  •• 

152-6 

117 

68 

•  •• 

154-4 

118 

69 

■  •• 

156-2 

119 

70 

•  ■• 

1580 

120 

71 

•  •• 

1698 

121 

72 

•  •• 

161-6 

122 

78 

•  •• 

163-4 

128 

74 

•  •• 

165-2 

124 

76 

e  va 

167-0 

125 

76 

•  •  a 

168  8 

126 

77 

•  v« 

170-6 

127 

78 

a  aa 

172-4 

128 

79 

•  a  a 

174-2 

129 

80 

a  a  a 

176  0 

130 

81 

■  •  a 

177-8 

131 

82 

a  •• 

179-6 

132 

88 

a*« 

181-4 

188 

84 

•  •  • 

1832 

134 

+185-0  «> 
186-8 
188-6 
190-4 
192-2 
194-0 
196  8 
197-6 
199-4 
201-2 
208-0 
204-8 
206  6 
208-4 
210-2 
212  0 
213-8 
215-6 
217-4 
219-2 
221-0 
222  8 
224-6 
226-4 
228-2 
230-0 
231-8 
233-6 
236-4 
237-2 
239  0 
240-8 
242-6 
244-4 
246-2 
248  0 
249-8 
261-6 
258-4 
256-2 
267  0 
258-8 
260-6 
262  4 
264-2 
266-0 
267-8 
269-6 
2714 
273-2 


Cent. 


Fah. 


4-135« 
136 
137 
138 
139 
140 
141 
142 
143 
144 
146 
146 
147 
148 
149 
150 
161 
162 
163 
164 
165 
166 
167 
158 
169 
160 
161 
162 
168 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
176 
176 
177 
178 
179 
180 
181 
182 
188 
184 


+275-0° 
2768 
278-6 
280-2 
282-2 
2840 
285-8 
287-6 
289-4 
291-2 
293  0 
294-8 
296-6 
298-4 
800-2 
302-0 
303-8 
3a5  6 
307  4 
80d2 
311-0 
312-8 
314^ 
316-4 
818-2 
3200 
321-8 
823-6 
325  4 
827^ 
8290 
330-8 
332-6 
334-4 
386-2 
338-0 
339-8 
341-6 
343  4 
345-2 
847-0 
348-8 
350  6 
352-4 
354-2 
856-0 
867-8 
359-6 
861-4 
363-2 
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Tabls  of  Thikmoheteb  Scales  (continued). 


C«nt. 

FHh. 

Cent. 

Fah. 

Cent. 

Fah. 

-j-18i)<» 

...  -f3650° 

-f230« 

...  -|-4460« 

-f275« 

...   -f527  0« 

186 

866-8 

231 

447-8 

276 

528-8 

187 

368-6 

232 

449-6 

277 

630-6 

188 

370-4 

233 

451-4 

278 

632-4 

189 

872-2 

234 

453-2 

279 

6342 

190 

3740 

235 

455-0 

280 

6360 

191 

875-8 

236 

456-8 

281 

537-8 

192 

877-6 

237 

458-6 

282 

639-6 

193 

379-4 

238 

460-4 

283 

6414 

194 

381  -2 

239 

462-2 

284 

6432 

196 

383-0 

240 

464-0 

285 

545  0 

196 

884-8 

241 

465-8 

286 

6468 

197 

886-6 

242 

467-6 

287 

648-6 

198 

388-4 

243 

4694 

288 

650-4 

199 

890-1 

244 

471-2 

289 

6522 

200 

392-0 

245 

4730 

290 

5540 

201 

893  8 

246 

474-8 

291 

555  8 

202 

395-6 

247 

476-6 

292 

557  6 

203 

397  4 

248 

478-4 

'  293 

659-4 

204 

399-2 

249 

480-2 

294 

561-2 

205 

401-0 

250 

4820 

296 

563-0 

206 

402-8 

251 

483-8 

296 

664-8 

207 

404-6 

252 

485-6 

297 

666-6 

208 

406-4 

253 

487-4 

298 

568-4 

209 

408  2 

254 

489-2 

299 

570-2 

210 

4100 

255 

4910 

300 

5720 

211 

411-8 

256 

492-8 

301 

573-8 

212 

413-6 

257 

494-6 

302 

575-6 

213 

4154 

258 

496  4 

303 

577-4 

214 

417-2 

259 

498-2 

304 

579-2 

215 

419-0 

260 

600  0 

305 

5810 

216 

420-8 

261 

501-8 

306 

582  8 

217 

422-6 

262 

503-6 

807 

5846 

218 

4240 

263 

505-4 

308 

686  4 

219 

426-2 

264 

507-2 

809 

688-2 

220 

428  0 

265 

509  0 

310 

6900 

221 

429-8 

266 

510  8 

311 

591  8 

222 

431-6 

267 

512-6 

312 

593-6 

223 

433-4 

268 

514-4 

313 

595-4 

224 

435-2 

269 

516-2 

314 

597  2 

225 

437  0 

270 

518-0 

315 

599  0 

226 

4388 

271 

619-8 

316 

600-8 

227 

440-6 

272 

521-6 

317 

602-6 

228 

442-4 

273 

523-4 

318 

604.4 

229 

4442 

274 

525-2 

819 

606-2 

71 
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PAGE 

AlMorption  of  giiMi.....l39, 160 

of  heat 101, 106 

Acetal 687 

AcetHinide 772 

Acetates,  metallic. ..~ 607 

Acetic  acid,  muoufkcture 

of  607 

ethers 610 

oxide  or  anhydride 611 

Acetone 608 

determination  of  vapor^ 

density  of. 459 

Acotonitrile 710 

Acetucalioyl 604 

Acetyl  chloride 611 

Acetylene 485 

Acid,  acetic 6i)6 

acetantidobenzolc 637 

acetonic 699 

acouitic... 670 

acrylic 627 

adipic 662 

alisaric 665 

allanturic 725 

allituric 727 

alloxanic 728 

alpba-orselllc 786 

alpba-toluicM 639 

alphaxylic 639 

anialic  757 

aniidacetic 614 

amidu-bensoic .636,  775 

amido-bat^ric 617 

aniido-caproic 619 

amido-propionlc 615 

aniylacetic 620 

anchoic 663 

angelic 627 

anilic 784 

anisic 654 

anthranilic .776,  784 

antimunic 419 

arachidic 625 

arsenic 42:^ 

arsenlons 423 

asportic 779 

atropic 641 

auric 370 

barbituric 731 

beiiic  or  behenic 625 

benzMmidacetic 638 

bensilic <^56 

benzoic. 633 

benzoglycollic 638 

bet»K)rscllic 786 

bismutblc 428 

boric 208 

bnissic 629 

bromacetlc 613 

bromlc 188 

bromo-borbitnric 731 


Acid :  PAGE 

bromo-benzoic 636 

bromo-phenisic 552 

brumo-propionic 615 

butyric 616 

cacodylic 765 

canipiiic 632 

CHmpliulic 631 

camphoric 664 

capric 620 

caproic 619 

caprylic 620 

carbHlIylic 670 

carbamic ^14,776 

carbazotic 552 

carbocrc<sylic 654 

carbolic 550 

carlwnic 106,  648 

liquefaction  of.. 66, 167 

carlMithyniolic 655 

carbohydroquiuonlc 668 

carmiuic 787 

cerotic  ..., 625 

chelidonic 690 

chlurncetic 612 

chlorhydric 181 

chloric 186 

chlorobenzoic 626 

chloruclironiic 440 

chloronitric 1S4 

chloronitruus 184 

chloruphenehic 552 

chlorophenisic 552 

chloropropionic 615 

chlororhodic   804 

chlorous  185 

chiorovalcric f'18 

cholic 812,813 

chololdic 812 

chromic 439 

chrysammic 789 

.  chrysanilic 784 

chrysolopic 789 

chrynophanic 787 

cimlcic  .... 628 

cinnamic 640 

citracouic 664 

citric 678 

coljaltic 408 

conifnic 679 

convolvnlinoleic 652 

coumaric 655 

crK>80tic 654 

cn^cunic ~ 678 

crotnnic 627 

cuniic 640 

cyanic   712 

cyanuric 713 

cyniic 640 

damaluric 627 

damolic A'J7 

desoxalic 660 


Aeld :  PAOl 

dextroracemic,    or 

dextrotartaric 674 

dinluric 731 

diamido-benzoic 636,  775 

dlhromncctic  613 

dibromobHrbituric 731 

dichlurncetic 612 

dietliylMcetic 619 

dietliylphospboric 528 

diglycoUic 644 

dl-iJdiicetic 613 

dilactic 547 

dilituric    731 

dimetliylacetic 616 

diiiitrolx'nzoic. 636 

dlKulphethuIic 683 

diKulphobenzolic 683 

diHulphometholic.  ..597,  682 

diHulphouaphtholic~ 683 

ditjirtaric 677 

dithiunic 199 

elaldic 629 

ellitific 673 

cquiHi'tic 670 

erucic 629 

erythric 670,785 

ethionic 518,683 

etlu*ne-dig1ycollic 562 

etbylacetic 616 

ethvl-cnrhnmic 776 

ethylcn)touic 630 

etbyloxiilic 661 

eth>lplio*iphoric 528 

fthylioulpliuric 526 

ethvltnrtaric 676 

enchroic 665 

eugetic 668 

euxnnthlc 789 

eTiTuic 665,  787 

excrctolic 804 

formic 6(U 

f(>rmcib4*nzoic 654 

fulmiiiic 714 

fulniinuric 716 

fnniaric 663 

galfiir 628 

gHllic 670 

gHllotannic 580,  672 

glyceric 667 

glycocholic 812 

glyco-hyocholic 813 

glycollamic 774 

glycolllc 614,  644 

glyoxylic 666 

h«-niipinic 673 

hjppuric 637 

hiiniic   585 

hydnntoic 725 

hy(lri«Klir 189 

hj'drobcuzoic 632 

848 


8-ii 
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AcM :  PAOB 

liydrobromic 188 

hydrochloric   181 

hy«lri»cy«iilc 701 

hydrofiTricyanlc 709 

hy<irof»'rro«'yiinic 7o8 

hydrofluoric      19i 

hydrufliKMiiicic 21U 

hydnwelenic    20.} 

hydrosiiIphucyHnic 718 

hydrosiilphuric 2uO 

hydrutelluric    207 

hydiiriUc 727,  731 

byocholic 814 

hypuchlorous   184 

hypuj^ieic 628 

hyiwjCTvUic    067 

hy|)«)ph<Mphoroiii 213 

hyposulphiinc I9i) 

hypoMulphuruus 199 

ifipuiiiric ToO 

iiidiiiic TK4 

insoiiiiic 43a,  06 1 

inoainic .7o9,  804 

i(Hlac«tic   613 

itMlJc  190 

iMtic    78^1 

Iw'thionlc 527,  683 

itMilnityric 616 

inopropy  I  acetic <18 

ita4*()nic     664 

jHlnpiDuIeic  €52 

Japonic  673 

kiiiic    eso 

lacttinilc 775 

lattlc 6*4 

hintiiiiuric 727 

iHuric      621 

leconoric 935 

lopar^ylic  663 

Iciu-Htnlc  775 

h'ucic 648 

levomconilc,  or  levo-tjir- 

tHric 674,  677 

lithic 723 

lithoMHc 814 

malaniic  778 

msihnc ~ 663 

malic  ~  6<'8 

malonic  661 

manpiiiic  41'} 

nianiiitic  6S1 

margaric 62:{ 

iiieconic ^ 679 

mc'lirtsic « 626 

mointic    6(5 

niosttconic ~ 664 

m«-*oxaIic 726,  729 

nietagullic  671 

mntaiitinionic 420 

mctapMtic  588 

inoUphoMphoric 2>5 

mi'tastanuic 392 

mothacryllc    630 

nicthioiiic 682 

mcthylciirliamic  770 

in<«thylcrotonIc 630 

inrthylparoxylM'nzoic...  6.U 

uii'thyl.sulphuric    •')14 

iniilyiMlic     4i4 

numolironiacctic  613 

nion:u:hloracutic 612 

nv»nn;^ic 028 

inucic 681 

muriatic „ 181 

mycoinolic. 729 


Acid:  PAO« 

myrisHc ~.  621 

iiiyrunic   580 

iiaphthalic 6^5 

nioliic 4^ 

nitric   158 

nitranisic 605 

iiitrobcnzoic 636 

nitrucaoiic 440 

tiitntpheiiasic 552 

uitruphene«ic 552 

uitropheoitdc 553 

Ditrophlhalic 66o 

nitrotoluic  439 

nitrous 161 

ceuaiithic   ~ 620 

cpnaDthylio ».  619 

oleic  628 

opiunic 673 

oraelllnic 665,  786 

orthdphosphoric 285 

ONiiiic 388 

oHmioot 388 

oxalic  (57 

oxaluric  729 

oxamic 659,  777 

oxyhenzoic 653 

oxy butyric 567,  642 

oxypicric 780 

oxywUicylic  668 

oxyHulpliocarlMiniic 777 

palmitic 621 

parabaiiic ~  729 

panilactlc 64.') 

pantoxybensoic 652 

parapluMpboric 286 

paraiKH-bic 632 

ptiratiirtaric  677 

IMrellic 786 

lM*ctic   58S 

prlarponic 620 

pentiithionic 200 

perchloric 186 

p<Ti-hrouiic 440 

periodic 194 

permanganic 413 

phenylcarbamic 77(> 

phlorutic   665 

phonphoric 214,  2^5 

glacial  214 

monobasic 285 

tribaNic 285 

tetraba8ic 286 

pluMKphoroiis 214 

pho»phovinic 52^ 

phthalic    6C5 

phyHotoleic 028 

picric  553 

pimaric 7W 

piniolic 602 

pinic 790 

piperic 6l^ 

propionic     614 

protocatechnic 668 

pniNsic 701 

pstcndiMiric 730 

purpuric 732 

purn-ic 789 

pjroromenic t79 

pyrosHlIic 570,  671 

pyromeconic 679 

pynjmucic 682 

pyrophoflphoric 286 

pyroUrtaric 661 

pyroter«bic 627 

pyruvic 651 
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quadrichlororaleric  ......  61-9 

quiuic « ®^ 

quiuonic  .....^ 665 

qiunoylic ^. .......  665 

rucemic 677 

artificial  pruductioQof  677 

rbodixonic t>7S 

ricinoleic 6^2 

rocx't'llic 663 

nibiacic 7>^ 

rubic ~i>  673 

rtitic ~  i20 

aaccharic €81 

aalicylic ..550,  653 

aaliryluua (92 

sarctdMCtic      644 

8«bacic  oraebtc Wi 

aeienhydric ~..  205 

eeleuic l6^ 

velcnioafl 204 

ailiric   210 

ctorbic 632 

stannic S9l 

stearic ♦•S* 

flfyphnic  — ~  '^^ 

anttoric ~  662 

anct'inic «. C6i 

sudoric   ^ 811 

Bulpbacettc 682 

»ui(hamic 3H 

aalphaniftolic — ..  551 

ftiilph-hydric 200 

i^nlphindigotic 782 

flulpbindylic 7<2 

snlpholieucoic 683 

Bulpholtonxolic 6:9 

Balphocarodylic  ...........  766 

sulphocarbamic... ....  777 

8ulphocarlM>nic 203 

tmlphocyanic  717 

anlphoglyceric...... 568 

suIpholigTiic 503 

snlphonu'thylic 514 

enlphonaphihalic  683 

sulphovinic 52*S 

8ulpharic 196 

tiulphnroas 195 

aylvic 790 

tannic 671 

tantalic 633 

tartaric - C73 

tartaric,  inactiTe 617 

tartralic 676 

tartrolic 676 

tartrovlnic 676 

tauro-fholic  ~  812 

tauro-hvochollc -    814 

tellurhydric -  207 

tellnric 207 

tpllurous  206 

terophtbalic 666 

tetntchlorovalcric 618 

t«trathioiuc 190 

thiact'tic 613 

thionuric 729 

thiosulphuric ~.  1^ 

thymotic 655 

thy  my  i-carbonic. ..........  655 

titanic 393 

tolulc 6^^ 

trichloracetic   61- 

thohlorovaleric 618 

trithionic !» 

tnngstic ;.........  442 

nlmic  685 


INDEX. 


845 


Acid :  PAQK 

uramilic 780 

uric 723,  810 

oruxanlc .^  725 

usuic  7S7 

Talerianjc  or  valeric iX>7 

Tuimdic 430 

Tioluric 731 

XBnthic 051 

xylic 639 

Acida 133 

acr3'lic 626 

aniic 314,  471 

aromatic 683 

atomicity  of 505 

basicity  of. 282,  595 

fatty 507 

isoacrjlic 629 

organic 469 

diatomic  and  blbasic.  656 
diatomic  and   mono- 
basic   642 

hexatomic 681 

monatomic 640 

p«iitatomic 680 

tetratomic  671 

triatomicand  bibasic  668 
triatomic  and  mono- 
basic      666 

triatomic  and  tribasic  669 

Aconitates 67U 

Acrolein 6S9 

Aconitine 7«50 

Actinism 96 

JEffculetin 579 

AwK-ulin 679 

Affliiity,  chemical 239 

rolations  of  boat  to 241 

disposing 240 

Air,  atmospheric 154 

Air-pump 37 

Air-thermometer 44 

Alanine 615,  751 

Albite 337 

Albumin - 793 

test  for 802 

regetable 824 

Albuminate 794 

Albuminous  principles....  793 
Albuminous    sulwtances, 

coagulated 797 

Alcohol  ^ 615 

absolute 516 

allylic 544 

amyleuic 556 

amylio 535 

auisic 564 

benzylic 548 

butylic 532 

cerylic 543 

cetyllc 542 

cinnylic 554 

cresylic 553 

cymylic 549 

ethalic 542 

ethenic 556 

ethylic 515 

b«'ptylic  540 

hi.'xylic 5;i9 

iw»propylic 531 

niyricyllc 543 

nonylic 542 

octylic 541 

phenyltc 550 

propenylio 567 

propylic 531 

71* 


Alcohol :  PAGE 

quartylic 532 

quintenylic 569 

quintylic -  536 

sexdecylic 542 

sycoceryiic 549 

xylylic 549 

Alcoliol  bases 470 

Alcoholic  aiumonias 470 

Alcoholic  oxides 469 

Alcohol  radicals   468 

Alcohols,  generally 468 

aromatic -.  548 

primary,  secondary,  and 

tertiary 611 

and  ethers,  diatomic 5.  5 

hexatomVc 572 

monatonlic 510 

pentatomic 572 

polyethonic 561 

tetratomic 671 

triatomic ...  565 

Aldehyde,  acetic 681 

polymeric     modifica- 
tions of 687 

acrylic 689 

anisic 695 

benzoic 690 

cinnamic C91 

cnmic 691 

formic 688 

salicylic 692 

sycoceryiic 691 

toluic  G90 

Aldehyde^mmonla 187 

Aldehyde-resin 6tS7 

Aldehydes .470,  0^3 

from  monatomic   alco- 
hols   e84 

diatomic  alcohols...  6l>2 

aromatic 690 

Alembroth,  sal- 359 

Algaroth,  powder  of 418 

Alizarin 788 

Allialiea 271,  290 

Allcalies,  action  of,  on  or- 
ganic bodies 464 

Alkalimeter C05 

Alkalimetry 303 

Alkaline  earths 323 

reactions  of 332 

Alkaloids 751 

Alkargon 765 

Alkarein 703 

AllantoYn 728 

Alloxan 728 

AlloxanUn 730 

Alloys 270 

Allyl  alcohol 543 

bromides 540 

iodides 645 

isoBulphocyanate 716 

oxide 545 

sulph-hydrute 646 

sulphide 545 

Allylene 486 

Allyl-enlphocarbamide....  7*20 

Allyl-eulphnric  add 545 

Almonds,  oil  of  bitter 690 

Aloes 7R9 

Alums 335 

Alumina 334 

Aluminates 835 

Aluminium  333 

chloride 333 

ethlde 760 


Aluminium :  page 

fluoride 334 

hydrates 334 

methide 760 

oxide 834 

silicates 3;i7 

sulphate 335 

Aluminium    salts,    reac- 
tions of. 337 

Alum  stone 336 

Amalgjun,  ammoniacal....  310 

Amalgams 363 

Amarine. 600,  760 

Amber 790 

Amic  acids 314,  472,  775 

Amides .314,  472,  772 

Amidin. 600 

Amidogen 314 

Amidogen-bases 732,  773 

Amidotoluene 742 

Amines .470,  732 

Amines  derived  from  mo- 
natomic alcohols 733 

Ammelide 721 

Ammeline 721 

Ammonia 162 

Ammoniacal  amalgam 310 

cobalt-compounds 408 

copper-compounds 856 

mercury-com()Ound8 862 

platinum-compounds....  374 

turiM'thum 863 

Ammonias,  compound.....  732 

Animonio-magnesian 470 

phosphate ..340,  810 

Ammonium 310 

aci'tate 608 

alum 836 

benzoate 634 

carbonates 812 

chloride 312 

cyanate 713 

cyanide 704 

ferrocvanide 706 

nitrate « 812 

oxalate 659 

phosphates.... 813 

purpurate 731 

sulphate 312 

sulphide ., 813 

sulphocyanate 718 

tartrates »,  876 

urate 724,  810 

Amorphous  pbosphonu...  213 

Amphid  salts. 281 

Amygdalin 579 

Amyl  acetate 610 

Amyl  alcohols  and  ethers.  535 

Amyl  bases 788 

cyanide 710 

Amyl  oxide 537 

sulph-hydrate 53T 

Amyliimine 738 

Amyl-benzeno 600 

Amylene 480,  536 

bromWe 537 

chloride 5ST 

hydrate 538 

Amylene-alcohol 566 

Amylcne-jslycol 656 

Aniyl-glycerin 660 

Amyl-mercaptan  MT 

Amyloid  substance 707 

Analcime 887 

Analysis,  ultimate,  of  or- 
ganic bodies 448 
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Analysii  of  alkalino  hy- 

draten  aud  carlioDatet...  303 
Annlyticnl  metbud  of  che- 

micnl  research 143 

AnatAse     39.) 

Aniliiio 739 

Aniline,  Bub«titutlon-pro- 

duct*  of 741 

Aniline-blue  747 

Anilino-colon 745 

Aniline-parple   746 

Aniline-red • -•••  746 

Aniline-vellow  747 

Anlliiie-violet 747 

Animal  fluida 805 

Animal  heat 821 

body,  compoandfl  of 79^3 

Animal  oil,  baaea  from  ....  748 

Aniiieoil 095 

Anisic  alcohol  5(V4 

AniMc  aldehyde. 695 

AniMidine 651 

Ani<<ol 551 

Ani«»yl  hydride 695 

Anthracene 604 

Antimonntee 420 

Antimony 418 

basej^ 761 

chlorides 418 

hydride 419 

oxideH 419 

salts,  reactions  of  421 

snlphidi^if 420 

and  potaj«.sium  tartrate..  675 

Apatito  ."WO 

Appendix  827 

A<]na  regia ^ 184 

Anibin iVRS 

Anhll 785 

Arcliimedea'  theorem 29 

Ar^iind  lamp 176 

Arpol 674 

Aromatic  acids 6^)3 

alcohols,  primary 548 

BPConilary 5.50 

aldehydes 690 

bases 739 

hydrocarbons 492 

ketones 696 

Arrtifconite 329 

Arrow-poison    of  Central 

America 760 

Arrow-root 690 

Arsonaten 4*23 

Arsemliethyl 762 

Arsemliniothyl 763 

Arsenic 4'22 

ba84^.   762 

chloride 422 

detection  in  organic  mix- 
tures    425 

hydrides 423 

oxideM 423 

reactions  of 425 

sulphidtn 424 

Arsenites 423 

ArMenmethylium  766 

Arsenmononicthyl 766 

Arsentriethyl 762 

Aniines    471,  702 

Arterial  blood 80.'> 

Artinds   231 

Asitarajdn 779 

Avpartic  acid 779 

Asphalt 506 
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Asphaltene 5<I6 

Assafoetida  789 

Astatic  needle 123 

Atacamite 354 

Atmolysis     138 

Atmosphere,  compositiim 

and  analysis 154 

phj-siciil  constitution  of....    35 

vapor  of  water  in 09 

Atmospheric  electricity...  119 

Atomic  theory 229 

Atomic  weight,  defloitioo 

of    223 

relation  of,  to  crystal- 
line form  227 

relation  of,    to  specific 

heat 73,  227 

relation  of,  to  volume...  228 
Atomic  weights,  table  of...  226 

Atoms  229 

combiaatioa  of  similar 

232,  234 

Atropine 760 

Attenuation  of  wort 620 

Attraction,  chemical 239 

electrical «  114 

magnetic 107 

Augite 350 

Auric  acid  and  oxide 370 

Auric    and    aurous    com- 
pounds   369 

Australene,  or  Austrater^ 

l>entheno   488 

Axes  of  crystals 260 

Axinite 337 

Axaleine   746 

A/tMli phenyl-diamine. 741 

Ar^tiziM  substances,  ana- 
lysis of 453 


B. 


Balsams 790 

Barammonium 311 

Barilla 301 

Barium  and  its  compounds  323 

Barium  ferrocyanide 708 

Barium  salts,  reactions  of 

325,  332 

Barley  sugar 586 

Barometer 39,  41 

Baryta 324 

Bnses    132 

from  aldehydes 750 

amidogen .•  733 

of  the  amyl  series 738 

from  animal  oil 748 

antimony 761 

aromatic 739 

arsenic 762 

from  coal-tar  oil 748 

obtained  by  destructive 

distillation.; 748 

of  the  ethji  series 7.36 

imidogen 733 

artificial,        containing 

mercury ....362,  769 

diatomic,  of   the  phos- 
phorus   and    arsenic 

Bcrie*    767 

or  the  methyl  series 737 

nitrile.  733 

organic 751 

phosphorus 760 


PACl 

Bassorin ...^......  htA 

Batiery,  constant ~  252 

Bnnsen's .....~.  2^ 

Dauieirs 252 

Grove's -.  2aS 

Smee's 2i4 

WoUaston's  - 252 

Baani^*s  hydrom«ter....~827-:i 

Bay  salt   ^.  ») 

Bebeerine ~ ~  76i) 

Beer -  -519 

Beet-root,  sagar  fmn  .....  5)4 

Bell  metal 5S6 

Bengal  light 42\ 

ISenzamide 773 

Benzene  or  benzol 4MS 

additive  compounds  of...  4% 

homologues  of. AiQ 

flubstitution-prodncts  of  494 

Benzoatea.. f64 

Benzohelicia 5^2 

Benzoic  acid 623 

Benzoic  aldehyde t'v} 

Ben»>ic  chloride 6;:^ 

iodide 6:i5 

oxide €.5 

peroxide Cv^ 

sulphide 6u6 

Benzoin ^.......  CU 

Benzol -  493 

Benzoline 7oO 

Benzone  (^ 

Benxonitrile 710 

Benzophenone t^'9 

Benznealicin  Ti^i 

Benzoyi-componads <>^ 

Benzyl  alcohol 54^ 

Beiizylamine 74-1 

Berberine 760 

BerthoUet's     fulminating 

silver 321 

Beryl 3:57 

Beryllia.. r;S 

Beryllium 337 

Betuorsellic  acid 7^^ 

B«>zoar  stones K14 

Biamvlamine Idli 

Bibatdc  acids 282,  666.  6H8 

Bichlomniline 741 

Bichlorethylamine 7:'>5 

Bichlori«atin ~ 741 

Biethyliunlne 7."^ 

Biethylaniltne 742 

Biethyl-pheny lamina  ......  742 

Biethyl-urea   7:ifi 

Biliary  calculi ^14 

Bile 811 

Pettenkofer's  test  for....  813 

Bilin S13 

Biliverdin 813 

Bimethylamine 7^ 

Binary  th<>ory  of  salts. 3)^3 

Binitranisidlne 5.51 

Binitranisol 551 

Binitrobencane 4'X> 

Binitrophenol 5o2 

Btnitrotoluene 4i<7 

Biscuit S96 

Bisniethyl  767 

Bismuth     and    its    com- 
pounds   4'.'7 

reactionsof  429 

Bieninthic  acid  4'J^ 

Bisulphide  of  carbon 302 

Bitter-almond  oil 690 
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PAGE 

Bitumen 606 

elastic W6 

Bivalent  elements 331 

Blast  ftiruace 402 

Black  flux 426 

Bleaching 180 

Bleaching- powder 330 

testing'  its  value 831 

■alts 185 

Blende 361 

Blistered  steel 404 

Blood 805 

U'terial  «  806 

circulation  of  the 805 

compoeition  of  the  ....^  806 

corptificlea  806 

discs 806 

globules 806 

serum  of 806 

Tenous 805 

Blowpipe  » 175 

Blue  ink 708 

sympathetic 407 

Blue  light  421 

Prussian- 707 

Turnbnll'B 708 

Bohemian  glass 345 

Boilers,  deposits  in 229 

Boiling  point 58 

Bones 819 

Borax   809 

Borethyl 767 

Boric  oxide  and  acid 208 

Borneol 546 

Borneo  camphor 546 

Boron  208 

chloride 209 

fluoride 209 

nitrido 209 

B<»yle'8law 39 

Brass 356 

Bmnnite 411 

Braxil-wood  784 

Bread  626 

Brewing 619 

BritHimia  metal 421 

BrlUiihgiim 691 

Bromaniline  742 

Bromanisal 695 

Bromethyl    triethyl-phos- 

phoninra  bromide 767 

Bromhydrins 568 

Bromic  acid 188 

Broniidos,  metallic  275 

Bromine  « 188 

Bromimtin 783 

Broinobenzenes 494 

Bromoform » 51.6 

Bronio-salicylol 694 

Broniotuluenes 497 

Bronze '. 366 

Brookit« 393 

Btown  coal 505 

Bntcine. 756 

Bunsen's  battery 264 

burner 177 

Burette 305 

Burmese  naphtha 507 

Butter 620,  816 

of  antimony 418 

Butyl  alcohols  and  ethers  532 

Butyl  cyanide 710 

Butylamine 749 

Butylene 480 

Butylane  alcohol 556 
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Butyl-glycol  656 

Butyric  acid 616 

ethers  > 617 


0. 

Cacao  butter 623 

Catodyl 763 

chloride  764 

cyanide ^ 765 

iodide  764 

oxide 765 

sulphides 766 

trichloride 764 

Cacody lie  acid  765 

Cadet'M  fuming  liquid 763 

Cadmium    and    its   com- 
pounds   352 

salts,  reactions  of. 353 

CsMium 316 

Ctesinm  alum , 336 

Caffeine ^ 756 

-murexide 757 

Calamine 3a0 

Calcium     and     its    com- 
pounds   325 

carbonate 328 

chloride  326 

fluoride.. 327 

oxalate 659,  810 

oxide 327 

phosphate  328,  810 

phosphide  332 

salts,  relictions  of. 332 

sulphate 328 

sulphides 331 

Calculi,  biliary 814 

urinary 809 

fusible 810 

mullierry „....  810 

Calomel 868 

Caiotype  process 97 

Camphene 489 

Camphol 546 

Camphor 691 

of  Borneo 546 

Canada  balsam 790 

Cane-sugar 584 

compounds  of 686 

Candle,  flame  of 175 

Caoutchin  491 

Caoutchouc 491 

mineral  506 

Caontchuncin  491 

Oiramel 586 

Carliamic  acid 314,  776 

Carbamic  ethers  776 

Carbamide 314,  777 

Carbides  of  hydrogen..l69,  474 

of  iron 401,  402 

Carhiniide 777 

Carbinol 512 

Carbon 163 

chlorides 187,  669 

bisulphide 202 

compounds  with  oxygen  165 

with  hydrojeen '169,  474 

estimation    in    organic 

bodies  448 

Carbon  oxychloride 204 

sulphochloride 204 

Carbonates 168,  474 

analysis  of 306 
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Carbnretted  hydrogen 

light 169 

Carbo-diphcnyl-triamine...  745 
Carbonic  acid 168,  648 

ethers 649 

Carbo-triethyl-trianiine ...  759 
Carlo-triphenyl-triamiue..  745 

Carbyl  sulphate 618 

Carmine 787 

Carminic  acid 787 

Cartier's  hydrometer 828 

Carthamin 788 

Carragheen  moss 592 

Casein 794 

Cassava 592 

Cassins,  purple  of. 371 

Castor-oil 540,  662 

CattilyKls 240 

Catt-chu 673 

Catechin 673 

Cavendish's  eudiometer...  144 

Cellulose 692 

Cements 327 

Cerasin 688 

Cerite 340 

Cerium 840 

Cerotates 626 

Cerotene 480 

Ceryl  alcohol 643 

Cetene... 480 

C««t^l  alcohol 642 

Chalk 328 

stones 724 

Chaniclron, mineral 413 

Cliango  of  state  produced 

by  heat.... 65 

Charcoal,  animal  and  vege- 
table    165 

Cheese-making 7u5 

Chemical  philosophy  2l9 

rays  of  the  solar  speo- 

tnmi 95 

Chimneys,  action  of. 63 

Chinese  wax 543 

Chinoline 748 

Chinoline-blue 748 

Chino'idine 7.'i5 

Chitin 880,  8(»3 

Chloral 817,  688 

insoluble €88 

Chloranil 681 

Chlontniline 741 

Chlorates  186 

Chlorhydrins 668 

Chlorides,  metallic 273 

organic  468 

Chlorimotry  331 

Chlorine 189 

action  of,  on  organic  bo- 
dies    463 

compounds  of^  with  hy- 
drogen   181 

with  nitrogen 187 

with  carbon 187 

with  oxygen 183 

estimation    in    organic 

bodies 467 

Chlorisatin 741 

Chloritcs 1 85 

Chlorubenzenes 494 

Chloroform 567 

Chloropicrin 553 

Chloroqui nones 680 

Chloroi«alicylol 694 

Chlorotoluenes 490 
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Chlorous  or  acid  elements  25'i 

Choh'pyrrhin H13 

ChoIesitRrin 555 

bydrocjirbon  Torined  by 

dehydration  of 655 

Choh'StPtphane ~  767 

Chondrin ~.  801 

Chromiites  4^J9 

Chrome-yellow 440 

Chnimium 437 

chlorides 437 

fluorides  438 

oxides 438 

oxychlorides  440 

»<lt«,  rtoactions  of 440 

Chrysiiniline 747 

Chry^fcne 505 

Chrywilieryl 338 

Chrysolite 350 

Chyle 815 

Cinrhonicfne 755 

Cinchonidine 755 

CiiK'hoiiine 754 

Cinchovatine  750 

Cinnabar 361 

Cinnamein 641 

Cinnaraene 5U1 

Cinnainun,  oil  of 640 

Cinnyl  alcohol 554 

cinnanmte 641 

Circular    polarization    of 

1 1  r^  ■'  V       ••••••        .>••«•      .••■>••       il<  J 

Circulation  of  the  blood...  805 

Citnnulde 780 

Citrates 678 

Clarirying^  wines  and  beer  802 
ClasHiflcation  of  metals...  271 

organic  compounds 464 

Clay 336 

ironstone 400 

CI«>avage  257 

CtKil 505 

i^M  170 

Coal-tnr  cre«iflute  550 

Coal-tar.    volatile    princi- 
ples of. 493 

Cobalt  407 

ammoniacal  compounds 

of 408 

Cobalt-tslance  407 

C«>balticyanidefl 709 

Cobalt-salts,  reactions  of.    40'J 

Colmlt-ultraniarine 400 

CtKJcus  cacti 787 

Cochineal 787 

Cocoa  oil  «  620 

Codeine 753 

Cohesion 2:^9 

C<'ko 165 

Ojlchlclne  756 

Cold  produced  by  evapora- 
tion     68 

C<»llidine 749 

C)U(>dion 594 

Colloids 149 

Colopheno    489 

Colophony 790 

Coloring    principles,     or- 

K»ni« 781 

Colunibium  or  Niobium...  634 
Combination  by  volume...  228 

by  weight....*. 219 

ConibiiHtion  172 

furnace 449 

heat  of. 241 
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GompMS,  nuffiner'B 107 

Compound  ananoDiaa 732 

radicals  237 

Condensation  of  gases  and 

vapoi-s  <B,  66 

Conduction  of  heat    52 

Conductors  of  electricity  .116 

Couhydrine 760 

Conine 760 

Constancy  of  composition  219 

Constant  battery 252 

Constitutional  formulas....  2:U 

Contact  action 240 

Contractile  substance 818 

Copaiba  balsam 790 

Copal 790 

Copiier 853 

acetates „ 609 

alloys  356 

arsenite 855 

carbonates 855 

chlorides «  354 

compounds,     ammonia- 
cal   856 

ferrocyanide 708 

nitrate 855 

oxides 354 

pyrites 368,  856 

salts,  reactions  of 356 

sulphate 855 

sulphides 855 

C«>rk-borer  - 137 

Corn-oil 638 

Corundum 3;J4 

Corrosive  sublimate 858 

Cotiirnine 753 

Cotton-xyloldin -  693 

Couniaric  acid..... 695 

Coumarin 094 

Cream  694 

of  tartar 674 

Creatin 759 

Cretitinine 759 

Creosol  A 5r3 

Creosote .550,  563 

Cresol  5.^3 

Crown-glass 345 

Crucibles >  347 

Cryolite dM 

Cryophorus 68 

Cryptidine 748 

Crystalline  forms 257 

Crystallisation 257 

CrystalliEation,  water  of...  147 

Crystalloids 149 

Cubebs,  oil  of. 491 

Cudbear .  785 

Cumidlne „ 739,  743 

Cumin  oil 601 

Cuminol 691 

Cumene 499 

Cupric  and  cuprous  com- 
pounds    854 

Cnprosovlnyl  oxide 486 

Cnrarine 760 

Curd 795 

Cyamelide  712 

Cyananiline 742 

Cyanntes 713 

Cyundlphenyldinmine 745 

Cyanides,  alcoholic 710 

metallic .277,  704 

Cvunine 748 

Cyiinite 3.'?7 

Cyanogen 700 


QrftDOgen :  P«nB 

bromide m.—........  716 

chl<»'ide >. lis 

iodide    716 

sulphide. ...M...... 717 

Cyantriphenyldiamine  —  745 

Cyanurates _ 714 

Cymene ~..., 499 

Cymidine 739 

Cymyl  alcohol..................  549 

Cymophane 3S7 

Cystic  oxide ............ ..»..  810 


D. 

DftgunTQotype  .............m    9t 

Dalton's  table  of  the  ten- 
sion or  aqueous  rupor^  829 

Dammar-msin 7W 

Ihinieirs  tmttery 253 

pyrometer 47 

Daturine 7^ 

Davy  lamp 178 

l>ecane 477 

Decay -....«. 463 

Decene «  4<0 

Declination,  magnetic 109 

Decolorixation    by   char- 
coal   165 

DecompoeitloDL,     electro- 

cheniioil 245 

Dc^hydrating  agents,   ac- 
tion of.  on  organic  Ixxlirs  463 
De  la  Rive's  floating  lot- 
tery  123 

Delphlnine.... 7*K) 

Density 27 

maximum ■....    6S 

of    vapors,    determina- 
tion of 4r.9 

Dew ~. ......  101 

Dew-point. „.. 65 

Dextrin 590 

Dextroglncose ., -  575 

Dextrose 57.5 

Dextro-tartaric  acid (^74 

Di.il>ete8 675,  SOS 

Diacetamide 77.1 

Diacetin Ftl 

Diallyl iK 

DUIysis 148 

Diamagnetic  bodies...  ....>.  110 

Diamines 743 

Diammonio-platinic   com- 
pounds   376 

Diammonio-platinons  com- 
pounds  377 

Diamond If4 

Diastase .619,  677,  5^1 

Diathermancy 10-i 

DibenzoyI „ 6SA 

Dibenxyl m 

Didymium 340 

Diethenic  alcohol IGi 

Diethenediamine 743 

Diethene-dibromide,    sul- 
phuric   771 

Diethenetriamine 744 

Diethyl  -  diethene  -  dlbro- 

niide,  sulphuric 771 

Diethyl-ethene-diammoni- 

nm  iodide 744 

Diffntion  of  gases 1S7 

Dimnion  of  liquids Us 

Digestion ...  - 8J2 


INDEX. 
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PAOK 

Diglncosic  alcohols 583 

Diniercuraninioniuiii  salts  34'>2 
I)iuietliyl-«thyl<beiixene...  499 

Dimorphism 257 

Diphciiyl 6u3 

Di|iheiiylumii)e 742 

Diphenyl-fsthonp-diamitit*..  744 
Diphcuyl-iithcne-triaiijiue.  744 

lHpi>el'Boil 74« 

Dfcoicryl 815 

Disinfection 831 

Disposing  influence 240 

DisstK-iation 4fil 

DistilliiUon   61 

dry  or  destructive 462 

Diter«*ben«   489 

Diiuble  refraction ~    91 

Dunblewilta 282 

Dragim's  blootl     79<) 

Ductility  of  metals 269 

Dalcite 673 

Duodecane    477 

Dutch  liquid 568 

Dyads 831 

Dyes,  yellow 7S9 

Dyeing 781 

Dynamical  theory  of  heat    78 
Dyslysin 812 


B. 

Earthenware 347 

Ejirth-metals 333 

reactionsof 843 

Elionite 491 

Kbullition 67 

Kfff.rvescinK  draughts......  675 

SffUKion  of  gases 140 

£);g  albumin 794 

Egg.  white  of 794 

Eliiitlin 629 

EluMehydc 687 

Elastic  tissue 818 

Eb-ctric  battery 119 

current  119 

hcut  devfloped  by  265 

Electric  discharge 116 

Eleitricocl 122 

Minchincs 117 

Electricity,    positive   and 

negative 114 

of  vajwrs   1-6 

Electro-chemical    decom- 
position   245 

Electrodes 246 

Electrolysis ..  245 

Electrolytic     decomposi- 
tion, definite  amount  of  248 

Electrolytes 245 

Electro-magnetism 122 

Ebvtro-motlvc  jxiwer 249 

Electro-n»'gJitive  and  elec- 

tn^positive  bodies 261 

Electrophorus ITU 

Electro-plating 265 

ElfCtrowcope  KKJ 

Eb-ctrotype    264 

Elementary  bodies,  table 
of  I^T 

symliols  of 226 

Elements 127 

Element^  classification  of, 
according  to  equiva- 
lent value 2.06 


Elements :                         paok 
monogenic   and    poly- 
genic    222 

Emery 334 

Emetine 7bO 

Emodin 787 

Emulbin 679 

Epichlurhidrin  6^9 

E^'idermis 80) 

Epithelium 803 

Epsomsalt 849 

Equivalency,  variation  u£.  233 

Equivalents,  law  of. 221 

Erbium   342 

Eremacausia. 463 

Erythrlte 673 

Essence  of  turpentine 488 

Essential  oils 492 

Ethalic  alcohol 642 

Ethane 4(57,  476 

Ethene 170,  481 

Ethene  alcohol  or  glycol..  666 

Ethene  bromide ^  6*0 

chloride 668 

cyanide 711 

Iodide 660 

oxalate 660 

oxide   6t>0 

sulphide   660 

Etherie-diamine 743 

Ethene- diammonium    Io- 
dide   744 

Ethene-hexethyl    diphos- 

pbonium 767 

Ethene  -  hexethyl  -  pho«  - 

pharsohium 767 

Ethene  -  tetrethyl  -  phos- 

pliammonium 7C7 

Ethfuo  -  triethyl  -  phos  • 

phammoniuui 767 

Ethereal  salts 469 

Etherification 624 

Ethers,  compound 4(9 

diatomic 666 

hexatomic 672 

monatomic 610 

pentatomic 672 

tetratoniic 671 

triatoniic 6(6 

Ethides,  metallic 768 

Ethyl  acetate 610 

b«»ratea 628 

bromide  - 622 

carluimate 776 

Carbonates 649 

chloride 622 

cyanate 714 

cyanide 710 

cyannrate 714 

formate 6(i6 

isoNuIphocyanate 719 

nitrate 626 

nitrite 526 

oxalates 660 

oxamate 777 

oxide 623 

palmitato  622 

poliirgonate 620 

phosphates 628 

silicates 629 

stoarate 626 

sulphates 626 

sulph-hydrate 629 

sulphides   630 

sulphites     627 

Bulphocarbonatea 660 


Ethyl :  paok 

sulphocyanate.. 719 

tarirates 676 

telturide 791 

xsnthate 061 

Ethy  lacetamide 773 

Etbylamine 736 

-urea 736 

Ethyl-ammonia 736 

Ethy  l-amy  l-phenyl-ommo- 

nium  iodide 742 

Ethyl-aniline 742 

Ethyl-benzene 498 

Ethyl-codeine 764 

Etliyl-conine 760 

Ethyl-methyl  oxide 626 

Ethyl-oxamide 778 

Ethyl-phenyiamine 742 

Ethyl-toluidine 742 

EthyUalicylol 694 

Ethyl-strychnine 766 

£>IICftl  V  Use  ••••••  •«•  •■-  •  •■••••■*■•     Ol9 

Euchlorine 186 

Euchrone W6 

Eudiometers 144 

Euclase 337 

Euxanthone 789 

Evaporation 02 

cold  produced  by 68 

Evemia  pruLastrl 786 

Excrotin 804 

Exosmose.... 160 

Expansion  by  heat 42 

of  liquids 48,  60 

of  gases 61 

of  solids 46 

of  water 60 


F. 

Fat,  origin  of,  in  the  ani- 
mal body 826 

Fsts 666,  623,  626 

Fatty  acids 697 

Featbers 803 

Fecula « 689 

Felspar 8S6 

Fermentation 463 

butyric 617 

lactic 646 

vinous 618 

Ferments 463,  646 

Ferrates 399 

Ferric    end    ferrous  com- 
pounds    898 

reactionsof. 401 

Ferricyanideti 709 

Ferrocyanides  706 

Fibroin ^03 

FicuH  rubriginosa.  resin  of  649 

Fire,  blue 421 

-damp 178 

red  and  green 326 

Flame,  structure  of..  .172,  175 
Fl^itmann     and     Ilf-nne- 

berg's  phosphstrt' 287 

Flint-glass ?44 

Fluids,  expansion  of. 48,  61 

Fluorescence 91 

Fluorides,  metallic 276 

Fluorine 192 

Fluor-spar 327 

Food 622 

Formates 606 

Formulas 226 
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FormnliP:  fagk 

constitutional 231,  474 

empirical  and  molecular  4/)7 

grapltic  and  glyptic 2:U 

rational ^ 281,  47'i 

Forniji-aiiiline. 744 

Vmntnilin 671 

French  weights  and  meaa- 

nrwi ^7,  838 

Frijcoriflc  mixtures 56 

Fruit-Bugar 837,  838 

FiuliMine ^ 746 

Furnsaniido 696 

Fucutfine 696 

Fucusol ^  6y6 

Fulniinatpo 714 

Fulminating  silver 321 

FulniinufHtes 716 

Fumttriniide  779 

Fumiu);  liquor  of  Libavius  390 

Furfuraniid*" 696 

Furriirine 696 

Furfurol 695 

Furnaco,  reTerberatory....  173 
Furnace  for  combustion...  451 

Fusel-oil 635 

or  grain  spirit 637 

Fu!«il)ilit.v  of  metals 'Jr>8 

Fusible  calculus 810 

Fusible    metal 429 

Fusiic  wood 789 


G. 

GadoHnite .337,  342 

(•aliictose  .... 67M 

Galona 394 

Giillates 671 

Giillti,  nut-  672 

GalvuuiztHl  iron 352 

Galvanii<ni  119 

Galviinonieter 103,  122 

Giirancin 78h 

Garlic,  oil  of. 545 

(inrnets 3;{7 

Ghh,  (-(Mil  and  oil 170 

oleflimt 170,  557 

battery 255 

burners  177 

Gas    furnace    for  organic 

anulNsis 451 

Qmhch,  absorption  of  ...139,  150 
capillary    transpiration 

of 140 

coll>>ction  and  preserva- 
tion of 129 

diffusion  of. 137 

elTusion   of 140 

endionietric  analysis  of  156 

expansion  of. 51 

liquefaction  of 66 

oc^'lusion  of  140 

o«n)(Me  of. 138 

phyfjical  constitution  of    35 

specific  gravity  of 1.S2 

Kpecific  heat  of 71 

Gas-boUler 130 

G:i8tric  juice 811 

Uanltheria     procumbens, 

oil   of. f/)4 

Gelatin hOl 

Gclatin-eugar 8«»1 

German  silver 407 

Geyser  springs  of  Iceland  153 
Gilding 371 


PAOX 

Glass ^.  344 

soluble 346 

GIanl>er's  salt 307 

Gliadiu - 823 

Glow-lamp 143 

Glucinum 337 

GlucoMss 574 

Glacosides 678 

Glue - 802 

Gluten 823 

Glutin 823 

Glycerin  666 

(flycide 669 

Glyco-cholic  acid 644 

Glycogen 594 

Ghco-hyocholic  acid 813 

Glycoclne 614,  601 

GIvcocol 801 

Glyoollamide 774 

Glycols 565 

Glycoluril  726 

Glycoslrie 692 

Glycyrrhiziu 5^0 

Glyoxal 692 

Glyoxaline 692 

Glyptic  furmulse 231 

Gold  and  its  compounds...  2f9 

cyanide  of. 705 

Gold-leaf 371 

-salts,  reactions  of. S70 

-standard  ot  England...  371 

G«inioni«ter8 258 

Goulard  water 609 

Granite  ., «  836 

I  GrNp«>-sugar 576 

'  Graphic  formnlas 231 

I  Graphite 1&4 

I  Gravitation 36 

Gravity,  specific 27 

of  gases 132 

of  metals 27 

of  vapors 469 

Green  fire 326 

Grei>nockite  353 

Gi-een  salt  of  Mngnns 376 

Groups,  isoniorphous 264i 

Gro>e'«  battery 2f)3 

g9is-battery 265 

Guaiaccl 663 

Guanidina 758 

Guanine 75S 

Guano 7::4,  h26 

Gum  688 

arable 688 

benzoin 1 34 

British 591 

of  cherry-tre<« 688 

tragaeanth 6S8 

Onn-c(»tton 5i« 

(Jun-nietal 356 

Gun|HJwder 294 

Guttapercha 491 

Gypsum   328 


H. 

Htpmatin « 799 

Ilamatite 899 

HaMnatocrystallin 798 

Ifapmatoxyliti 789  ^ 

liieniin  crystals 80«> 

Haemoglobin 798 

Hahnemann's  sol nble  mer- 
cury   363 


pjun 

Halitus 6(4 

Halides,  acid 4i9 

Haloid  ethers 4'  i; 

Haloid  salts 281 

UardneiM  of  water..........  328 

permanent 32S 

temporary...................  .Ti9 

Harmaline 7^ 

Harmine. 736 

Uatchetin .  iff: 

Hausmannite 412 

Heat,  absorption  of-..101,  1« 

cn|>acity  fiw...... ,    69 

c<iudurtii>n  of —    54 

developed  by  the  elec- 
tric current   .  .  . 
dy  nam  i  CM  1  t  het^ry  of... ., 

expHimon  produced  by.    4:! 
latent,  of  InsioD...      .  .    .^ 

latent,  of  ^uiM-riratiiin..    rT 
niechanicAl  equivalent  of  1i 

radiation  of. -.   W 

reflection  of. 99 

relations  of.  to  chemi- 

ail  affinity 241 

sources  of. _    74 

specific >.    69 

tran^mbsion  of.. l)>i 

Heavy  spar _  "'2A 

Uelicin i.^2 

llelvite «  SS: 

H«mih(^ral  crystals..  ....  2)3 

Heniminc's  siifely  jet..l4l.  179 

Hepar  sulphuris l*?*** 

lltptyl  alcoholeandeiben  ^^ 

llejitylene 4M) 

Heulundite.. ;^7 

Heveene 4Sl 

Uexiids .....  231 

II  exethyl-ethene-diammo- 

niuni  iodide ...  «  744 

Ilexyl  alcobuls  and  ether?  fC9 

Hexyl-CMrbinul .^1 

Hexylene «  4m) 

hydrate 4H) 

Hofmann's  gafi-fnriiace  for 

orgHnte  uimlysis 451 

Honiologiius  ^erii-s 466 

Honeyntone «t5 

IIop6,  oil  of. -  b'Jj 

Hornblimde ~  ?'^> 

Horn  silver „  Sio 

Horny  substance Hn 

Iluano 7"i4 

Humus 5>o 

HydantoTn 7ii 

Hydrates -.  147 

of  turpentine  oil 4^9 

Hydrides  of  alcohol-rsdi- 

cols 4TS 

Hyilriodic  acid I'^d 

Hydn)l>enzamide C9i) 

Hydrobromic   acid 1^8 

Hydrocarbons,  table  of....  467 

Hydrochloric  acid 1*"! 

Hydntcyauic  acid  701 

HydrofiTricyanic  acid 70^ 

Hydroferrocyanic  acid Ti»?< 

llydn>fluori(!  acid    1^2 

llydroflunsilicic  acid 210 

Hydrogen  •  136 

antimonide 419 

arsenides........... 423 
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bromide 188 

carbides 169 

chloride   181 

combination     of,    with 

nxvgen 140 

dioxide •  IW 

estimatiou  of,  inorganic 

bodies 44S 

ferricyaiiide  79 

ferrocyanide 708 

fluoride - 192 

monoxide  143 

phosphides 215 

selenide 205 

sulphides 200 

telluride 207 

typic -  595 

Hydrogen  salts 133 

Uydrouiellone 718 

Hydrometer 32 

Hydrometer  Ubles 827,  828 

Uydrosalicylainide  693 

Hydroselenic  acid 205 

Hydrosulphuric  acid 200 

Hydroxyl  237 

Hydrometer,  dew-point....    69 

wet-bulb-  65 

HyoiK^yamine  « 760 

Hyodyslysin 814 

Hypophosphltes 214 

Hyposulphates 149 

Hyposulphites 199 

Hypoxanthine 758 


I. 


Iceland  moss 592 

Idrialin 607 

Idryl  507 

Ignition 173 

Imides 471,  773,  775 

Imidogen-bases 237,  733 

Inciuidescence 173 

Inclination,  magnetic 109 

IntTustations  in  boilers...  229 

Indian  yellow 789 

India  rubber 491 

Indiciin 583 

Indiglucin 583 

Indigo  583,  781 

rod 782 

vat 782 

white  or  dooxidlKt'd 782 

Itidln   783 

Indium  416 

Indurtion  coil  126 

elwtric   115 

elt^ctromngnotic 124 

m^ignetic 108 

Ink,  label 7»0 

blue,  sympathetic 407 

Inosiite 678 

Inulin 592 

Inverted  Nugar 585 

Iodic  acid    190 

Iodides,  metallic 276 

Iodine  188 

action    of,    on    orgnnic 

bodies     464 

and  nitrogen 191 

and  oxygen  190 

chloride  191 

Iodoform   f>66 

Iridium 382 


Iridium :  paok 

auimouiacal  compoands 

of 884 

saltw,  reactions  of 385 

Iron 397 

acebites  6)9 

beuzoate 634 

carbonate 400 

chlorides 398 

iwlides  399 

mauufncture  401 

nitrates 401 

oxides 399 

phosphates  401 

salts,  reactions  of. 401 

sulphates  400 

sulphides 401 

Isatin 783 

Imithvde 783 

Isinglass 801 

I<M)butyl  carbinol 535 

iMOcyauides 711 

Isodulcito 674 

Isologous  series 467 

liiomeric  bodies   474 

Isomeriftm  in  the  oleflne 

series   483 

paraffin  series 478 

Isomorphism 264 

Isoprene 491 

Isopropyl     479 

Isoproppyl     alcohol    and 

ethers 531 

Isopropyl-carbinol 533 


J. 

Jade 360 

Jet 606 

Jews'  pitch 605 

Juice,  gastric 811 

intestinal 815 


K. 

Kakodyl,  see  Gacodyl......  763 

Kjilinm 290 

Kaolin 337 

Kelp 189 

Keratin 803 

Kermcs,  mineral 420 

Kc'tont'S 470,  696 

Kino  fi72 

Kir 507 

Kreatin,  see  Creatin 759 

Kres  tin ine,  see  Creatinine  769 
Kroosotei  see  Creosote  560,  563 

Knpfernickel 406 

Kyan's  method  of  preserv- 
ing timber 358 


linbiirraque's 

flnid   

liabel  ink  .... 
IjHC 

disinfecting 

330 

7W 

790 

Lac  live 

79'» 

IjHCtnmide 

fi47 

^' 

IjHcUttes 

647 

Lactic  ncid.... 
I«HCtic  ethers. 
I.<actido 

644 

648 

647 

PAOX 

lACtin 687 

Lactone 647 

Liictosa 687 

Litke 781 

Lamp,  argand 176 

Lauipbluck .'  165 

Lump,  gas- 177 

sjiftty- 178 

spirit-    176 

without  flame 143 

Land  and  seii  breeses 101 

Lrtinthauum  840 

Lapis  lazuli 30.) 

Latent  heat  of  fusion 55 

vaporization  57 

Laughing-gas  159 

I^nmonitc 337 

Law  of  equivalents 221 

Law  of  even  numbers 232 

Ltiw  of  multiples 2:.0 

Laws  of  combination  by 

volume 228 

Laws   of  combination  by 

weight 219 

Lead 394 

acetates 609 

alloys 397 

carbonate 396 

chloride  3  5 

nitrate 396 

oxides 395 

plaster 667 

red 395 

saltJi,  reactions  of 397 

sugar  of. 609 

sulphide 394 

tree 255 

vanadate 4^31 

white   39rt 

Leaven 520 

Lecanora  parella. 786 

tartarca 785 

Locanoric  acid 786 

Legumin 824 

Lepidme 748 

Lepidollte 31H 

Leucaniline  746 

Leucine 619,751 

Leucoline 748 

Leucophane   337 

Levulose 577 

lieyden  jar 118 

Lichens 785 

Liebig's   bulbs   461 

Liebig's  condenser 62 

Light 83 

blue  or  Bengal 421 

chemical   rays  of 95 

dispersion  of 85 

reflection  and  refraction 

of 83 

polarized 92 

velocity  of 83 

Lightning  rods 119 

Lignin  592 

Lignite 604 

Lime 327 

Llnio.  chloride  of. 330 

Limestone 228 

Liquefaction  of  gases 66 

of  carbonic  acid 66,  1«7 

Linuids,  boiling  points  of.    67 

diffusion  of 148 

expansion  of. 48 

laleut  heat  of 56 
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Liquidn:  PAOB 

(MIUOM   of  14U 

sptH-'iflc  gravity  of. 27 

Tolatile  orgauic,  analy- 

Hisof. 462 

Liqnorice  sugar  5H0 

Litiittri^i* .•  •••••.  ••••••  •••  uUi) 

Lithin 316 

Lithium 316 

hydrate 316 

Litmus 7bb 

LoHdMtone  107,  399 

Ixmf  sugar 684 

Lugwuod 7b9 

L<»phine   760 

Lumiuotiity,  conditions  of  173 

Lupulin 620 

Lungs 821 

Lutidine 749 

Lymph »  815 


M. 

Madder 

Mngerita  «; 

Magnesia 

nlba 

MagncHium 

CHTboimte ~ 

phcNspliatM    

salts,  reaction  of 

silicatf^s 

sulphate 

Mngnetism 

Magneto-electricity 

Magnus,  green  B;«lt  of 

Malachite 

Mahiniic  acid 

Malaniide   

Maliunyl-nitrile 

Mtilat*^ 

Mallcahillty  of    metals... 

Malting 

Maltose 

Maiiganates 

ManganvrtM 

chl(>ri(it«   

fluorides  

oxides  

salts,  reactions  of 

M.irsh's  test  lor  arsenic... 

Manganite    

Manna  sngiir 

Manuiian 

Munnite 

Mannitoso 

Alannres  

Maple,  sugar  from 

Marble 

Marc-hrandy,  fusel-oil  of... 

Mai-garin 

Mariotte*s    law 

Marl 

Mariiirs   apparatus 

Marsh  ga« 

Marsh  nialluw 

Mafif«icr>t  

MaHtic  

Mauve 

Muuv(>iue 

MeiU<uro8 

Meat 

Mechanical   equivalent  of 

heat 

Meconin 


787 
746 
349 
349 
347 
349 
349 
3i'>0 
3.-3 
349 
107 
l'J4 
376 
ili'..') 
778 
779 
779 
6<59 

619 
577 
413 
410 
410 
411 
411 
414 
427 
411 
5S7 
673 
672 
577 
8'i4 
684 
2-2S 
6:{0 
629 
39 
337 
427 
169 
779 
395 
790 
74ii 
746 
8:{9 
823 

75 
7f>3 


PAQK 

Meerschaam 360 

Melam ^ 720 

Melaniino  720 

Mvluniline 745 

Melene ^ 4M) 

Slelezitoae 6K7 

Mclitose 687 

Mcllite  ^ „ 6«o 

Mcllone 720 

McUonides 721 

MiMnbranoofl  tissue 818 

Membranes,  mucous 815 

Mercaptan 610,  529 

methyl-  515 

Mercnrammouium  salts...  862 

Mercuric  ethide 769 

Mercury 357 

acetates €10 

chlorides '6!iS 

cyanide 705 

fulminate 715 

iodides 359 

nitrates 360 

oxides 360 

Bulphatea 361 

sulphides 361 

84<lts,  reactions  of 863 

Murt  ury-compouudfl,  am- 

nutniacal 362 

Meridian,  magnetic 109 

Misityl  chloride 6^)9 

Mi'Sitylene 499,  699 

Mesotype Si37 

Mctacetone,  soelVopioue..  697 

Metacinnameno 601 

Metaha^nioglobin 799 

Metalbuudn 798 

Motaldehyde 6'*7 

Metal  lam  moniums 315 

Metalloids 127 

Metals    267 

chemical  relations  of...  270 

classiticution  of 271 

physical  prope-rtles  of...  267 

Metameric  bodies 475 

Mftapectin -  688 

Metaphof^phatea 285 

Metastannates 392 

M«>ta8tyrolene 601 

Metatercbenthene 489 

Mc'tatungstates 442 

Metavanadatra 431 

Meteorites 398 

Methane 169,  466,  474 

Methene 481 

Methenyl   ethers 665 

Methcnyl  -  diphen^ I  -  dia- 
mine   : 744 

Methide,   aluminium 769 

zinc 7»39 

Methyl 478 

acetate 610 

alcohol 612 

bases 737 

borate 515 

chloride 613 

ether 613 

iodide  613 

mercaptan 516 

nitrate 614 

oxide 613 

pheiiate 651 

phosphates 615 

s.'ilicylate 654 

silicates 615 


Methyl :  ncz 

Bulphfttes -«..«...  51i 

sulph-hydrate 5U 

»alphide .....^..  51  •> 

Meth\  lamine 7;~ 

Methylammonia  ...^ 7;7 

Methylated  spirit IV* 

Methyl-benzene 4n'> 

Methyl-carl'inol  _  Ji- 

Methyl  -clhy  I  -amyl-pbe- 

nylamnionium 742 

Methyl-ethyl-lienzene...«.  4-'9 
Blethyl-ethyl-carbinol......  b-'A 

Methyl-glycocine CU 

Methyl  -  hexyl  -  carUnol...  ;' 41 
Methyl-isopropyl-carbinul  LA 

Methyl  mercnpran...... u'.o 

Methyl-morphine «  '.' ', 

Met  hy I-cciianthol.... 641 

Methyl-salicylol »..  Cl>3 

Mica iiC7 

Microcosmic  salt............  &t^ 

Milk h\b 

spirit  frQm....w.. fM 

Milk-sugar &^7 

Mindercms.  spirit  of........  GjiS 

Mineral  chamelt-on 41  o 

watera^  tables  of 8J::-  -.:> 

Moln«srs -  ^Sl 

Molecular  actions ZM 

Molecules 1.25,  1^3 

Molybdenite Ali 

Molybdenum 44i 

Molybdenum- sal ta,  reac- 
tion of. 445 

Monoacetin ..-  til 

Monads irn 

Monanddes 77J 

Monaiuim*s 7^:2 

MouolMsic  acids... 282,  f<'.>7.  «Ui 

06«>,  'TO 

Monogens ...  2Jl 

Moncwtearin i;21 

Mordants ^ 7'*l 

Morindin _  7^9 

Blorindoue 7M« 

Morphia  or  Morphine 7-1 

Mortar.. oJ7 

Mosaic  gold :;yj 

Mucilage r>>^ 

Mucin 800.  M.- 

Mucous  membranes ^1j 

Mucus  800,  ^l.j 

Mulberry  calculus ~  SIO 

Multiplier 12:5 

Multiples,  law  of 2VJ 

Murexan 7;:2 

Murexide '12 

caffeine- 767 

Muriatic  acid 1^1 

Muscovado  sugar S>^X 

Must 61S 

Mustanl,  oil  of  .., 719 

Mycose ;^7 

Mycomelic  acid 7-1' 

Myt*in „ '•■•t\ 

Myriciu :vt; 

Jlyricyl  alcohol ."i;^', 

Myristica  otoba C21 


N. 

Naphtha .W5 

Naphtha,  Burmese :u7 

Naphthalene 502 
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Nnphthalidine 743 

Narceine ^..  7M 

Narcogeniue 753 

Karcotine 753 

NeOeKlegil 507 

Nephelln 337 

Nervons  substaoce 818 

Noiirin©  803 

Neutrality  of  salts 283 

Nickel  405 

•fuilts,  reactions  of. 406 

Nicotine 760 

Niobium 634 

Nitraniline 742 

Nitranislde 095 

NitraniHidine 551 

NitmniAol 551 

NitrHtes 159 

Nitre 294 

cuhic 308 

sweet  spirits  of  526 

Nitric  add    168 

action  of,  upon  amyla- 
ceous and  saccharine 

Bnb^ttinces 593 

acid,  fumini; 161 

Nitrides,  metiillic 162 

Nitrile-basos 470,  732 

Nitro-benzene» 495 

Nltro-uumene 499 

Nitro-cymene  500 

Nitroforni 566 

Nitroglycerin   568 

Nitrogen   163 

chloride 189 

compounds  irlth  oxygen  157 

with  hydrogen 162 

with  boron   208 

dioxide     - 160 

estimation    in    organic 

bodies 453 

Iodide     191 

monoxide 160 

peutoxide 158 

tetroxide 161 

trioxide 161 

Nitrotnctlu 588 

Nitro-naphthalenes  StOm 

Nitro-phenols 552 

Nitropru&tides 709 

Nitro-thyraols. 554 

Nitro-tolnenes 497 

Nitrous  ucid 1>S1 

ethw  ...i 526 

owde 161 

Nitro-xylenes... 498 

Nomenclature 132 

of  alcohols 512 

of  hydrocarbons 469 

of  salts 2*2 

Nonane .467,  477 

Nonene ^  480 

Nonyl  alcohol 542 

Nordhansen  sulphuric  acid  196 

Notation,  chemical 226 

Nut-galls 672 

Nutrition,  nnimal 822 

plastic  elements  of 824 

vegetable 826 

0. 

Occlusion  of  gases 139 

Octaramonio-platlnlc  com- 
pounds   377 

72 


PAOI 

Octane 467,  477 

Octeiic  or  octylene. 467 

glycol    656 

Octyl  iilcohols  and  ethers.  541 

chloride 542 

carbinol 643 

(Enauthol  or  oenanthylic 

aldehyde   679 

Oil  gas 172 

Oil  ot  aniseed 695 

of  bergamot 491 

of  bitter  almonds 690 

of  cicuta 691 

of  cinnamon 691 

of  cloves  491 

of  ciipaiba 491 

of  cubebs   491 

of  cumin 691 

of  elemi 491 

of  garlic 645 

of  gaultheria   procum- 

bens  664 

of  Juniper 491 

of  laurel    491 

of  lavender 491 

of  leniuu 491 

of  mcndow-swcet 693 

of  mustard   ^ 719 

of  onions 646 

of  orange  flowers 691 

of  orange  peel 691 

of  ptychotis 564 

of  rosemary 491 

of  rue 689 

of  spirsea  ulmaria 693 

of  thyme   654 

of  turpentine 488 

of  vitriol 196 

of  wintergreen 664 

Oils,  drying  and  non-dry- 
ing   630 

volatile 491,  492 

Oleflant  gas 170 

Olefiues   469 

compounds  of,  with  hal- 
ogens   482 

Oleins 629 

Olive  oil   ....  629 

Opiammune 75:i 

Oplanine  754 

Opium 751 

Orange-flowers,  oil  of. 691 

-peel,  oil  of 691 

Orcein 691 

0-cin  691 

Orgiinic  bases 732 

chemistry,  the  chemis- 
try of  carbon  com- 
pounds     447 

substances,     action     of 

heat  on 462 

substances,  class!  flcation 

of  464 

substances,  decomposi- 
tion of 462 

substance*,  elementary 

analysis  of.    448 

substances,  synthesis  of  447 
Org»no-metallic  bodies  471,  768 

Orpiment  424 

Orthophosphates 2S5 

Osmium     3S7 

Osmose  of  gases 138 

of  liquids 149 

Ossein 818 


PAOK 

Oxalates 669 

Oxalic  acid 667 

ethers 660 

Oxamethnnes 660,  777 

Oxuniethylane 661 

Oxuniic  acid 659,  777 

ether 601,  777 

Oxamide  659,  778 

Oxanthracene 605 

Oxatyl 696 

Oxides 132 

alcoholic 469,  509 

meUillic 278 

Oxygen    128 

its   action    on    organic 

comi>ounds 462 

Oxygen-t>thcrs 469,  509 

of  the  glycols 600 

of  the  polyglucosic  alco- 
hols   589 

OxygenHNilts 133,  280 

Oxy-liydrogen  flame   and 
blowpipe 142 

safety-jet 141 

Oxyphenol 662 

OwHjerite 507 

Ozode 135 


P. 

Palladium  278 

ammoniacal  compounds 

of  479 

Palmitins 622 

Palm-oil 622 

Pancreatic  fluid 814 

Papaverine 764 

Papyrin 693 

Paraban 729 

Paracyanogen 700 

Parafiin 477 

Paraffins 474 

substitution-products  of  478 

Paraglobin 796 

Paraglobulin 796 

Paralaotates 647 

Paralbumin  796 

Paramagnetic  bodies 110 

Puramido 665 

Puraniorphine 754 

Paramyleue    537 

Parnnaplithalene  605 

Paranilino .'.....  741 

Parapectin 588 

Parapeptone  795 

Parasaccharose 584 

Parchment  paper 593 

Parmelia  parietimi 787 

Pavlln  679 

Pearl-ash   296 

Pendulum,  compensating.    46 

Pentads 231 

Pentethyl-ethone-diammo- 

nium  iodide 744 

Pepsin SCO 

Peptone 797 

Perch lor!it«*8 - l-e 

PercnsHion-caps 715 

P»*ri8><»ul8 231 

PermanKsnati^s  413 

Peroxide  of  chlorine 186 

Persulphide  of  hydrogen..  202 
Peru  balsam 791 
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Pprarin,  we  Cinnyl  alco- 
hol   &54 

PeUlite » 3ie,  337 

IVtinine 749 

lVti«nkofer'sbil»-ta8t 813 

IVtruh'um 477 

IVtuntze 347 

IN'wUrr ~  421 

l'liMM*oinanDit« 678 

Phi'Uamylul 661 

Phenatea 651 

Phenetol.... 661 

Phenol 660 

Phenols 660 

diatomic 662 

xylylic 663 

Phenyl  494 

Phenyl  alcohol 660 

liitHes     739 

chloride 661 

cynnido 710 

hydrate 660 

Plun\laniino 739 

Phony  I-dibcnsiimide 773 

Ph«nylene    600 

Phony lone-dianiino 744 

Phenyl-melunilhie  746 

Pliihwophy,  chemical 219 

Phlorctin 681 

Phlorizin f*n 

Phloroglncin 670 

Piioroue 664 

PtioRgeno  gas ~ 204 

Phosphateri 285 

Phosphide  of  calcium 832 

Phohphine. 286 

PhosphiiiM    .471,  760 

PhiMpliori'tted  hydrogen..  215 

Phojtphoric  acid 214 

Pliortphorua 212 

umorphouti 213 

-Immtt 6('4 

broniidcN 217 

chlorides 216 

estimation  of,  in  organic 

conipouuda. 467 

hy.lrido 218 

iodidfH 217 

8el«Miides 218 

8nlphld««   217 

Photogpipliy 96 

Pliycite 671 

Picoline 748 

PicriMTythrin 785 

Pinacone 699 

Pinito   672 

Pipcrine 7»« 

Pitchldende 414 

Pitch,  niinenil 605 

I'InntR,  Hnpply  of  carbon  to  824 

PlastiT  of  Paris 218 

Plato  glass 218 

Platinnra 372 

ammoniacal  compounds 

of  374 

chlorides 373 

oxi.li'fi 374 

«!«ltn.  r»*action«  of 378 

Hulpliiildt 374 

wnrfiicH  action  of 142 

Pliitiimm-blftclc 373 

Plumhfign 164 

PlunilHahyl 770 

Plumbic  compounds 396 

Pneumatic  trough 129 


FAOB 

Polarity, chemical 251 

dianiaguetic 112 

electric 116 

magnetic 107 

Pokiriuition  of  light 91 

circular 03 

Poles,  electric 116,  246 

Polyba«ic  acids 282 

I'olyethenic  alcohols 561 

Polygenic  elements 222 

Polyglucosic  alcohols 683 

oxygen  ethen  of 689 

PolyglycerioH 669 

Polymeric  bodies 475 

Populin 682 

Porcelain .-  346 

Porphyrozine 764 

Porphyry 336 

Potash 293 

crude 296 

Potash-bulbs  450 

Potassammonium 311 

Potassio-ferroQs  ferricyan- 

ido 707 

ferrocyanide 707 

Potassium 290 

acetates 60S 

alum 336 

bensoate 634 

bic4irbouato 297 

binulphate 297 

bromide 292 

carlxmate 296 

chlorate  1*95 

chloride « 291 

cyanate 713 

cyunido 703 

ferricyanide ....~  709 

feri'ucyauide 706 

formate 406 

hydrate 293 

iodide 291 

manganate 418 

mellonides. 721 

nitrate 294 

oxalate 669 

oxides 292 

pi>rchIorate 296 

permanganate 413 

prussiates 706,  709 

sulphates 297 

sulphides 298 

sulphocyanate 717 

tartrates 674 

tetroxide 293 

urate 724 

Potassium-ethyl 7«9 

Potahsium-methyl 769 

Potassium-salts,    reaction 

of 29<> 

PotasKoxyl 2-'<7 

Potato^il  635 

PrecipiUte,  red 360 

white 3IV2 

Prehnite 337 

Pressure    of    the    atmos- 
phere      39 

PriHm.  Nicliol's 93 

Pro(>r  spirit 618 

Propiine 467,  47iS 

Propene 480 

Propone  alcohol,  or  glycol  666 

Proponyl  alcohol 666 

Propine 686 

Propione 697 


riot 
ProportioDi,  multiple —  £9 

Propyl ..478,  631 

Propyl  alcohol... .«....~ ;31 

Propylamine 734 

Prupylene,  see  Propene —  480 

Propyl-pbydte 571 

Protagon..... ...~.......  8(i3 

PruasianblQe ~ 7('7 

Pmsslate  of  potash,  rcd.^  7C9 
yellow... ...... ........  a.....  'M 

Prosaic  acid  ......m.... .......  7^1 

Pseudo-erythrin  ..............  7^« 

Pneudo-morpfaine..... ......  7.'4 

Ptyalin MO 

Puddling.. 403 

Purple  of  Ossaiiia —  XI 

Pnrpurate  of  ammonia....  7^^: 

Puri'urin .~.....  1^^ 

IHirree ~.  7^ 

Pnr  reoone ~... 7  ^ 

Pus 800,  815 

Putrefoction - 4fi3 

Pyln - ~.« — MO,  S14 

Pyren«.~ ~~ SOS 

Pyridine 749 

Pyrites - 401 

PyroRcetic  spirit,  see  Ace- 
tone  —  »....  (^ 

Pyroliensoline ~....  ".'••^ 

Pyrocatechin .''♦2 

I^rogMllol ....... tTO 

Pyrolusite 412 

Pyn»meter...... 47 

Pyrophoms  of  Homberg..  ^S^ 

Pyrophosphates *>7 

Pyroxylin  ...~ 5^ 

Pyrrol .^.....^ ........  749 


Q. 

QnadriTalent  elements..  -  3S1 
Quart«ne............467,  476,  4TT 

Qiiiirt«-ne 4t7,  4^0 

Quartene-glycol ><i 

Qnartine .....467.  4^ 

Quartyl 4t" 

Quartyl    aloohola    and 

ethers.. 533 

Quarts 210 

Quatttordecane 477 

Querretin '^' 

Quorcite ,^^  .  •'- 

Quercitrin 'SI 

Quercitron  bark ^^'l 

Qoick*ilTer. ~ f-^T 

Qnioa 7^4 

Qnindecane 477 

Qninhydnme f-^^ 

Quinictne 7&i 

Qninidine 75d 

Quinine - 7-4 

Quinine,  amorphooa.......  7-^ 

Quinofdine 755 

Quinone «**) 

Qninqnivalent  elements..   «^] 

Qniniane ..  467,  47> 

Quintene 4457,  4t>0.  4^2 

Qiiintene  glycol  .  -..  ''^ 

Quintenyl alcohol «* '^ 

Quintine ~ 4«^7 

Qnintone .~  4-^ 

Quintyl    alcohols    mmI 

others 53i 
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Racemates 677 

Radiation  of  beat 99 

Radicals 237 

Rangoon  tar Ml 

Realgar 424 

Red  Are 326 

R«d  lead 395 

Iletl  oxide  of  nianganeae^.  412 
Reducing  agents,  nction  of, 

on  organic  bodies 406 

Refining  of  pig-iron  403 

i;«;flection  of  heat 99 

of  light 83 

Rffraction,  double 91 

of  light 84 

Reinsch'i  teet  for  arsenic.  427 

Rennet 816 

Ra*i(lues...... 237 

Re-Hins 790 

Reein  of  Fieus  rubiginntta  549 

Respiration 132,  820 

Reteue ....~  505 

Retinite  608 

Revprbfratory  fnrnace 173 

Rliodium 380 

Kiver  -  water,  analyses  of  S.'U, 

835 

Roccella  tinctoria 786 

Roccellinin 786 

Rochelle  salt Q75 

Rock-oil 606 

Rook-salt    ».  300 

Roman  alum 330 

Roaaniliue 746 

Rtjseine 746 

Kue,  oil  of  679 

Rnbia  tinctorum 787 

Rubiaoin 788 

Rnbiaclcacid 788 

Rubinn 788 

Knbidium 316 

alum 3:i6 

Rnby 334 

Rnst 398 

Rutiienium  .....  885 

-salts,  reactions  of 387 

RutUe 393 


S. 


Saocharimeter 93 

Saccharose 684 

Safety  lamp 178 

Safflower  ~  788 

S)4ffron 789 

Sago 692 

Sal-alemhroth 358 

Sal-ammoniac 812 

Siilep  592 

Salicin 681 

Saiicylamide. 693 

ftilicylfc  acid 653 

aldehyde 092 

ethers 654 

Salicylites 693 

Sallcylol  692 

Salicylous  acid 692 

Saiigenin  681 

SaliroUn 5x2 

Saliva  811 

Salsola  soda.   301 

Salt,  common ~  800 


Salt:  p.\OB 

definition  of ...183,  280 

of  sorrel 659 

Salt-cake  process 302 

Sitlts,  acid 281 

basic 283 

binary  theory  of. 281 

constitution  of 133 

double  281 

normal  or  neutral........  281 

Saltpetre 294 

Sandarac 791 

Saponification.. 667 

Stipphire 334 

Sarctilactates 647 

Sarcine 758 

Sarcosine... 614,  759 

Scagliola 328 

Scheelo's  green 425 

Sea-irater,  composition  of.  146 
Secondary  butyl  alcohol...  634 

phenyl  alcohols 550 

oetyl  alcohol 541 

propyl  alcohol 531 

electrolytic   decomposi- 

Uon 247 

Seggare 347 

Seignette  salt 675 

Selenetted  hydrogen 205 

Selenic  acid 205 

Selenides,  metallic 289 

Scleniocyanatcs 720 

Selenlous  acid 204 

Selenite    328 

Selenium   204 

Soptiviglntuno 480 

Serie.i,    homologous    and 

isoiogous 466 

Serpentine 350 

Serum  of  blood 8i>6 

Sexdecene  4K0 

Sexdccyl  alcohol 54'J 

Sextino 487 

Sexvalent  elements 331 

Shale 3;J7 

Slu'Uao 790 

Sikes*8  hydrometer 828 

Silica 210 

Slllcated  hydrogen 211 

Siliciites  of  aluminium....  336 

of  magnesium 350 

Silicic  acid .210 

Silicic  others 515,  529 

Silicotungstfttes 443 

Sillcium  or  Silicon 209 

chloride 211 

fluoride 210 

hydride 211 

oxide 210 

Silver 817 

acetate 610 

benzoate 634 

carbonate 321 

chloride 319 

cyanate 713 

cyanide    705 

cyannrate 714 

ferrocyanide 709 

fluoride 319 

fnlralnnte   714 

liyposulphate .321 

hypoMulpiiite 821 

iodide 319 

oxides 319 

sulphate  320 

Silver-alnin ,•.,...,.  328 


PAOK 

Silver^alts,  reactions  of...  821 
Sil  ver-eUiudard  of  England  322 

Sinamiue 720 

Sinapoline 720 

Size 802 

Skin 818 

Slate a-57 

Smalt 409 

Smee's  battery 254 

Soap 626 

Soup-stone 350 

Soda 801 

Soda-ash  process 802 

Sodsrash,  t«eting  its  value  303 

Sodanimoninm. 810 

Sodium 299 

acetate 608 

bicarbonate 803 

bii>ulphate 307 

borates  309 

bromide 301 

carbonate 301 

chloride 300 

cyanide  704 

ferrocyanide 708 

hydrate 301 

hyposulphite 307 

iodide 301 

nitntte 308 

oxalate 659 

oxides    301 

phosphates 308 

eulphittes 307 

snlphidus 809 

tartrates 675 

nrate 724 

Solauiito 769 

Solar  spectrum ^    86 

Stilder 897 

Soleil's  saccbarimeter 93 

Solids,  expansion  of 45 

specific  gravity  of 29 

Solubility  of  salts 147 

Sorai\jee 789 

Sorbin 678 

Sorrel,  salt  of 659 

Siiar,  calcareous.... 229 

Sparteine  760 

Spathoso  iron  ore 400 

Specific  gravities  of  mettils  267 
gravity    of   solids   and 

liquids 27 

heat 69 

Speculum  metal 356 

Spectroscope 88 

Spectrum 86 

Spectrum-analysis 87 

Speiss  405 

Spermaceti 54^1 

Spirit,  methylated 518 

Spirit  of  Mindererus 608 

Spirit-lamp 176 

Spirits,  table  of  spec.  fir. 

of 880,  RCl 

Spodumene 316,  Xi' 

Spongin 8  '.i 

Springs 147 

Si>iing- water,  fresh,  analv- 

sesof  834,  836 

Sbinnites,  mettillic 391 

Stannethyls 770 

St>innlcand  stannous  com- 

lioumls 390 

Stannic  etbide 770 

St4Uinoso-s tannic  ethide...  770 


856 


IKDEX. 


PAGI 

Btennons  etiiide 770 

Starch Wtt 

BtHte,  change  of,  by  heat.    55 

Stestm,  elaMtic  furcu  uf. 69 

8toam  bath -    80 

Steam  eii(cine         GO 

spwlfic  gravity  of 146 

latent  heat  of ,...     69 

Stearic  ethen ~  6'25 

Stearin 625 

candles 625 

Stearoptene 492 

8t«>:itite 350 

Steel    403 

Stibethyl  V 761 

Stilbene 604 

Stilbite 337 

Stoneware 347 

Storax 791 

Struntinm    and    its  com- 
pounds   ...  325 

Strontium  Halts,  reactions 

of  .326,  332 

Strychnine 756 

Styphnic  acid 789 

Styracin 641 

Styrol  o*"  Btyrulene 601 

Styrone 554 

Styryl  alcohol  654 

Sublimate,  corrosive 358 

Sublimation 61,  634 

Subittitutloa 225,  330 

Succinates 662 

Sugar  684 

action    of  dilute    acids 

upon 586 

action  of  alkalies  npon.  586 

candy 589 

Sugar,  copper  test  for  the 

VHrit'ties  of 676 

from  diabetes     675 

Sugar  from  starch  or  dex- 
trin   675 

of  fruits 077,  585  | 

from  ergot  of  rj'e 587  , 

of  Iwd 600  I 

of  milk    687 

Sugar,  inverted 677 

Sugar-forming  ferments  in 

saliva 801 

Sugars,  action  of,  on  iKilar- 

ized  light 675 

Sulphnniic  acid    314 

Sulphanisolic  acid 551 

Sniphuiitimonat»« 420 

Sulphantinionitea 420 

Sulphursonntcs  424 

Sulplmrseiiit<'s 424 

Sulpliione 247 

SulphiHiithyde 7S4 

Sulphites 190 

Snlpho-acids 6^2 

Sulphobenzide 483 

Sulphocnrbonic  ethers  .....  650 
Sniphocyanatus,  metallic.  717 

BiilplHx-yanic  pthem ,  718 

SuIplioniolylHlates 446 

SnlphophoHphatoH 218 

8ulphotung8tates 443 

gulphovinates 62<3 

Sulphur 193 

allotropic  niodiflcntions 

of 194 

aunitum 4'2Xi 


Sulphur :  paob 

and  carbon 202 

bromides 204 

chlorides 203 

eiflimation  of,  in  organic 
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THB    ELBHBlfTS    OF    CHBBIISTRY, 

INCLUDIKO  THE  APPLICATI0K8  OF  THE  8CIEHCE  TO   THE  ABT8. 

By  THOMAS  GRAHAM,  P.  R.  8. 

Second  American,  from  the  Second  Revised  and  Enlarged  English  Edition. 

Edited  bt    HENRY    WATTS,    F.  G.  S.,   and   ROBERT   BRIDGES,    H.  D. 

With  Two  Hondrttd  and  Thirty-three  Illixatratlona  on  Wood. 

OmtpleU  in  one  vo/unw,  hirgf.  octaro^  n/  850  dntdy  printed  paga^  extra  doth^  $5^0.    Qmtainivff 

the  whole  of  the  ttoo  vtAumei  of  the  Ltmdon  edition. 

The  publishers  haye  gotten  ap  the  work  in  their  oraally  excellent  etjle;  the  wood  engrav- 
ings  are  beHiitifulIy  execiitvd,  end  altogether  the  chemical  student  or  physician  will  And 
nothing  better  or  so  good,  wt  a  standard  and  complete  text-book,  as  this  new  edition  of  Orahani. 
—  Ciueinnati  Lancet. 

We  have  always  regarded  Graham's  Chemistry  as  one  of  the  best  standard  works  upon  the 
importnnt  department  of  science  to  which  it  in  directed,  und  its  merits  we  believe  are  so  gen- 
erally admitted  that  any  lengthened  commendation  from  us  becomep  nnneceesary.  Suffice  it, 
then,  to  observe  that  we  know  of  no  more  reliable  anthority  to  which  reference  cnn  Ih«  made 
than  the  text  of  this  valuable  work,  nor  of  any  better  odapted  to  the  general  purposes  of  the 
student  in  search  of  sound  and  profitable  intelligence.  Of  the  totality  it  may  be  curtly  ob- 
served —  it  is  everywhere  good,  and  the  descriptions  are  as  intelligible  as  they  are  comprehen- 
sive.—  Montreal  Med.  Otroniele. 

The  very  best  work  on  Inorganic  Chemistry  extant,  and  published  in  the  best  style.  —  iV.  O. 
Med,  News  and  Hotp.  Gatdte. 

BOWMAN  S  PRACTICAL  CHEMISTRY. 

INTRODUCTION  TO  PRACTICAL  CHEMISTRY— Including  Analym. 

Bt  JOHN  E.  BOWMAN,  M.  D. 

Editkd  bt  C.  L.  BLOXAM,  Professor  of  Practical  Chemistry  in  King's  College,  London. 

^mrlh  American,  from.  the.  Fifth  and  Revised  EngUsh  Edition.    In  one  handsome  royal  VZmo. 

volume^  mth  numerous  iUustratums ;  extra  cloth,  $2.26. 

The  works  of  the  late  Professor  Bowman,  on  Chemistry,  have  long  and  deservedly  held  a 
prominent  place  in  our  scientific  literature,  and,  if  there  be  any  one  reason  for  this  more 
marked  than  another,  we  dhould  my  it  is  because  of  their  comliined  concioeness  with  correct- 
nesd.  Not  a  sn|)erflnou8  word  is  employed,  and  much  space  is  thus  saved  that  in  many  authors 
iff  wasted  In  vague  generalities  and  confusing  theoretical  discussions,  that  bewilder  rather  thnn 
enlighten  the  student  This  edition,  which  is  prepared  by  Professor  Bowman's  successor  at 
King's  ColI(>ge,  is  quite  up  to  the  advances  that  are  constantly  making  in  this  progressive 
science.  —  JV.  Y.  Medical  Jnumal. 

It  will  be  found  one  of  the  best  guides  for  the  student  of  practical  chemistry,  and  a  very 
convenient  manual  for  reference  by  the  profession  generally. —  Chicago  Med.  Examiner. 


BOWMAN'S  MEDICAL  CHEMISTRY. 
PRACTICAL   HANDBOOK  OF  MEDICAL    CHEMISTRY. 

By  JOHN  E.  BOWMAN,  F.  C.  S., 

Formerly  Professor  of  Practical  Chemistry  in  King's  College,  London. 

Edited  by  CHARLES  L.  BLOXAM, 
Professor  of  Practical  Chemistry  in  King's  College,  London. 

Fifurth  American^  from  the  Fourth  and  Revined  London  Editirm  ;  with  numerous  illustrations. 
In  one  neat  royal  l2mo.  volumf  of  351  pages  ;  extra  dothj  $2.25. 

Bowman's  TTandtiook  of  Medical  Chemistry  has  been  so  well  appreciated  by  the  medical 
public,  that  any  extended  notice  of  a  new  edition  would  be  unnec«'SSHry  were  it  not  for  the 
appi^imnce  of  another  nnme  on  the  title-page,  and  the  extenHive  alterations  and  ndditions  which 
have  been  made.  The  student  and  practitioner  have  here  offered  to  thcni  a  lKX>k  which  will  be 
fiiund  very  useful,  as  a  guide  and  sid  in  the  application  of  modem  chemistry  and  microscopic 
analysis  to  medical  srienre.  the  importance  of  which  will  be  more  and  more  appreclHted,  as  phy- 
sicians avail  themselves  of  the  means  which  are  thuti  offered. — Am.  Journal  of  Mni.  Scimcts. 

Pew  stndents  of  m<»dlrine,  we  suppose,  are  without  a  copy  of  one  or  other  editions  of  this 
vnhiabli*  and  handy  work,  and  possibly  there  are  but  few  of  onr  yonnger  feIlow-pr«''titloners 
who  do  not  fliid  it  still  a  useful  book  for  reference.  On  this  supposition  it  can  hnrdi.v  txf  neces- 
sary for  us  to  offer  any  criticism  on  its  merits. — Britislt  and  Fbreign  Medico-Chirurgiail  Beview. 


HEITBT  0.  LEA,  Philadelphia. 


BBANBE  AND   TAYLOR'S  CHEMISTRY, 

NEW  EDITION,  JUST  ISSUED. 


CHEMISTRY. 

BT 

WILLIAM   THOMAS   BRANDE,  D.  C.  L ,  Ac, 

ALFRED    SWAINE    TAYLOR,    M.  D,,    F,  R.  S., 

ProfcMor  of  Chemistry  and  Mediod  Juriaprudeuce  in  Gny^s  Uoepital,  London. 

Second  American  Edition^  thmxntghly  rwittd  by  Dr.  Taylor.    In  one  large  octavo  vobtme  of  761 

cUuely  printed  pa^et :  extra  doth,  $6 ;  Uattier^  $6. 

We  do  not  hesitHte  to  pronounce  this  the  ablest  work  on  chemistry  in  the  En^ish  langiwge. 
Iowa  Med.  Journal,  April,  1868. 

The  reco^ized  value  of  this  treatine,  and  its  rppatation  both  here  and  abroad,  render  it 
nnn«c(WMry  for  us  to  more  than  ctill  attention  to  thin  new  cditiuii,  which  the  American  pub- 
liKher  h&A  broiif^iit  out  with  great  caro  and  accuracy,  tlie  supervision  of  the  work,  as  it  \mB>M 
throu^sb  the  press,  being  iutrusted  to  a  competent  chemist.  —  iVew  lork  Medicai  Journal, 
Marcli,  1868. 

An  eminently  practical  and  truly  admirable  work.  —  Leavenwortit  Med.  HrroJld,  Nov.  1867. 

One  of  the  most  U8«'fiil  and  complete  in  the  langnago.  It  has  been  already  Hnnoanced  offi- 
cially as  the  text-bt>ok  in  one  of  our  niedicid  colleges,  and  we  expect  other  schools  to  foliow. — 
St.  Louis  Mfd.  and  Surg.  Journal,  Dec.  1867. 

ITiIr  is  nn  el(>|y:ant  volume  of  nearly  eight  hundred  pages,  and  as  a  manual  for  students  seems 
all  tliat  could  be  desired.  It  is  full  withuat  being  lengthy,  minute  without  being  wf^risone, 
and  written  in  a  manner  calculated  to  attract.  It  is  a  first-class  book  for  students,  and  as  siirh 
we  coufltlently  recommend  it  to  them.  Those  who  may  desire  to  purchase  it  may  be  sure  of 
having  in  it  all  the  latest  chemical  knowledge. — Qinaaa  Med.  Journal,  Not.  1867. 

The  one  l»efore  us,  which  is  the  Joint  labor  of  two  of  the  greatest  minds  in  Great  Britain, 
can  most  certainly  demiitid  for  itself  the  highest  rank  in  the  special  department  of  which  it 
treats.  Although  a  work  of  Isrge  size,  being  an  octavo  of  over  seven  hundred  pttges,  it  is  filled 
with  such  Hulijects  its  are  useful  to  the  student  of  cvery-day  chemistry,  or  to  the  practical  man 
who  measures  the  utility  of  every  scientific  fact  in  proportion  to  Its  capability  of  being  demoo- 
strated.  In  other  wordtn,  it  is  CHlculut«d  in  our  opinion  to  give  to  the  medical  man  the  broadeet 
{lossiMe  groundwork  for  the  study  of  chumi^ty,  and  the  application  of  its  great  truths  to  the 
evitry-day  necessities  of  pntctical  life.  Nothing  more  is  attempted,  and  nothing  more  is  needfd, 
in  a  work  Kpecially  designed  for  medical  practitiouors  and  studenta. — N.  Y.  Medical  Record, 
Nov.  15,  I8tt7. 

One  of  the  standard  works  on  chemistry:  alike  valnablo  for  the  student  and  for  reference  by 
the  practitioner;  well  up  to  the  times,  containing  the  latest  discoveries. — Detroit  jRertoo  of 
Medicine  and  Pharmacy,  Dec.  1867. 

Any  full  or  critical  notice  of  such  a  work,  in  this  place,  would  seem  to  be  uncalled  fat.  To 
the  airot'ul  student,  who  desires  a  full  and  complete  text-book  in  this  department  of  study,  we 
commend  the  volume  before  us.  —  Cincinnati  Lancet  and  C^tnrver,  Nov.  1867. 

A  work  of  real  merit,  such  as  every  student  and  ])ractitioner  will  find  useful,  both  for  study 
and  reference.  —  Oiioago  Metiieal  Examiner,  Oct.  1867. 

The  pervadinz  Idea  is  to  afford  such  information  on  chemistry  as  will  be  of  most  advantage 
to  the  student  who  cannot  devote  his  whole  time  to  the  study.  The  foundation  is  laid  in  this 
work  for  a  deeper  research,  if  time  and  inclination  p<-rndt  Altogether  it  is  a  very  valuable 
text-book  for  the  student  of  medicine,  and  may  well  be  adopt^^d  by  every  medical  college;  the 
constant  reference  which  the  phyftlciau  must  make  to  this  science  will  render  the  work  abso- 
lutely necessary  on  his  shelves.  —  5t.  Loui$  Medical  Reporter,  Nov.  1, 1867. 

The  author  appears  to  have  extended  his  care  to  all  portions  of  the  work,  organic  and  inor- 
ganic. Among  the  former,  additions  will  be  found  at  chloroform,  nitro-glycerine,  anil  in  col«»r«, 
valerianates,  spectrum  analysis,  and  other  subjects  have  also  bben  enlarged,  so  that  the  claims 
of  the  b<K)k  presented  tf»  the  student  are  strong  and  decided,  as  being  up  to  tlie  present  tiin», 
and  meriting  his  confidence. —^w.  J,»umal  of  Pharmacy,  Nov.  1867. 

Gives,  in  the  clearest  and  most  summary  method  possible,  all  the  facts  and  doctrines  of  chem- 
Ijitry,  with  more  especial  reference  to  the  wants  of  the  medical  student— Xoiuftm  Medical 
Ttmes. 


HENRY  C.  LEA,  Pliiladelpliia. 
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ASHTON  (T.  J.)  ON  THB  DISEASES,  INJURIES,  AND  MALFOR- 
MATIONS OF  THE  RECTUM  AND  ANUS.  With  remarks  on 
Habitual  Constipation.  Second  American  from  the  fourth  London 
edition,  with  illustrations.    1  vol.  8vo.  of  about  300  pp.,  cloth,  $3  25. 

ABNOTT  (NEIL).  ELEMENTS  OF  PHYSICS  ;  or.  Natural  Philo- 
BOPHT,  GxNBBAL  AND  Medical.  1  vol.  8vo.,  with  illustrations, 
cloth,  $2  25. 

ABHWELL  (SAMUEL).  A  PRACTICAL  TREATISE  ON  THE  DIS- 
EASES  OF  WOMEN.  Third  American  from  the  third  London  edi- 
tion.     In  one  8vo.  vol.  of  528  pages,  cloth,  $3  50. 

ATTFIELD'S  CHBMISTBY— GENERAL,  MEDICAL,  AND  THERA- 
PEUTICAL.     Inlvol.  8vo.     {In press.) 

BBINTON  (WILLIAM).  LECTURES  ON  THE  DISEASES  OF  THB 
STOMACH  ,■  with  an  introduction  on  its  Anatomy  and  Physiology. 
From  the  second  London  edition,  with  illustrations.  1  vol.  8vo.  of 
about  300  pages,  cloth,  $3  25. 
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BRAITDE  (WX.  T.),  AVB  ALFBBD  8.  TATLOE.  CHEMISTRY. 
Second  Amerioan  edition,  tboroaghly  revised  by  Dr.  Taylor.  In 
one  large  and  handsome  octavo  volume,  extra  oloUi,  $5 ;  leiUher,  $6. 

BIOELOV  (HSNBT  J.)  ON  DISLOCATION  AND  FRACTURE  OF 
THE  HIP,  with  the  Redaction  of  the  Dislocations  by  the  Flexion  Me- 
thod.    In  one  8vo.  vol.  of  150  pp.,  with  illnstrations,  ext.  cloth,  $2  50. 

BA8HAK  (W.  R.)  RENAL  DISEASES ;  A  CLINICAL  GUIDE  TO 
THEIR  DIAGNOSIS  AND  TREATMENT.  With  Illastrations. 
1  vol.  12mo.,  extra  cloth,  $2  00.     {Jutt  Ready.) 

BUKSTEAD  (F.  J.)  THE  PATHOLOGY  AND  TREATMENT  OF 
VENEREAL  DISEASES.  Including  the  results  of  recent  investi- 
gations upon  the  subject.  A  new  and  revised  edition,  with  iUnstra- 
tlons.     1  vol.  8vo.,  of  640  pages,  cloth,  $5. 

AHD  CULLEEIER'S  ATLAS  OF  VENEREAL.  See  'Ccllvbibb.' 

BARCLAY  (A.  W.)  A  MANUAL  OF  MEDICAL  DIAGNOSIS;  beiDg 
an  Analysis  of  the  Signs  and  Symptoms  of  Disease.  Third  Americtn 
from  the  second  revised  London  edition.  1  vol.  8vo.,  of  451  pages, 
cloth,  $3  60. 

BARLOW  (GEORGE  H.)  A  MANUAL  OF  THE  PRACTICE  OF 
MEDICINE.  With  additions  by  D.  F.  Condie,  M.D.  1  voL  8vo., 
of  over  600  pages,  cloth,  $2  50. 

BAIRD  (ROBERT).  IMPRESSIONS  AND  EXPERIENCES  OF  THE 
WEST  INDIES  AND  UNITED  STAIRS.  1  vol.  royal  12mo.,  doth, 
75  cents. 

BUCKLER  (THOMAS  H.)  ON  FIBROBRONCHITIS  AND  RHEU- 
MATIO  PNEUMONIA.     1  vol.  8vo.,  of  150  pages,  cloth,  $1  35. 

BOWMAN  (JOHN  £.)  A  PRACTICAL  HAND-BOOK  OF  MEDICAL 
CHEMISTRY.  Edited  by  C.  L.  Bloxam.  Fifth  American,  from 
the  fourth  and  revised  London  edition.  With  nnmerons  illustra- 
tions.    1  vol.  royal  12mo.  of  360  pages,  cloth,  $2  25. 

INTRODUCTION  TO  PRACTICAL  CHEMISTRY.  INCLUDING 

ANALYSIS.  Edited  by  C.  L.  Bloxam.  Fifth  American,  from 
the  fifth  and  revised  London  edition,  with  numerous  illustrationi. 
1  vol.  royal  12mo.  of  350  pages,  cloth,  $2  25. 

BRODIE  (SIR  BEKJAMIN).  CLINICAL  LECTURES  ON  SURGERY. 
1  vol.  8vo.,  of  350  pnges,  cloth,  $1  25. 

CHAMBERS  (T.  K.)  THE  INDIGESTIONS;  OR,  DISEASES  OF  THE 
DIGESTIVE  ORGANS  FUNCTIONALLY  TREATED.  Third 
American  Edition,  thoroughly  revised  by  the  author.  1  vol.  8vo., 
of  over  300  pages,  cloth,  $3  00.     {Just  ready.) 

03LOMBAT  D£  L'ISERE.  THE  DISEASES  OF  FEMALES.  Trans- 
lated by  Charles  D.  Meigs,  M.D.  Second  edition,  with  numerous 
illustrations.     1  vol.  8vo.,  of  720  pages,  cloth,  $3  75. 

CARPENTER  (WM.  B.)  PRINCIPLES  OF  HUMAN  PHYSIOLOGY. 
WITH  THEIR  CHIEF  APPLICATIONS  TO  PSYCHOLOGY,  PA- 
THOLOGY, THERAPEUTICS,  HYGIENE,  AND  FORENSIC 
MEDICINE.  A  new  American  edition  edited  by  Francis  G.  Smith, 
M.D.  With  nearly  300  illustrations.  In  one  large  rol.  8vo.,  of 
nearly  900  closely  printed  pages,  cloth,  $5  50;  leather,  raised 
bands,  $6  50. 

p-  PRINCIPLES  OF  COMPARATIVE  PHYSIOLOGY.    New  Ameri- 

can,  from  the  fourth  and  revised  London  edition.  With  over  300 
beautiful  illustrations.     1  vol.  8vo.,  of  752  pages,  cloth,  $5  00. 

PRIZE  ESSAY  ON  THE  USE  OF  ALCOHOLIC  LIQUORS  IN 


HEALTH  AND  DISEASE.     Now  edition,  with  a  Preface  by  D  F. 
Condie,  M.D.     1  vol.  12mo.  of  178  pages,  cloth,  60  cents. 
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CAB30H  (JOSEPH) .  A  SYNOPSIS  OF  THE  COURSE  OF  LECTURES 
ON  MATERIA  MEDICA  AND  PHARMACY,  delivered  in  tho  Uni- 
▼eraitj  of  PennBylvanift.  Fourth  and  revised  edition.  1  vol.  8vo., 
extra  oloth,  $3  00.     {Just  issued.) 

CHRI8TIS0H  (ROBERT.)  DISPENSATORY  OR  COMMENTARY  ON 
THE  PHARMACOP(EIAS  OP  GREAT  BRITAIN  AND  THE 
UNITED  STATES.  With  a  Supplement  by  R.  E.  Oriffitb.  In  one 
8vo.  Tol.  of  over  1000  pages,  oontnining  213  inustrations,  extra 
cloth,  $4  00. 

CHURCHILL  (FLEETWOOD).  ON  THE  THEORY  AND  PRACTICE 
OF  MIDWIFERY.  A  new  American  from  the  fourth  revised  Lon- 
don edition.  With  notes  and  additions  by  D.  Francis  Condie,  M.D. 
With  about  200  illustrations.  In  one  handsome  8vo.  vol.  of  nearly 
700  pages,  extra  cloth,  $4  00  ;  leather,  $5  00. 

ON  THE  DISEASES  OP  WOMEN  :  INCLUDING  THOSE  OF 

PREGNANCY  AND  CHILDBED.  A  new  Amerioan  edition  re- 
vised by  the  author.  With  notes  and  additions  by  D.  Francis  Condie, 
M.D.  In  one  large  and  handsome  8vo.  vol.  of  768  pages,  with 
numerous  illustrations,  extra  oloth,  $4  00 ,-  leather,  $5  00. 

ESSAYS  ON  THE  PUERPERAL  FEVER,  AND  OTHER  DIS- 


EASES PECULIAR  TO  WOMEN.     In  one  neat  ocUvo  vol.  of  about 
450  pages,  extra  cloth,  $2  50. 

C3HDIE  (D.  FBAHCIS).  A  PRACTICAL  TREATISE  ON  THE  DIS- 
EASES  OF  CHILDREN.  Sixth  edition,  revised  and  enlarged.  In 
one  large  octavo  volume  of  nearly  800  pages,  extra  cloth,  $5  25  ; 
leather,  $6  25.     {Just  issued.) 

COOPER  (B.  B.)  LECTURES  ON  THE  PRINCIPLES  AND  PRAC- 
TICE OF  SURGERY.  In  one  large  8to.  vol.  of  750  pages,  extra 
cloth.  $2  00. 

GITLLERIEB  (A.)  AN  ATLAS  OF  VENEREAL  DISEASES.  Trans- 
lated  and  edited  by  Frbem an  J.  Bumstead,  M.D.  A  large  imperial 
quarto  volume,  with  26  plates  containing  about  150  figures,  beauti- 
fully colored,  many  of  them  the  size  of  life.  In  one  vol.,  strongly 
bound  in  extra  cloth,  $17.     {Just  issued.) 

Same  work,  in  five  parts,  paper  covers,  for  mailing,  $3  per  part. 

CTCLOPEBIA  OF  PRACTICAL  HEDICIHE.  By  Dunglison,  Forbes, 
Tweedie,  and  Conolly.  In  fonr  large  super  royal  octavo  volumes,  of 
3254  double-columned  pages,  leather,  raised  bands,  $15 ;  extra  oloth, 
$11. 

CAMPBELL'S  LIVES  OF  LORDS  KENYON,  ELLENBOROUGH.  AND 
TENTERDEN.  Being  the  third  volume  of  "  Campbell's  Lives  of 
the  Chief  Justices  of  England."   In  one  crown  octavo  vol.,  cloth,  $2. 

DALTOH  (J.  C.)  A  TREATISE  ON  HUMAN  PHYSIOLOGY.  Fourth 
edition,  revised,  with  nearly  300  illustrations  on  wood.  In  one  very 
handsome  octavo  volume  of  about  700  pages,  extra  doth,  $5  25  ; 
leather,  $6  25. 

DE  JOHOH,  ON  THE  THREE  KINDS  OF  COD-LIVER  OIL.  1  small 
12mo.  vol.,  75  cents. 

DON  QUIXOTE  DE  LA  MANCHA.  Translated  by  Chas.  Jarvis,  Esq., 
with  illustrations  by  Tony  Johannot.  In  two  handsome  vols,  crown 
8 vo.,  fancy  cloth,  $3;  plain  cloth,  $2  50;  library  sheep,  $3  20; 
half  morocco,  $3  70. 

DEWEE8  (W.  P.)  A  TREATISE  ON  THE  DISEASES  OF  FEMALES. 
With  illustrations.    In  one  8vo.  vol.  of  536  pages,  extra  cloth,  $3. 

A  COMPREHENSIVE   SYSTEM  OF   MIDWIFERY.     In   one 

octavo  volume  of  600  pages,  with  plates,  extra  cloth,  $3  50. 
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DIBWESS  (W.  P.)  A  TREATISE  ON  THE  PHYSICAL  AND  MBBt. 
CAL  TREATMENT  OF  CHILDREN.  In  one  ootaTO  rolome  of  MS 
pages,  extra  cloth,  $2  80. 

TklCKSOK  (S.  H.)    ELEMENTS  OF  MEDICINE.   Second  ediUon,  re- 
J^    Tised.     1  vol.  8to.,  of  750  pages,  extra  cloth,  $4. 

TkBUITT  (ROBERT).    THE  PRINCIPLES  AND  PRACTICE  OF  MO- 

•Lr    DERN  SURGERY.     A  revised  American,  from  the  eighth  London 

edition.    Illustrated  with  432  wood  engraTings.    In  one  handsome 

8to.   Tol.   of  nearly  700  large  and  closely  printed   {Ages,  extra 

cloth,  $4 ;  leather,  $5. 

DT7HOLI80V  (ROBLST).  MEDICAL  LEXICON;  »  Dictionary  of 
Medicid  Science.  Containing  a  concise  explanation  of  the  Tarions 
subjects  and  terms  of  Anatomy,  Physiology,  Pathology,  Hygiene, 
Therapeutics,  Pharmocology,  Pharmacy,  Snrgery,  Obstetrics,  Medical 
Jurisprudence,  and  Dentistry.  Notices  of  Climate  and  of  Mineral 
Waters ;  Formulae  for  OfiBcinal,  Empirical,  and  Dietetic  Preparationi*, 
with  the  accentuation  and  Etymology  of  the  Terms,  and  the  FreDch 
and  other  Synonymes ;  so  as  to  constitute  a  French  as  well  as  English 
Medical  Lexicon.  In  one  very  large  royal  8vo.  vol.  of  1048  double 
columned  pages,  in  small  type ;  strongly  bound  in  cloth,  $6 ;  leather, 
raised  bands,  $6  76. 

HUMAN  PHYSIOLOGY.    Eighth  edition,  thoroughly  rerised. 

In  two  large  8vo.  vols,  of  about  1500  pages,  with  532  illustrations, 
extra  cloth,  $7. 

NEW  REMEDIES,  WITH  FORMULA  FOR  THEIR  PREPARA. 


TION  AND  ADMINISTRATION.     Seventh  edition.    In  one  very 
large  8vo.  vol.  of  770  pages,  extra  cloth,  $4. 

DE  LA  BECHF8  GEOLOGICAL  OBSERVER.  In  one  large  8vo.  vol. 
of  700  pages,  with  300  illustrations,  cloth,  $4. 

DANA  (JAMES  D.)  THE  STRUCTURE  AND  CLASSIFICATION  OF 
ZOOPHYTES.  With  illustrations  on  wood.  In  one  imperial  4to.  vol., 
cloth,  $4  00. 

ELLIS  (BENJAMXK).  THE  MEDICAL  FORMULARY.  Being  a 
collection  of  prescriptions  derived  from  the  writings  and  practice  of 
the  most  eminent  physicians  of  America  and  Europe.  Twelfth  edi- 
tion, carefully  revised  by  A.  H.  Smith,  M.  D.  In  one  8vo.  volume 
of  374  pages',  extra  cloth,  $S.     {Just  issued,) 

pBICHSBN   (JOHN).    THE   SCIENCE  AND  ART  OF  SURGERY. 

•^  A  new  and  improved  American,  from  the  fifth  enlarged  and  re- 
vised London  edition.  Illustrated  with  over  630  engravings  on 
wood.  In  one  large  imperial  8to.  vol.  of  1228  closely  printed  pages, 
extra  cloth,  $7  50 ;  leather,  raised  bands,  $8  50. 

ON  RAILWAY  AND  OTHER  INJURIES  OF  THE  NERVOUS 

SYSTEM.    In  one  small  8vo.  vol.,  extra  cloth,  $1. 

EHCTCLOFJBDIA  AKSBICAHA.  Complete  in  14  large  8vo.  vols. 
Containing  nearly  9000  double  columned  pages,  cloth,  $22. 

pVCYCtOFJEDIA  OF  OEOORAFHT.    In  three  large  8vo.  rols.    Illns- 
Ai    trated  with  83  maps  and  about  1100  wood -cuts,  cloth,  $5. 

FSXE  FUND  PRIZE  ESSAYS  ON  TUBERCULOUS  DISEASE.    In 
one  small  8vo.  vol.,  oloth,  $1. 

PLETCHER'S  NOTES  FROM  NINEVEH,  AND  TRAVELS  IN  MESO- 
■t     POTAMIA,  ASSYRIA,  AND  SYRIA.  In  one  12mo.vol.,  cloth,  76cts. 

pUNT    (AUSTIN).    A    TREATISE   ON   THE   PRINCIPLES    AND 
J-     PRACTICE  OF  MEDICINE.     Third  edition,  thoroughly  revised  and 

enlarged.     In  one  large  8vo.  volume  of  1002  pages,  extra  cloth,  $6 ; 

leather,  raised  bands,  $7.       (Now  ready.) 
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PIKT  (AUSTIN).  A  PRACTICAL  TREATISE,  ON  THE  PHYSICAL 
EXPLORATION  OP  THE  CHEST,  AND  THE  DIAGNOSIS  OP 
DISEASES  AFFECTING  THE  RESPIRATORY  ORGANS.  Second 
and  revised  edition.  One  8vo.  yol.  of  595  pages,  cloth,  $4  50.  {Just 
issued.) 

A  PRACTICAL  TREATISE  ON  THE  DIAGNOSIS  AND  TREAT- 
MENT OF  DISEASES  OF  THE  HEART.  Second  edition,  enlarged. 
In  one  neat  8to.  vol.  of  over  500  pages,  $4  00.     {Just  ready.) 

FOWNE  (GEOBOE).  A  MANUAL  OF  ELEMENTARY  CHEMISTRY. 
From  the  tenth  enlarged  English  edition.  In  one  royal  12mo.  rol. 
of  857  pages,  with  197  illastrations,  extra  cloth,  $2  75 ;  leather, 
$3  25.     {Just  issued.) 

FULLEB  (HEHBT).  ON  DISEASES  OF  THE  LUNGS  AND  AIR 
PASSAGES.  Their  Pathology,  Physical  Diagnosis,  Symptoms  and 
Treatment.  From  the  second  English  edition.  In  one  8vo.  toI. 
of  about  500  pages,  extra  cloth,  $3  50.     {Just  issued.) 

OLUOE  (GOTTLIEB).  ATLAS  OF   PATHOLOGICAL  HISTOLOGY. 

^^  Translated  by  Joseph  Leidy,  M.D.,  Professor  of  Anatomy  in  the 
University  of  Pennsylvania,  Ac.  In  one  vol.  imperial  quarto,  with 
320  copper  plate  figures,  plain  and  colored,  extra  cloth,  ^4. 

GBAHA tf  (THOMAS) .  THE  ELEMENTS  OF  INORGANIC  CHEMIS- 
TRY.  INCLUDING  THE  APPLICATION  OF  THE  SCIENCE  IN 
THE  ARTS.  A  new  and  enlarged  edition  by  H.  Watts  and  Robert 
Bridges,  M.D.  In  one  8vo.  vol.,  of  over  800  pages,  with  232  wood- 
cuts, extra  cloth,  $5  50. 

GIBSOirS  INSTITUTES  AND  PRACTICE  OF  SURGERY.  In  two  8vo. 
vols,  of  about  1000  pages,  leather,  $6  50. 

GRAY  (HENBY).  ANATOMY,  DESCRIPTIVE  AND  SURGICAL. 
A  new  American,  from  the  fifth  and  enlarged  London  edition.  In  one 
large  imperial  8vo.  vol.  of  about  900  pages,  with  over  400  large  and 
elaborate  engravings  on  wood.    Cloth,  $6 ;  leather,  $7.    {Now  ready.) 

GRIFFITH  (BOBEBT  E.)  A  UNIVERSAL  FORMULARY,  CON- 
TAINING THE  METHODS  OF  PREPARING  AND  ADMINISTER- 
ING  OFFICINAL  AND  OTHER  MEDICINES.  In  one  Urge  8vo. 
vol.  of  650  pages,  double  columns,  extra  cloth,  $4 ;  leather,  $5. 

GUIZOT'S  HISTORY  OF  OLIVER  CROMWELL.  In  two  royal  12mo. 
vols.    Containing  900  pageSvOloth,  $2. 

GROSS  (SAMUEL  D.)  A  SYSTEM  OF  SURGERY,  PATHOLOGICAL, 
DIAGNOSTIC,  THERAPEUTIC,  AND  OPERATIVE.  Illustrated 
by  over  1300  engravings.  Fourth  edition,  revised  and  improved. 
In  two  large  roya  ]8vo.  vols,  of  2200  pages,  strongly  bound  in  leather, 
raised  bands.  $15. 

A  PRACTICAL  TREATISE  ON  FOREIGN  BODIES  IN  THE 

AIR  PASSAGES.   In  one  8vo.  vol.  of  468  pages.    Extra  cloth,  $2  75. 
ELEMENTS  OF  PATHOLOGICAL  ANATOMY.    Third  edition. 


In  one  large  8vo.  vol.  of  nearly  800  pages,  with  about  350  illustra^ 
tions,  extra  cloth,  $4. 

TpTDSON  (A.)     LECTURES  ON  THE  STUDY  OP  FEVER.     1  vol. 
•Ll   8vo.,  316  pages,  cloth,  $2  50.     {Just  issued.) 

HEATH  (GHBI8T0PHEB).  PRACTICAL  ANATOMY;  A  MANUAL 
OF  DISSECTIONS.  With  additions,  by  W.  W.  Keen,  M.  D.  In  1 
volume ;  with  247  illastrations.  Cloth,  $3  50  ;  leather,  $4.  {Now 
ready.) 

HABTSHOBNE  (HEHBY).  ESSENTIALS  OF  THE  PRINCIPLES 
AND  PRACTICE  OF  MEDICINE.  Second  and  revised  edition.  In 
one  12mo.  vol.  of  about  450  pages,  cloth,  $2  38 ;  half  bound,  $2  63. 
{Just  issued.) 
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HABT8H0RHE  (HSHBT).  CONSPECTUS  OF  THE  MEDICAL 
SCIENCES.  Comprising  Manuals  of  Anatomy,  Phjnology,  Chemis- 
try,  Materia  Medica,  Practice  of  Medicine,  Sargery,  and  Obetetrics. 
In  one  royal  12mo.  Tolame  of  over  1000  pages,  witla  abont  300  iUiu- 
trations.     Strongly  boand  in  leather,  $5  25 ;  toztra  cloth,  $4  50. 

MANUAL  OF  ANATOMY  AND  PHYSIOLOGY.  One  Toliime royal 

12mo.,  cloth,  $1  75. 

HABES8H0N  (8. 0.)  PATHOLOGICAL  AND  PRACTICAL  OBSERYA- 
TIONS  ON  DISEASES  OF  THE  ALIMENTARY  CANAL,  (ESO. 
PHAGUS.  STOMACH,  CACUM,  AND  INTESTINES.  In  on*  8ro. 
Tol.  of  312  pages,  extra  cloth,  $2  50. 

HAMILTON  (FItANK  H.)  A  PRACTICAL  TREATISE  ON  FRAC- 
TURES AND  DISLOCATIONS.  Third  edition,  revised.  In  one 
handsome  8vo.  toI.  of  777  pages,  with  204  illustrations,  extra 
cloth,  |5  75. 

HAERIBON'8  ESSAY  TOWARD  A  CORRECT  THEORY  OF  THE 
NERVOUS  SYSTEM.    In  one  vol.  8vo.  of  292  pages,  cloth,  $1  50. 

HOBLYN  (RICHARD  D.)  A  DICTIONARY  OF  THE  TERMS  USED 
IN  MEDICINE  AND  THE  COLLATERAL  SCIENCES.  In  one 
12mo.  vol.  of  over  500  double  columned  pages,  cloth,  $1  50; 
leather,  $2. 

HODGE  (HUGE  L.)  ON  DISEASES  PECULIAR  TO  WOMEN,  IN- 
CLUDING  DISPLACEMENTS  OF  THE  UTERUS.  Second  and 
revised  edition.    In  one  8vo.  volume,  cloth,  $4  50.    {Jtut  issued.) 

THE  PRINCIPLES  AND  PRACTICE  OF  OBSTETRICS.    Illns- 

trated  with  large  lithographic  plates  containing  159  figures  from 
original  photographs,  and  with  numerous  wood-outs.  In  one  large 
quarto  vol.  of  550  double-columned  pages.  Strongly  bound  in  extra 
cloth,  $14. 

HOLLAHD  (SIR  HENRY).  MEDICAL  NOTES  AND  REFLECTIONS. 
From  the  third  English  edition.  In  one  8vo.  vol.  of  about  500  pages, 
extra  cloth,  $3  50. 

HODGES  (RICEABD  K.)  PRACTICAL  DISSECTIONS.  Second  edi- 
tion.   In  one  neat  royal  12mo.  vol.,  half  bound,  $2. 

HUGHES*  SCRIPTURE  GEOGRAPHY  AND  HISTORY,  with  12 
colored  maps.    In  1  vol.  12mo.,  cloth,  $1. 

HORNER  (WILLIAM  E.).  SPECIAL  ANATOMY  AND  HISTOLOGY. 
Eighth  edition,  revised  and  modified.  In  two  large  8vo.  vols,  of  over 
1000  pages,  containing  300  wood-cuts,  extra  cloth,  $6. 

HILL  (BERKELEY).  SYPHILIS  AND  LOCAL  CONTAGIOUS  DIS- 
ORDERS.  In  one  8 vo.  volume  of  467  pages,  extra  cloth,  $3  25.  {Just 
ususd,) 

HILLIER  (THOMAS).  HAND-BOOK  OF  SKIN  DISEASES.  Seeond 
Edition.  In  one  neat  royal  12mo.  volume,  about  300  pp.,  with  two 
plates,  cloth,  $2  25 

HALL  (MRS.  M.)  LIVES  OF  THE  QUEENS  OF  ENGLAND  BEFORE 
THE  NORMAN  CONQUEST.  In  one  handsome  8vo.  yoL,  cloth, 
|2  25;  crimson  cloth,  $2  50  ,*  half  morocco,  $3. 

TONES  (C.  HANDFIELD) ,  AND  SIETEKIHG  (E.  B.  H.)    A  MANUAL 
u     OF  PATHOLOGICAL  ANATOMY.     In  one  large  8vo.  vol.  of  nearly 
750  pages,  with  397  illustrations,  extra  cloth,  $3  50. 

JONES  (G.  HANDFIELD).  CLINICAL  OBSERVATIONS  ON  FUNC 
TIONAL  NERVOUS  DISORDERS.  Second  American  Edition.  In 
one  8vo.  vol.  of  348  pages,  extra  cloth,  $3  25. 
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xriKKES  (WILLIAX  SEKHOUSE).    A  MANUAL  OF  PHTSIOLOGT. 
•I^   From  the  third  London  edition,  with  200  illustrations.    In  one  large 
12mo.  Tol.  of  586  pages,  oloth,  $2  25  ;  leather,  |2  75. 

KNAP?  (F.)  TBCHNOLOOY ;  OR  CHEMISTRY  APPLIED  TO  THE 
ARTS  AND  TO  MANUFACTURES,  with  American  additions,  by 
Prof.  Walter  R.  Johnson.  In  two  8ro.  vols.,  with  500  illustrations, 
cloth,  $6. 

ITENNEDY'S  MEMOIRS  OF  THE  LIFE  OF  WILLIAM  WIRT.    In 
•^   two  Tols.  12mo.,  oloth,  $2. 

LEA  (HSHBY  C.)  SUPERSTITION  AND  FORCE ;  ESSAYS  ON  THE 
WAGER  OF  LAW,  THE  WAGER  OF  BATTLE,  THE  ORDEAL, 
AND  TORTURE.  Second  edition,  revised.  In  on«  handsome  rojal 
12mo.  vol.,  $2  75.     (Now  ready.) 

STUDIES  IN  CHURCH  HISTORY.    The  Rise  of  the  Temporal 

Power — Benefit  of  Clergy — Excommunication.  In  one  handsome 
12mo.  vol.  of  515  pp.,  extra  cloth,  $2  75.     {Just  issued.) 

LALLSVAND  (X.)  AND  WIL80F  (MABRI8).  A  PRACTICAL 
TREATISE  ON  THE  CAUSES,  SYMPTOMS,  AND  TREATMENT 
OF  SPERMATORRHOEA.  Translated  and  edited  by  Henry  J. 
McDongall.    Fifth  American  edition.    To  which  is  added  ON 

DISEASES  OF  THE  YESICULA  SEMINALES.  With  special  re- 
ference  to  the  Morbid  Secretions  of  the  Prostatic  and  Urethral 
Mneous  Membrane.  By  Marris  Wilson,  M.  D.  In  one  neat  octavo 
volume,  of  about  400  pages,  extra  cloth,  $2  75. 

LA  ROCHE  (R.)  YELLOW  FEVER  IN  ITS  HISTORICAL.  PATHO- 
LOGICAL,  ETIOLOGICAL,  AND  THERAPEUTICAL  RELA- 
TIONS.    In  two  8vo.  vols,  of  nearly  1500  pages,  extra  cloth,  $7. 

PNEUMONIA,  ITS  SUPPOSED   CONNECTION,    PATHOLO- 

OICAL  AND  ETIOLOGICAL,  WITH  AUTUMNAL  FEVERS.  In 
one  8vo.  vol.  of  500  pages,  extra  cloth,  |3. 

LAURENCE  (J.  Z.)  AND  KOON  (ROBERT  C.)  A  HANDY-BOOK 
OF  OPHTHALMIC  SURGERY.  Second  edition,  revised  by  Mr. 
Laurence.  With  numerous  illustrations.  In  one  8vo.  vol.,  extra 
cloth,  |2  75.    {Just  issued.) 

LEHHANN  (C.  0.)  PHYSIOLOGICAL  CHEMISTRY.  Translated  by 
I  George  F.  Day,  M.  D.,  and  edited  by  R.  E.  Rogers,  M.  D.,  Prof,  of 
Chemistry,  in  the  University  of  Pennsylvania.  With  plates,  and  nearly 
200  illustrations.  In  two  large  8vo.  vols.,  containing  1200  pages, 
extra  cloth,  $6. 

A  MANUAL  OF  CHEMICAL  PHYSIOLOGY.    Translated  with 

notes  and  additions,  by  J.  Cheston  Morris,  M.  D.  With  an  Intro- 
ductory Essay  on  Vital  Force,  by  Prof.  Samuel  Jackson.  In  one 
very  handsome  8vo.  vol.  of  336  pages,  extra  cloth,  $2  25. 

LAWSON  (GEOSOE).  INJURIES  OF  THE  EYE,  ORBIT,  AND  EYE- 
!    LIDS,  with  about  100  illustrations.    From  the  last  English  edition. 
In  one  handsome  8vo.  vol.,  extra  cloth,  $3  50.     {Just  issued.) 

LUDLOW  (J.  L.)  A  MANUAL  OF  EXAMINATIONS  UPON  ANA- 
TOMY,  PHYSIOLOGY,  SURGERY,  PRACTICE  OF  MEDICINE, 
OBSTETRICS,  MATERIA  MEDICA,  CHEMISTRY,  PHARMACY, 
AND  THERAPEUTICS.  To  which  is  added  a  Medical  Formulary. 
Third  edition.  In  one  royal  12mo.  vol.  of  over  800  pages,  extra 
cloth,  $3  25 ;  leather,  $3  75. 

LAYCOCK   (THOMAS).    LECTURES  ON  THE  PRINCIPLES  AND 
I    METHODS  OF  MEDICAL  OBSERVATION  AND  RESEARCH.    In 
one  12mo.  vol.,  extra  cloth,  $1. 
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LYKCH  (W.  F.)  A  NARRATIVE  OF  THE  UNITED  STATES  EX- 
PEDITION TO  THE  DEAD  SEA  AND  RIVER  JORDAN.  In  one 
large  and  bandsonie  ootavo  Tol.»  wilh  28  beaatifol  platea  and  two 
maps,  oloth,  $3. 

^— —  Same  Work,  condensed  edition.    One  Tolame  rojal  ISmo.,  extra 
oloth,  $1. 

LYONS  (EOBEST  B.)  A  TREATISE  ON  FEVER.  In  one  neat  Sro. 
vol.  of  362  pages,  extra  oloth,  $2  25. 

MARSHALL  (JOHN).  OUTLINES  OF  PHYSIOLOGY,  HUMAN 
AND  COMPARATIVE.  With  Additions  by  Fraitcis  G.  Svite. 
M.  D. ,  Professor  of  the  Institates  of  Medicine  in  the  University  of 
Pennsylvania.  In  one  Sro.  Tolnme  of  1026  pages,  with  122  illastra- 
tions.  Strongly  bonnd  in  leather,  raised  bands,  $7  50 ;  extra  oloth, 
$6  50.     (Just  itsued.) 

MACLI8E  (JOSEPH).  SURGICAL  ANATOMY.  In  one  large  im- 
perial  qnarto  toI.  ,  with  68  splendid  plates,  beaatifally  oolored ;  con- 
taining 190  flgares,  many  of  them  life  sise,  extra  oloth,  $14. 

MACKENZIE  (W.)  A  PRACTICAL  TREATISE  ON  DISEASES  AND 
INJURIES  OF  THE  EYE.  In  one  handsome  Sto.  toI.  of  1027 
pages,  with  plates  and  nomerous  wood-cats,  extra  cloth,  $6  50. 

lUrEIOS  (CHA8.  D.)  OBSTETRICS.  THE  SCIENCE  AND  THE  ART. 
•«U'  Fifth  edition,  revised,  with  130  illostrations.     In   one  beaatifally 

printed  8to.  toI.  of  760  pages,  extra  cloth,  $5  50 ;  leather,  $6  50. 
WOMAN  :  HER  DISEASES  AND  THEIR  REMEDIES.     Foarth 

and  improved  edition.     In  one  large  8vo.  vol.  of  over  700  pages, 

extra  cloth,  $5  ;  leather,  $6. 

ON  THE  NATURE,  SIGNS,  AND  TREATMENT  OF  CHILD-BED 
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FEVER.    In  one  8vo.  vol.  of  365  pages,  extra  cloth,  $2. 

ILLEB  (JAMBS).  PRINCIPLES  OF  SURGERY.  Fourth  American, 
from  the  third  Edinburgh  edition.  In  one  large  8vo.  vol.  of  700 
pages,  with  240  illostrations,  extra  cloth,  $3  75. 

THE  PRACTICE  OF  SURGERY.     Fourth  American,  from  the 

last  Edinburgh  edition.     In  one  large  8vo.  vol.  of  700  pages,  with 
364  illustrations,  extra  oloth,  $3  75. 

MONTGOMERY  (W.  F.)  AN  EXPOSITION  OF  THE  SIGNS  AND 
SYMPTOMS  OF  PREGNANCY.  From  the  second  English  edition. 
In  one  handsome  8vo.  vol.  of  nearly  600  pages,  extra  cloth,  $3  75. 

MOBLAND  (W.  W.)  DISEASES  OF  THE  URINARY  ORGANS.  With 
illustrations.  In  one  handsome  8vo.  vol.  of  about  600  pages,  extra 
cloth,  $3  50. 

MOBLAND  (W,  W.)  ON  THE  RETENTION  IN  THE  BLOOD  OF  THE 
ELEMENTS  OF  THE  URINARY  SECRETION.  In  one  vol.  8vo., 
extra  oloth,  75  cents. 

MULLER  (J.)  PRINCIPLES  OF  PHYSICS  AND  METEOROLOGY. 
In  one  large  8vo.  vol.  with  550  wood-cats,  and  two  oolored  plates, 
cloth,  |4  50. 

MIRABEAU ;  A  LIFE  HISTORY.  In  one  royal  12mo.  vol.,  cloth, 
75  cents. 

MAOFABLAND'S  TURKEY  AND  ITS  DESTINY.  In  2  vols,  royal 
12mo.,  cloth,  $2. 

AB8H  (MBS.)  A  HISTORY  OF  THE  PROTESTANT  REFORMA- 
TION IN  FRANCE.     In  2  vols,  royal  12mo.,  extra  cloth,  |2. 

EILL  (JOHN)  AND  SMITH  (FRANCIS  G.)  COMPENDIUM  OF 
THE  VARIOUS  BRANCHES  OF  MEDICAL  SCIENCE.  In  one 
handsome  12mo.  vol.  of  about  1000  pages,  with  374  wood-cuts, 
extra  cloth,  $4  ;  leather,  raised  bands,  $4  75. 
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ICTELIOAN  (J.  KOOSE) .    A  PRACTICAL  TREATISE  ON  DISEASES 
IN    OF  THE  SKIN.     Fifth  American,  from  the  seoond  Dublin  edition. 
In  one  neat  royal  12mo.  vol.  of  462  pages,  extra  oloth,  |2  25. 

AN  ATLAS  OF  CUTANEOUS  DISEASES.    In  one  handsome 

quarto  vol.  with  beautifully  colored  plates,  Ac.,  extra  cloth,  $5  50. 

iniEBTTHB  (B.  0.)     LECTURES  ON   ANCIENT    HISTORY;    com- 
^    prising     the    history    of    the    Asiatic    Nations,    the    Egyptians, 

Greeks,  Macedonians,  and  Carthagenians.    Translated  by  Dr.  L. 

Sohmits.    In  three  neat  volumes,  crown  octavo,  cloth,  $5  00. 

ODLING  (WILLIAM).  A  COURSE  OF  PRACTICAL  CHEMISTRY 
FOR  THE  USE  OF  MEDICAL  STUDENTS.  From  the  fourth 
revised  London  edition.  In  one  12mo.  vol.  of  261  pp.,  with  75  illus* 
trations,  extra  cloth,  $2.     {Just  issued.) 

PAVY  (F.  W.)    A  TREATISE  ON  THE  FUNCTION  OF  DIGESTION  : 

i^  ITS  DISORDERS  AND  THEIR  TREATMENT.     From  the  second 

London  Ed.     In  one  8vo.  vol.  of  246  pp.,  ext.  cl.,  $2.     {Just  issued.) 

PABRI8H  (EDWARD).  A  TREATISE  ON  PHARMACY.  With  many 
FormuIsB  and  Prescriptions.  Third  edition.  In  one  handsome  8vo. 
vol.  of  850  pages,  with  several  hundred  illustrations,  extra  cloth,  |5. 

PIBBIE  (WILLIAM) .  THE  PRINCIPLES  AND  PRACTICE  OF  SUR- 
GERY.  In  one  handsome  octavo  volume  of  780  pages,  with  310 
illustrations,  extra  cloth,  $3  75. 

PEBEIRA  (JOFATHAE).  MATERIA  MEDIC  A  AND  THERAPEU- 
TICS. An  abridged  edition.  With  numerous  additions  and  refe- 
rences to  the  United  States  Pharmacopoeia.  By  Horatio  C.  Wood, 
M.  D.  In  one  large  octavo  volume,  of  1040  pages,  with  236  illustra- 
tions, extra  cloth  $7  00;  leather,  raised  bands,  $8  00. 

PTTLSZEY'S  MEMOIRS  OF  AN  HUNGARIAN  LADY.  In  one  neat 
royal  12mo.  vol.,  extra  cloth,  $1. 

PAGET'8  HUNGARY  AND  TRANSYLVANIA.  In  two  royal  12mo. 
vols.,  cloth,  $2. 

ROBERTS  (WILLIAM).  A  PRACTICAL  TREATISE  ON  URINARY 
AND  RENAL  DISEASES.  With  numerous  illustrations.  In  one 
very  handsome  8vo.  vol.     {New  edition  preparing.) 

RAM8B0THAM  (FBAFCIS  H.)  THE  PRINCIPLES  AND  PRAC- 
TICE OF  OBSTETRIC  MEDICINE  AND  SORGERY.  In  one  im- 
perial  8vo.  vol.  of  650  pages,  with  64  plates,  besides  numerous  wood- 
outs  in  the  text.     Strongly  bound  in  leather  $7. 

RIOBY  (EDWARD).  THE  CONSTITUTIONAL  TREATMENT  OF 
FEMALE  DISEASES.  In  one  neat  royal  12mo.  vol.  of  about  250 
pp.,  extra  cloth,  $1. 

A  SYSTEM  OF  MIDWIFERY.     Second  American  edition.    In 

one  handsome  8vo.  vol.  of  422  pages,  extra  cloth,  $2  50. 

RAinCE'S  HISTORY  OF  THE  TURKISH  AND  SPANISH  EMPIRES 
in  the  16th  and  beginning  of  17th  Century.  In  one  8vo.  volume, 
paper,  25cts. 

HISTORY  OF  THE  REFORMATION  IN  GERMANY.    Parts  I. 

II.  III.    In  one  vol.,  extra  cloth,  |1. 

ROYLE  (J.  FORBES).  MATERIA  MEDIC  A  AND  THERAPEUTICS. 
Edited  by  Jos.  Carson,  M.  D.  In  one  large  8vo.  vol.  of  about  700 
pages,  with  98  illustrations,  extra  oloth,  |3. 

RADCLIFFE,  AINSTIE,  AND  OTHERS,  ON  DISEASES  OF  THE 
SPINAL  COLUMN  AND  OF  THE  NERVES.  1  vol.  8vo.  {Nearly 
ready.) 
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SXITH  (EUSTACE).  ON  THE  WASTING  DISEASES  OF  CHILDREN. 
In  one  8to.  yoI.    {New  edition  preparing,) 

SABOENT  (7.  W.)  ON  BANDAGING  AND  OTHER  OPERATIONS 
OF  MINOR  SURGERY.  New  edition,  with  an  additional  chapter 
on  Military  Surgery.  In  one  handsome  royal  12mo.  toI.  of  nearly 
400  pages,  with  184  wood-ents,  extra  cloth,  $1  75. 

SVITH  (LEWIS  J )  A  TREATISE  ON  THE  DISEASES  OF  IK- 
FANCY  AND  CHILDHOOD.  A  New  Work,  now  ready.  In  oee 
large  S70.  Tolume  of  620  pages,  strongly  bound  in  leather,  $5  75 ; 
extra  cloth,  $4  75. 

SHARPEY  (WILLIAV)  AlfD  QTrAIK  (JONES  AHB  BICHASI)). 
HUMAN  ANATOMY.  With  notes  and  additions  by  Jos.  Leidy, 
M.  D.,  Prof,  of  Anatomy  in  the  University  of  Pennpylrania.  In  two 
large  8to.  vols,  of  about  1300  pages,  with  51 1  illustrations,  extract.  $6. 

SIKP80N  (SIB  JAMES  Y.)  CLINICAL  LECTURES  ON  THE  DIS- 
EASES  OF  WOMEN.     (A  new  edition  preparing.) 

SIMON'S  GENERAL  PATHOLOGY.    In  one  8ro.  vol.  of  112  i^ges 
extra  cloth,  $1  25. 

SKEY  (FREDERIC  C.)  OPERATIVE  SURGERY.  In  one  8to.  toI. 
of  over  650  pages,  with  about  100  wood-cut9,  cloth,  $3  25. 

SLADE  (D.  D.)  DIPHTHERIA  ;  ITS  NATURE  AND  TREATMENT. 
Second  edition.    In  one  neat  royal  12mo.  vol.,  extra  cloth,  $1  25. 

SMITH  (HENRY  H.)  AND  HORNER  (WILLIAM  E.)  ANATOMICAL 
ATLAS.  Illustrative  of  the  structure  of  the  Human  Body.  In  one  large 
imperial  8vo.  vol.,  with  about  650  beautiful  figures,  extra  cloth,  $4  50. 

SMITH  (EDWARD).  CONSUMPTION ;  ITS  EARLY  AND  REME- 
DIA6LE  STAGES.     In  one  8vo.  vol.  of  254  pp.,  extra  doth,  $2  25. 

SOLLY  (SAMUEL).  THE  HUMAN  BRAIN,-  ITS  STRUCTURE, 
PHYSIOLOGY,  AND  DISEASES.  In  one  neat  8vo.  vol.  of  500  pp. 
with  120  wood-cuts,  extra  cloth,  $2  50. 

STILLE  (ALFRED).  THERAPEUTICS  AND  MATERIA  MEDICA. 
Third  edition,  revised  and  enlarged.  In  two  large  and  handsome 
8vo.  vols.,  extra  cloth,  $10;  leather,  |12.     {Just  istusd,) 

SALTER  (H.  H.)  ASTHMA  ;  ITS  PATHOLOGY,  CAUSES,  CONSE- 
QUBNCES,  AND  TREATMENT.  In  one  volume  8vo.,  extra  cloth, 
$2  50. 

S WAYNE  (JOSEPH  GRIFFITHS).  OBSTETRIC  APHORISMS. 
From  the  fourth  revised  English  edition.  With  additions  by  E.  R. 
Hutchins,  M.  D.  In  one  small  12mo.  vol.  of  177  pp.,  with  Ulustra- 
tions,  extra  cloth,  $1  25.     {Just  issued.) 

SCHOEDLER  (FREDERICK)  AND  MEDLOCK  (HENRY).  WONDERS 
OF  NATURE.  An  elementary  introduction  to  the  Sciences  of  Physics, 
Astronomy,  Chemistry,  Mineralogy,  Geology,  Botany,  Zoology, 
and  Physiology.  Translated  from  the  German  by  H.  Medlock.  In 
one  neat  8vo.  vol.,  with  670  illustrations,  extra  cloth,  $3. 

SMALL  BOOKS  ON  GREAT  SUBJECTS.  Twelve  works;  eaoh  one  15 
cents,  sewed,  forming  a  neat  and  cheap  series  ;  or  done  up  in  3  vols., 
extra  cloth,  $1  50. 

STRICKLAND  (AGNES).  LIVES  OF  THE  QUEENS  OF  HENRY 
THE  Vm.  AND  OF  HIS  MOTHER.  In  one  crown  octavo  toI., 
extra  cloth,  $1 ;  black  cloth,  90  cents. 

MEMOIRS  OF  ELIZABETH.  SECOND  QUEEN  REGNANT  OF 

ENGLAND  AND  IRELAND.     In  one  crown  octavo  vol.,  extra  cloth, 
$140;  black  cloth,  $130. 
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SCHMITZ  AND  ZTTHFT^S  CIA88ICAL  8EBIES.    In  royal  ISmo. 
CORNBLII  NEPOTIS  LIBER  DB  EXCELLENTIBUS  DUCIBUS 
EXTERARUM  GENTIUM,  CUM  VITIS  CATONIB  ET  ATTICI. 
With  notes,  &o.    Price  in  extra  cloth,  60  cents ;  half  bound,  70  eta. 

C.  I.  C^SARIS  COMMENTARII  DE  BELLO  GALLICO.  With  notes, 
mnp,  and  other  illustrations.  Price  in  extra  cloth,  60  cents;  half 
bound,  70  cents. 

C.  C.  SALLUSTII  DE  BELLO  CATILINARIO  ET  JUOURTHINO. 
With  notes,  map,  Ac.  Price  in  extra  cloth,  60  cents ;  half  bound, 
70  cents. 

Q.  CURTII  RUPII  DE  GESTIS  ALEXANDRI  MAGNI  LIBRI  Vin. 
With  notes,  map,  Ac.  Price  in  extra  cloth,  80  cents ;  half  bound, 
90  cents. 

P.  VIRGILII  MARONIS  CARMINA  OMNIA.  Price  in  extra  cloth, 
85  cents;  half  bound,  $1. 

M.  T.  GIGERONIS  ORATIONES  SELECTJ3  XIL  With  notes,  Ac. 
Price  in  extra  cloth,  70  cents ;  half  bound,  80  cents. 

ECLOGiB  EX  Q.  HORATII  PLACCI  POEMATIBUS.  With  notes, 
Ac.    Price  in  extra  cloth,  70  cents ;  half  bound,  80  cents. 

ADVANCED  LATIN  EXERCISES,  WITH  SELECTIONS  FOR 
READING.  Revised,  with  additions.  Extra  cloth,  price  60  cents  ; 
half  bound,  70  cents. 

TAITNER  (THOMAS  HAWKE8).  A  MANUAL  OF  CLINICAL  MEDL 
CINE  AND  PHYSICAL  DIAGNOSIS.  Third  American  from  the 
second  revised  English  edition.  Edited  by  Tilbury  Fox,  M.  D.  In 
one  handsome  12mo.  vol.  of  366  pp.,  cloth,  $1  50.     {Noto  ready.) 

ON  THE  SIGNS  AND  DISEASES  OF  PREGNANCY.    First 

American  from  the  second  English  edition.  With  four  colored  plates 
and  numerous  illustrations  on  wood.  In  one  vol.  8vo.  of  about  500 
pages,  extra  cloth,  $4  25.     {Just  issued.) 

TAYLOR  (ALFRED  8.)  MEDICAL  JURISPRUDENCE.  Sixth  Ameri- 
can  from  the  eighth  London  edition.  With  notes  and  references  to 
American  Decisions,  by  C.  B.  Penrose  of  the  Philadelphia  Bar.  In 
one  large  8vo.  vol.  of  776  pages,  extra  cloth,  $4  50 ;  leather,  $5  50. 

rOMA8  (T.  OAILLABD).  A  COMPLETE  PRACTICAL  TREATISE 
ON  THE  DISEASES  OF  FEMALES.  Second  and  revised  edition. 
In  one  large  and  handsome  octavo  volume  of  about  650  pages,  with 
illustrations,  extra  cloth,  $5 ;  leather,  $6.     {Now  ready.) 

T3DD  (ROBERT  B.)  AND  BOWMAN  (W.)  PHYSIOLOGICAL  ANA- 
TOMY AND  PHYSIOLOGY  OF  MAN.  In  one  large  8vo.  vol.  of 
about  950  pages,  with  300  illustrations  on  wood,  extra  cloth,  $4  75. 

T3DD  (ROBERT  BENTLEY).  CLINICAL  LECTURES  ON  CERTAIN 
ACUTE  DISEASES.    In  one  vol.  8vo.  of  320  pp.,  extra  cloth,  $2  50. 

T9YNBEE  (J08EPH).  THE  DISEASES  OF  THE  EAR :  Their  nature, 
Diagnosis,  and  Treatment.  Second  American  edition.  In  one 
handsome  8vo.  vol.  of  440  pp.,  with  100  illustrations,  extra  cloth,  $4. 

THOMPSON  (SIR  HENBT).  CLINICAL  LECTURES  ON  DISEASES 
OF  THE  URINARY  ORGANS.  In  one  8vo.  volume  of  204  pages, 
with  illustrations,  extra  cloth,  $2  25.    {Just  issued,) 

THE  PATHOLOGY  AND  TREATMENT  OF  STRICTURE  OP 

THE  URETHRA  AND  URINARY  FISTULiE.  From,  the  third 
English  edition.  In  one  8to.  vol.  of  359  pp.,  with  illustrations,  extra 
cloth,  $3  50.     {Jusl  issued.) 
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WAL8HB  (W.  E.)  PRACTICAL  TREATISE  ON  THE  DISEASES 
OF  THE  HEART  AND  GREAT  VESSELS.  Third  Amencan  from 
the  third  rerisod  London  edition.  In  one  8to.  toI.  of  420  pHes, 
extra  eloth,  $3. 

WALES  (PHILIP  S.)  MECHANICAL  THERAPEUTICS :  A  Pru- 
tioal  Treatise  on  Snrgioal  Apparatus,  Appliances,  and  Elementary 
Operations  ;  embracing  Minor  Sorgery,  Bandaging,  Orthopraxy,  and 
Treatment  of  Fractures  and  Dislocations.  In  one  large  8to.  toL  of 
about  700  pages,  with  6i2  illustrations  on  wood,  extra  cloth,  $6  76; 
leather,  $0  76.     {Just  issued.) 

WELLS   (J.  80ELBEBG).    A  TREATISE  ON  THE  DISEASES  OF 
Vf  THE  ETE.    Edited  with  additions  by  I.  Minis  Hays,  M.  D.     In  one 
large  and  handsome  ootaro  toI.  of  736  pp.,  with  6  colored  plates  and 
216  wood-cuts,  also  selections  from  the  test-types  of  Jaeger  and  Snel- 
len, extra  cloth,  $6 ;  leather,  $6.     {Just  issued.) 

WHAT  TO  0B8SBVE  AT  THE  BEDSIDE  AND  AFTER  DEATH 
V  *   IN  MEDICAL  CASES.    In  one  royal  12mo.  toL,  extra  cloth,  $1. 

WAT80F  (TH0HA8).  LECTURES  ON  THE  PRINCIPLES  AND 
PRACTICE  OF  PHYSIC.  A  new  American  from  the  last  revised 
English  edition,  with  additions  by  D.  Francis  Condie.  With  186 
illustrations  on  wood.  In  one  yery  large  volume  imperial  8vo.  of 
over  1200  pages,  in  small  type,  extra  cloth,  $6  60 ;  strongly  bound 
in  leather,  raised  bands,  $7  60. 

-WEST  (CHARLES).    LECTURES  ON  THE  DISEASES  PECULIAR 
TV  TO  WOMEN.    Third  American  from  the  Third  English  edition.    In 

one  octavo  volume  of  660  pages,  extra  cloth,  $3  76  ;  leather,  $4  76. 

(Now  ready.) 

LECTURES  ON  THE  DISEASES  OF  INFANCY  AND  CHILD. 

HOOD.  Fourth  American  from  the  fifth  revised  English  edition.  In 
one  large  8vo.  vol.  of  666  closely  printed  pages,  extra  cloth,  $4  60  ,* 
leather,  $6  50. 

AN  ENQUIRY  INTO  THE  PATHOLOGICAL  IMPORTANCE 


OF  ULCERATION  OF  THE  OS  UTERI.    In  one  vol.  8vo.,  exUa 
cloth,  |1  26. 

WILLIAX8  (CHARLES  J.  B.)  PRINCIPLES  OF  MEDICINE.  A 
new  American  from  the  third  revised  London  edition.  In  one  8vo. 
vol.  of  about  500  pages,  extra  cloth,  $3  60. 

WILSON  (SRASHUB).  A  SYSTEM  OF  HUMAN  ANATOMY.  A 
new  and  revised  American  from  the  last  English  edition.  Illustrated 
with  897  engravings  on  wood.  In  one  handsome  8vo.  vol.  of  over 
600  pages,  extra  cloth,  $4  ;  leather,  $6. 

THE  DISSECTOR'S  MANUAL.    Third  American  from  the  last 

revised  London  edition.     In  one  large  12mo.  vol.  of  682  pages,  with 
164  illastrations,  extra  cloth,  |2. 

ON  DISEASES  OF  THE  SKIN.     The  seventh  American  from 


the  last  English  edition.     In  one  large  8vo.  vol.  of  over  800  pages, 
extra  cloth,  $5.     (Just  ready.) 

Also  A  SERIES  OF  PLATES,  illustrating  "  Wilson  on  Diseases  of  the 
Skin,"  consisting  of  20  plates,  thirteen  of  which  are  beautifully 
colored,  representing  about  one  hundred  varieties  of  Disease.     $6  60. 

Also,  the  TEXT  AND  PLATES,  bound  in  one  volume,  extra  cloth,  $10. 

THE  STUDENT'S  BOOK  OF  CUTANEOUS  MEDICINE.     In 


one  handsome  royal  12mo.  vol.,  extra  cloth,  $3  50. 

WINSLOW  (FORBES).  ON  OBSCURE  DISEASES  OF  THE  BRAIN 
AND  DISORDERS  OF  THE  MIND.  In  one  handsome  8vo.  vol. 
of  nearly  600  pages,  extra  oloth,  $4  26. 


